INVESTIGATING SCIENCE TEACHERS’ CLASSROOM DISCOURSE AND
STUDENTS’ REASONING QUALITY THROUGH ARGUMENT-BASED
INQUIRY APPROACH

GULSAH OZKAN INAL

DECEMBER 2019






INVESTIGATING SCIENCE TEACHERS’ CLASSROOM DISCOURSE AND
STUDENTS’ REASONING QUALITY THROUGH ARGUMENT-BASED
INQUIRY APPROACH

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF SOCIAL SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

GULSAH OZKAN INAL

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
THE DEPARTMENT OF ELEMENTARY SCIENCE AND MATHEMATICS
EDUCATION

DECEMBER 2019






Approval of the Graduate School of Social Sciences

Prof. Dr. Yasar Kondakg1
Director

I certify that this thesis satisfies all the requirements as a thesis for the degree of
Master of Science.

Assoc. Prof. Dr. Elvan Sahin
Head of Department

This is to certify that we have read this thesis and that in our opinion it is fully
adequate, in scope and quality, as a thesis for the degree of Master of Science.

Prof. Dr. Ozgiil Yilmaz-Tiiziin
Supervisor

Examining Committee Members

Prof. Dr. Jale Cakiroglu (METU, ESME)

Prof. Dr. Ozgiil Y1lmaz-Tiiziin (METU, ESME)

Assist. Prof. Dr. Yilmaz Soysal (Istanbul Aydin Uni., TEB)






I hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. I also declare
that, as required by these rules and conduct, I have fully cited and referenced

all material and results that are not original to this work.

Name, Last name : Giilsah Ozkan Inal

Signature

il



ABSTRACT

INVESTIGATING SCIENCE TEACHERS’ CLASSROOM DISCOURSE AND
STUDENTS’ REASONING QUALITY THROUGH ARGUMENT-BASED
INQUIRY APPROACH

Giilsah, Ozkan Inal
M.S., Department of Elementary Science and Mathematics Education

Supervisor: Prof. Dr. Ozgiil Y1lmaz-Tiiziin

December 2019, 145 pages

This study had three purposes, first the science teachers’ discursive moves (TDMs)
during classroom discourse in medium and high levels of Argument Based Inquiry
(ABI) implementation were investigated. Moreover, the relationship between the
TDMs and their students’ reasoning qualities was also explored in different levels.
Finally, this study investigated types of communicative approach performed by
teachers. The participants of this study were two elementary science teachers who
were selected purposefully among teachers who attended the professional
development (PD) program. These teachers’ students were also involved in this
study. The data source of this study was video recordings of ABI implementations.
The data were analyzed with the systematic observation. The results of the current
study revealed that both teachers conducted reflective discourse more and provided
knowledge and evaluated students’ response less in high levels of ABI
implementation. However, they had difficulty in performing some discursive moves
(challenging and seeking for evidence) in both levels. The changes in the

percentages of TDMs (knowledge providing and evaluating, reflective discourse)
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were related to increasing students’ reasoning qualities because their reasoning
qualities were more sophisticated in high level. Finally, the teachers considered
students’ different points of view more frequently by performing more dialogic
approach in high level. Although students were given more opportunity to offer
different points of view in high level, students had still difficulty in using evidence
and rule-based reasoning while supporting their claim. Then, the recommendations
for PD program are given about how teachers create classroom discourse for

increasing students’ reasoning quality.

Keywords: Classroom Discourse, Argument-Based Inquiry, Reasoning Qualities of
Students, Sociocultural Perspective, Quality of Argument-Based Inquiry

Implementation
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FEN BILIMLERI OGRETMENLERININ SINIF SOYLEMLERININ VE
OGRENCILERIN AKIL YURUTME KALITELERININ ARGUMANTASYON
TABANLI BiLIM OGRENME YAKLASIMI DOGRULTUSUNDA
INCELENMESI

Giilsah, Ozkan Inal
Yiiksek Lisans, ilkdgretim Fen ve Matematik Alanlar Egitimi

Tez Yoneticisi: Prof. Dr. Ozgiil Yilmaz-Tiiziin

Aralik 2019, 145 sayfa

Bu calismanin ii¢ amacit bulunmaktadir. ilk olarak, orta ve yiiksek diizey
Argiimantasyon Tabanli Bilim Ogrenme (ATBO) uygulamalarinda dgretmenlerin
sOylemsel hamleleri arastirilmistir. Ayrica farkli uygulama seviyelerinde
ogrencilerin muhakeme kalitesi ve dgretmelerin sdylemsel hamleleri arasindaki
iliski incelenmistir. Son olarak, 6gretmenler tarafindan gergeklestirilen iletisimsel
yaklagim tiirleri incelenmistir. Bu ¢alismanin katilimcilar iki ortaokul fen bilimleri
ogretmenidir. Bu Ogretmenler mesleki gelisim programina katilan 6gretmenler
arasindan amacl olarak secilmistir. Katilimc1 6gretmenlerin 6grencileri de bu
caligmaya dahildir. Bu ¢aligmanin veri kaynagi ATBO uygulamalarinin video
kaydidir. Veriler sistematik gozlem aracilifiyla analiz edilmistir. Bu calisma,
yiiksek diizey ATBO uygulamalarinda dgretmenlerin daha fazla yansitict sdylem
gerceklestirdigini ve daha az bilgi sagladigini ve 6grenci cevabini degerlendirdigini
gostermistir. Bununla birlikte O6gretmenler her iki uygulama diizeyinde bazi

hamleleri (¢eldirme ve delillendirme) sergilemekte zorluk ¢ekmislerdir. Ogretmen
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hamlelerindeki (bilgi saglama ve degerlendirme ve yansitici sOylem) degisim
ogrencilerin artan muhakeme kalitesi ile iliskidir ¢iinkii 6grencilerin akil yiirlitme
kalitesi yiiksek diizey uygulamada daha sofistikedir. Son olarak, yiiksek diizey
uygulamada 6gretmenler daha fazla diyalojik yaklasim sergileyerek Ogrencilerin
farkl fikirlerini daha ¢ok dikkate almistir. Yiiksek diizey uygulamada 6grencilere
farkli fikirlerini ifade etmeleri i¢in firsat verilmesine ragmen, 6grenciler iddialarin
delil ve kural temelli desteklemekte zorluk yasamuslardir. Ogrencilerin akil yiiriitme
kalitesini arttirmak i¢in nasil sinif s6ylemi olusturulabilecegine dair dneriler mesleki

gelisim programlari i¢in sunulmustur.

Anahtar Kelimeler: Simf Soylemi, Argiimantasyon Tabanli Bilim Ogrenme,
Ogrencilerin Akil Yiiriitme Kalitesi, Sosyokiiltiirel Perspektif ve Argiimantasyon

Tabanli Bilim Ogrenme Uygulamalarmin Kalitesi
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CHAPTER 1

INTRODUCTION

Given the necessities of inquiry-based science education, research has highlighted
the importance of active involvement of students in the classroom discourse where
they generate their claims, support them with evidence, present rebuttal for them
and challenge their peers’ ideas instead of just conducting their investigation
(Driver, Newton & Osborne, 2000; Lehrer & Schauble, 2006; Sampson, Grooms, &
Walker, 2010). The effective classroom discourse not only allows students to be
involved in interactions with their peers and teacher but also fosters students’
conceptual understanding (Candela, 2005; Chin 2007; Molinari & Mameli, 2013).
The traditional classroom mostly includes the IRE (initiate-response-evaluation)
triadic pattern of interaction where the teacher probes questions, students respond
then the teacher evaluates their response against canonical knowledge of science, in
turn causes little interactions among students (Macbeth, 2003; Mehan, 1979) and
the teacher talk dominates the classroom discourse (Alexandar, 2005; Crawford,
2005; Mercer, Dawes, & Staarman, 2009; Wells & Arauz 2006). However, the
inquiry-based science classroom involves various patterns of interaction to support
students’ involvement rather than only triadic patterns of interaction (McNeil &
Pimentel, 2010). The roles of teacher in providing effective classroom discourse
have been increasingly investigated in the education literature (Smart & Marshall,

2013).

The definition of discourse is accepted as the usage of language in social context
(Gee, 2001). Moreover, classroom discourse is beyond the classroom talk, it
involves interplay between students, teachers and these people’s viewpoints (Smart
& Marshall, 2013). In the field of education, investigation of classroom discourse

has been mostly conducted within the Vygotsky’s sociocultural perspective of



learning and development (Scott, 1998). This perspective was adopted in this study.
Based on this perspective, conceptual understanding happens in both individual
(intrapsychological) and social (interpsychological) planes (Vygotsky, 1978). While
learners present their points of view through language and other semiotic
mechanisms on the social plane, learners internalize these views on the individual
plane. In other words, learning occurs first on the social plane, then inside of the
learners (Vygotsky 1978). From this point, language plays an important role in
students’ learning and thinking processes. Vygotsky’s perspective underlines the
significance of classroom discourse on the social plane for the students’ conceptual
understanding, especially the interaction between teacher and students in the
classrooms (Scott, 1998). As the heart of Vygotsky's sociocultural perspective, the
concept of teachers’ scaffolding through zone of proximal development (ZPD)
emphasizes the importance of teacher's role in the classroom discourse (Mortimer
& Scott, 2003; Scott, 1998). The roles of a teacher as scaffolding can include
discursive moves that might be wholly verbal (mimics, gestures, body posture, tone
of voice) and non-verbal (verbalization) behaviors. This study investigated teachers’
discursive moves (TDMs) performed by teachers on the social plane of science

classroom in the context of Argument-Based Inquiry (ABI) implementation.

1.1. Classroom Discourse and Teachers’ Discursive Moves

Scott (1998) categorized classroom discourse as authoritative and dialogic
considering the characteristics of teacher utterances, student utterances and
classroom discourse. In the authoritative classroom discourse, teachers have a
tendency to transmit information. In this sense, authoritative TDMs can be giving
information (Scott, 1998), evaluating students’ ideas by accepting or rejecting them
(McMahon, 2012), summarizing students’ ideas that are discussed earlier (van
Booven, 2015), asking questions that have just one true scientific answer in teachers’
minds (Mortimer & Scott, 2003; Scott, 1998) and interrupting students' answer
before students do not complete their sentence (Chin, 2006). In the dialogic
classroom discourse, teachers give students opportunities to extend their ideas as
well as discover different views. In this respect, the dialogic TDMs can be asking

for clarification, probing students’ idea, focusing particular idea in order to get
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attention, asking students to monitor classroom, throwing responsibility of thinking
to students (van Zee & Minstrell, 1997b), challenging and asking students for
justifying their ideas (Simon, Erduran & Osborne, 2006). Wertsch and Toma (1991)
indicated that “the styles of interpsychological functioning employed in classroom
discourse will be reflected in subsequent intrapsychological functioning” (p. 171).
Thus, the feature of classroom discourse has an impact on the quality of student’s
thinking process on the individual plane. Some studies in the field of classroom
discourse have a tendency to underline the important role of dialogic classroom
discourse in supporting student-centered learning and teaching instead of
authoritative discourse (Alexander, 2006; Chin, 2006, 2007; Martin & Hand, 2009;
van Zee & Minstrell, 1997a, 1997b). On the other hand, some other studies
suggested that there must be a balance between utilizing authoritative and dialogic
approaches depending on the students’ outcome aimed by the lesson (Aguiar,
Mortimer & Scott, 2010; Mortimer & Scott, 2003; Nassaji & Wells, 2000; Nurkka,
Viiri, Littleton, & Lehesvuori, 2014; Scott, Mortimer & Aguiar, 2006). In other
words, for the meaningful understanding of scientific concepts and meaning making
in the classroom, applying both authoritative and dialogic discourse approaches is
essential because authoritative discourse enables “continuity and the reliable
transmission of culturally valued content” while dialogic discourse “encourages
creativity and allows for innovation” (Sedova, Sedlacek & Svaricek, 2016, p. 15).
In this study, both dialogic and authoritative teachers’ discursive moves were

investigated during ABI implementations.

The in-depth analysis of teacher discursive moves is important for understanding
how teacher intervenes for the meaningful learning in the classroom discourse.
However, Mortimer and Scott (2003) argue that disadvantages of this kind of micro
analysis is getting lost in detail of teacher discursive moves and not to taking holistic
approach to the classroom discourse. For a better understanding of the classroom
discourse, communicative approaches enacted by teachers were investigated in this
study. As the central component of the Mortimer and Scott’s (2003) framework,
communicative approach analyzes whether the students’ points of view are
considered or not and the interactions between students and teacher are happening
or not in science classrooms. Therefore, the classroom discourse has two

3



dimensions; interactive/non-interactive and dialogic/authoritative. In other words,
ideas’ exchange in the discourse does not mean that different students’ ideas are
taken into account by the teachers. While none of the communicative approach is
not bad or good, the effective use of communicative approach should depend on the
purpose of the teacher's instruction (Aguiar et al., 2010; Mortimer & Scott, 2003;
Scott et al., 2006). Lehesvuori (2013) maintains that in the communicative approach,
there is no one teacher or student utterance or an interaction of student-teacher.
Communicative approach includes a range of teacher-student interaction depending
of the aim of the science lesson. Therefore, the communicative approach enacted by
teachers is analyzed regarding dominant feature of patterns of teacher-student
interactions. In other words, communicative approach can be determined
considering the episode of the lesson while dialogic and authoritative discursive
moves are determined considering the teacher utterance. In this study, the use of
communicative approach was investigated in the context of ABI approach. Since the
ABI approach has different phases, the teacher had better use a different

communicative approach for the meaning making.

1.2. Teachers’ Discourse Moves and Students’ Cognitive Contributions

Researches showed that there was a relationship between teacher’s discursive moves
and students’ cognitive contributions. In the field of classroom discourse, the
cognitive contribution of students was explored in both quantitative and qualitative
ways. Students’ quantitative contribution was explored in terms of the length of
students’ answers and the proportion of student talk in classroom discourse (Soysal
& Yilmaz-Tuzun, 2019). Moreover, the quality of students’ cognitive contributions
was investigated with respect to cognitive pathways, argument structure as well as
quality of reasoning. Previous studies mostly studied on the impacts of teacher
questioning on students’ cognitive contribution (Soysal & Yilmaz-Tuzun, 2019).
Research (e.g. Erdogan & Campbell, 2008; Smart & Marshall, 2013; van Zee &
Minstrell, 1997b) showed that the open-ended questions were directly related to the
students’ cognitive contribution. For instance, Martin and Hand (2009) and McNeill
and Pimentel (2010) stated that there was a relationship between students’

questioning strategies and students’ usage of argumentation structure. They also
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concluded that the open-ended questions of teacher increased student voice that can
be described as the chance for students to be involved in interaction with their
teacher and peers. As the student voice increases in the classroom discourse, quality
of argument structure, such as making claims, offering strong evidence for their
claims and providing rebuttals increases (Martin & Hand, 2009; Mercer, Dawes,
Wegerif & Sam 2004; Naylor, Keogh & Downing, 2007). This being the case,
quantitative increase in students’ contribution (student voice) can bring about
qualitative increase in cognitive contribution of students (student’ argumentation
structure) (Soysal, 2017). On the other hand, Boyd and Rubin (2006) suggest that
contingent questioning that probes students’ response increases students’ cognitive
skills rather than the structure of questions (open-ended and closed-ended
questions). In other words, all open-ended questions do not trigger students’
cognitive processes, while all close-ended questions do not limit students’
contribution. Some studies explored the impact of discursive moves on students’
cognitive contribution instead of just looking into teacher questioning. Pimentel and
McNeill (2013) concluded that the use of authoritative discursive moves, such as
cut-off, caused the short students’ responses that did not involve reasoning while
these types of moves were essential for the epistemic and social framing of lesson.
However, reflective discourse that requests students to evaluate peer’s responses
enables students to demonstrate higher-order cognitive process (van Zee &

Minstrell, 1997a).

Some studies focused on the potential role of third moves of teacher in the IRF
(initial, response and feedback) interaction patterns on triggering students’ cognitive
contribution. For instance, Chin (2006) found that when teachers avoided evaluating
and restating students’ response in the third move of IRF sequence, students could
use higher order thinking process such as “hypothesizing, predicting, explaining,
interpreting, and making conclusions” (p. 1321). Similarly, van Booven (2015)
contended that while dialogic moves gave students an opportunity to show high
cognitive process, authoritative moves restricted students’ cognitive process. In the
national literature, there were few studies that investigated the relationship between
teacher discursive move and students’ cognitive contribution. In this study, the
relationship between TDMs and student’s reasoning quality as students’ cognitive
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contribution was investigated. Students’ reasoning quality was determined by using
Evidence-Based Reasoning Video Framework (EBR Video Framework) (Furtak et
al., 2010). This framework determines as to what extent students’ claim has been

supported during ABI implementation.

1.3. Argument Based Inquiry in Science Education

The meaning of learning science is that students have the ability to talk science, which
needs participation of students in talking science (Lemke, 1990). This offers that
students should be given the opportunity to be involved in classroom discourse where
they experience talking science such as justifying, evaluating and challenging (Driver,
Newton, & Osborne, 2000; McNeill & Pimentel, 2010). Scientific argumentation
promotes students’ involvement in authentic science discourse through offering their
reasons for justifying their claims and challenging the ideas with their peers and
teachers through negotiation (Driver et al., 2000; Ford, 2008). Students involvement
in the argumentation allows them to experience cognitive, social, and epistemic
components of scientific practices, which in turn, improves their comprehension of
the knowledge construction in scientific community (Jimenez-Aleixandre &
Crujeiras, 2017; Osborne, 2010). In other words, the process of argumentation enables
students to find out science as a means of knowing (Cavagnetto, 2010; Driver,
Newton, & Osborne, 2000; Duschl & Osborne, 2002; Duschl, 2008; Erduran &
Jimenez-Aleixandre, 2007; Millar & Osborne, 1998) In addition, argumentation
promotes students’ reasoning skills and conceptual understanding of science
(Jimenez-Aleixandre & Pereiro-Munhoz, 2002; Furtak et al., 2010; Sampson et al.,
2011; Nussbaum & Sinatra, 2003; von Aufschnaiter, Erduran, Osborne, & Simon,
2005; Zohar & Nemet, 2002). In this manner, teachers should understand how they
integrate argumentation into their classroom and develop their pedagogical practices

that promote effective argumentation implementation in their classroom.

Argument-based interventions have been consistently increased in science education
literature due to the recognition of significant role of argument (Cavagnetto, 2010;
Soysal & Yilmaz-Tuzun, 2019). Cavagnetto (2010) broke down the argument-based

interventions into three; 1) explicit approach 2) immersion approach 3) socio-
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scientific approach. Although all three types of interventions aim to increase student's
scientific literacy by means of argument, the structures of argument are taught in
different ways. Among the three types of argument-based approaches, the immersion
approach was selected because of two reasons for the context of this study. The first
reason for choosing immersion intervention was the way of learning using scientific
language. The structures of argument are explicitly taught before the usage of
argument in the explicit approach. However, according to the perspective of
“language as a learning tool” (Gee, 2004), learning of using language is not isolated
from learning science (Cavagnetto & Hand, 2012). In the immersion approach,
structures of arguments are embedded in the scientific inquiry that asks students to
collect data, make claim based on evidence, justify their idea (Cavagnetto & Hand,
2012; Keys, Hand, Prain & Collins, 1999). In other words, students are required to
utilize structures of argument which are an important aspect of construction of
scientific knowledge. Therefore, immersion approach best meets the needs of
scientific literacy through doing inquiry (Cavagnetto & Hand, 2012). The second
reason was the perception of immersion approach towards the structure of arguments.
While prepared arguments are presented to students for using them in the explicit
approach, students are involved in scientific investigation in order to make their claim
based on evidence in the immersion approach. This means that immersion
intervention allows students to be engaged in cognitive process. Since this study
examined the students’ cognitive contribution considering the language as a way of
learning, immersion approach was used. The immersion approach was used because

of these reasons in other studies (e.g., Soysal, 2017; Soysal & Yilmaz-Tuzun, 2019).

As one of the immersion approaches, ABI was used for the context of this study. ABI
approach includes language, argumentation, and inquiry (Hand & Keys, 1999). This
means that students are involved in scientific investigation as a scientific community
in which they use scientific language through oral and written argumentation
(Cavagnetto et al., 2010). ABI approach allows students to be engaged in the cycles
of negotiation and argumentation in the small group and whole class discussion where
students make claims, justify their claims with evidence as wells as negotiate their
claims with their peers and teachers during science activities (Akkus, Gunel & Hand,
2007; Hand, Norton-Meier, Gunel & Akkus, 2016; Hand & Keys, 1999; Milar &
7



Osborne, 1998; Nam, Choi & Hand, 2011; Siegel, 1995). Moreover, research showed
that ABI had a positive effect on students’ conceptual understanding of science
concepts (Hohenshell & Hand, 2006; Keys et al., 1999) and students’ cognitive
process (Grimberg, Mohammed, & Hand, 2004; Kili¢, 2016; Martin & Hand, 2009).

Teacher’s pedagogical strategies are associated with the quality or level of ABI
implementation (Benus, Yarker, Hand & Norton-Meier, 2013; Kili¢ 2016; Omar &
Hand, 2004; Yesildag-Hasancebi & Kingir, 2012). In order to determine the
implementation level of ABI, Reformed Based Observation Protocol (RTOP) has
been commonly used in the literature (Lund et al., 2015). RTOP developed by Piburn
et al. (2000) and modified align with ABI by Martin and Hand (2009) is an instrument
the extent to which the main characteristics of reform-based science education
standards are reflected in science classroom (Piburn & Sawada, 2000). Within the
scope of this study, RTOP scores of teachers were classified as medium and high level
of ABI implementation. However, although the score of RTOP is related to the quality
of ABI implementation (Cavagnetto et al., 2010; Martin & Hand, 2009), factors that
differentiate between different implementation levels should be closely examined and
described (Benus et al., 2013). The teachers’ implementation level of ABI approach
was examined with respect to teachers’ discursive moves, patterns of classroom
interaction and the cognitive contribution of students. It was found that when teachers
moved toward high-level of ABI implementation approach in science classroom, they
asked more open-ended questions that triggered students' reasoning and elaborated on
their previous response (Kim & Hand, 2015; Martin & Hand, 2009). Moreover, Benus
et al. (2013) showed that while low-level implementation included IRE pattern that
little opportunity was given for students' reasoning, high-level implementation
emphasized the evidence-based reasoning of students. Research revealed that the
quality of ABI implementation increased, students’ conceptual understanding (Akkus
et al., 2007; Gunel, 2006; Omar & Hand, 2004), the quality of students’ scientific
argument (Martin & Hand, 2009; Omar & Hand, 2004); the benefit of low-achieving
students (Akkus et al., 2007), students’ reasoning level (Kim & Hand, 2015) and
learning of multimodal representation (Demirbag & Gunel, 2014) improved in science
classrooms. There is a need to investigate the processes how teachers move toward
the higher implementation level of ABI in science classroom by comparing teachers’
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discursive moves in a detailed way (Kim & Hand, 2015; Pinney, 2014). This
comparison also sheds light on how classroom discourse has changed through
teachers’ progression toward ABI teaching. In this study, the differences between
discursive moves in teachers’ medium and high level of ABI implementation have

been investigated.

Studies (e.g., Kazemi & Hubbard 2008) have suggested that teachers need a PD
program in order to promote classroom talk for meaning making. Additionally, the
characteristic of PD program is an important factor for the teachers’ pedagogical
changes. Moreover, the features of PD programs are different in the research of
classroom discourse. Desimone (2009) identifies five characteristics of effective PD
program in order to develop teacher’s pedagogy: “(1) content focus: activities that are
focused on the subject matter content and how students learn that content; (2) active
learning: opportunities for teachers to observe, receive feedback, analyze student
work, or make presentations, as opposed to passively listening to lectures; (3)
coherence: content, goals, and activities that are consistent with the school curriculum
and goals, teacher knowledge and beliefs, the needs of students, and school, district,
and state reforms and policies; (4) sustained duration: PD activities that are ongoing
throughout the school year and include 20 hours or more of contact time; and (5)
collective participation: groups of teachers from the same grade, subject, or school
participate in PD activities together to build an interactive learning community”
(Desimone & Garet, 2015, p. 253). Similarly, Darling-Hammond, Hyler and Gardner
(2017) emphasized that the changes in teacher practice were not achieved in a short
session called “one-shot session, sit-and get and one size fits all approaches” by Budde

(2011, p. 21).

Moreover, in the literature, teacher’s pedagogical progression was investigated in the
short-term PD program (Benus et al., 2013). It is seen that effective PD program has
to be considered as a process rather than an event (Loucks-Horsley et al., 1987, 1998).
Moreover, the progression of teacher pedagogy can be viewed as a continuous and an
ongoing effort (McLaughlin & Marsh, 1978). In this respect, in the related literature,
it is a need to explore teachers’ pedagogical progression in a longitudinal and

sustained PD program.



In this study, participant teachers were involved in a 3-year long PD program funded
by the Scientific and Technological Research Council of Turkey (TUBITAK). Within
the scope of this program, teachers participated in-service teacher training at the
beginning of each semester. During the trainings, teachers were given the opportunity
not only to experience implementation of ABI as a learner, but also to be involved in
pedagogical discussion about the implementation with respect to teaching and
learning. Moreover, teachers conducted a unit preparation to implement ABI in their
classroom during the training. Through the PD program, teachers were given on-going
support before, during and after their classroom implementation to overcome their
difficulties in classroom implementation. Overall, the PD program met the five

characteristics of effective PD program identified by Desimone (2015).

1.4. Argument Based Implementation within Different Science Contents

In this study, the participant teacher conducted ABI implementation within different
science contents. The science contents are related with the students’ involvement in
argumentation discourse (Sadler, 2006). Moreover, the learning demand of each
science concept is different (Leach & Scott, 2002). Students’ everday language of
science is referred to as “alternative conception” or “misconception”. Students’
alternative conceptions about science concepts can be derived from teachers’
insufficient content knowledge (Sadler & Sonnert, 2016), teachers’ discursive moves
(McNeil & Alibali, 2005), inadequate explanation of concepts in textbook (Ault,
1984; King, 2010), and their social language of science (Mortimer & Scott, 2003). In
this study, the relationship between teacher discursive moves and reasoning quality in
different science content was examined considering the current literature about
students’ understanding of science concepts. Moreover, the contents of science topics
were as follows: buoyancy, sound, reproduction, growth and development in human
as well as electrical conductivity in this study. In the concept of sound, students have
misconceptions about the concepts such as speed of sound, intensity of sound,
frequency of sound, height of sound in elementary level (Beaty, 2001). As regards of
buoyancy force, concepts of floating and sinking cause misunderstandings, for
instance, students in elementary level relate the reasons of objects’ floating and

sinking to only its mass, shapes, volume and objects with holes (Pine, Messer & John,
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2001). Moreover, students in elementary level have difficulty in learning electricity
since the concepts of electricity are abstract for them. Regarding Reproduction,
Growth and Development in Human, teachers have difficulty in teaching because of

the abstract concept and perceiving the concept as a shameful (Yagcioglu, 2015).

1.5. Purpose of the Study

The main purpose of this study was to investigate science teachers’ classrooms
discourse in ABI approach and students’ reasoning. In order to address the aim of
this study, teachers’ discursive moves were investigated in medium and high level
of ABI implementations by using catalog of teacher discursive moves. Therefore,
the fluctuations among discursive moves (TDMs) performed by teachers in different
levels of ABI implementations were explored. As far as the classroom discourse was
concerned, the communicative approaches performed by teachers in medium and
high level of ABI implementations were explored. Then, this study aimed to

examine the relationship between TDMs and students’ reasoning qualities.

1.6. Research Questions

This study addresses the following questions:

1. What are the discursive moves (TDMs) performed by teachers in the medium and
high levels of ABI implementation?

2. What are the communicative approaches performed by teachers in the medium
and high levels of ABI implementation?

3. What is the relationship between teachers' discursive moves and students'
reasoning quality in medium and high levels of ABI implementation with

different science contents?

1.7. Significance of the Study

Although the importance of argumentation in science education has been emphasized
by the national and international reform movement (Ministry of National Education

[MoNE], 2005; National Research Council [NRC], 2007, 2012; Organisation for
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Economic Co-operation and Development [OECD], 2003), it is rarely found in
science classroom (Cavagnetto et al., 2010; Driver, Newton, & Osborne, 2000;
Newton, Driver, & Osborne, 1999). Moreover, teachers have difficulties in shifting
their practices towards argument-based inquiry approach. This study gives
information to teachers about type of discursive moves in different levels of ABI
implementation. In education literature, the factors determining quality of ABI
implementation are not investigated in detail. There is a need to investigate changes
in discursive moves through their pedagogical progression toward inquiry-based
approach (Benus, 2011, Kim & Hand, 2015, Pinney, 2014). The quality of ABI is
associated with teacher questioning, student voice and science argument (Martin &
Hand, 2007). Additionally, these criteria are determined considering theoretical
research rather than looking at what actually happens in the classroom (Pinney, 2014).
In this study, classroom discourse as a factor of determining quality of ABI is deeply
analyzed through in-depth and fine-grained sense. In this study, the changes in the
frequency and percentages of occurrence of TDMs in the medium and high level of
ABI implementation were been explored in detail. Therefore, this study was designed
to provide insight to the changes of teacher discursive moves as teachers move toward
high implementation level of ABI approach. Therefore, this study contributes to the
content of PD program in order to improve teachers’ classroom discourse with respect

to criteria that affects the quality of implementation level of ABI.

In the literature, some researchers claim that the quality of ABI implementation is
associated with the dialogic discourse, others claim that teachers should conduct both
dialogic and authoritative discourse for the meaning making in science classroom
(Alexander, 2006; Mortimer & Scott, 2003). Within the framework of this study, the
quality of ABI implementation was also investigated with respect to types of
communicative approach along two dimensions: interactive-non-interactive and
dialogic-authoritative. This study argues about the fluctuation among communicative

approaches performed by teacher in different level of ABI implementation.

It has been emphasized that students should use evidence to support their scientific
argument in scientific discourse (National Research Council [NRC], 1996, 2001,

2007). In science classroom discourse, high level of reasoning is solely found out. In
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other words, students usually do not support their claim based on evidence in science
classroom (Osborne, Erduran, & Simon, 2004; Newton & Newton, 2000). Studies
reveal that teachers do not have enough pedagogical tools that support students'
evidence-based reasoning. Thus, this study aims to inform teachers and teacher
trainers about the relationship between teacher’s discursive moves and quality of
students’ reasoning. When teachers realize the importance of their discursive moves
on student reasoning quality, they may put emphasis on their discursive moves in their
classroom. The result of this study also sheds light on the content of PD program in
terms of the consideration of the relationship between teacher discursive moves and

students’ cognitive contribution.

As a reminder, the aim of this study was to investigate fluctuations across teacher
discursive moves and communicative approach in medium and high level of ABI
implementation. Teachers in this study were involved in a 3-year PD program that
aimed to increase teachers’ pedagogical understanding and skills of ABI
implementation. During the program, teachers were given on-going support to
increase the effectiveness of the ABI implementation. Various quality of ABI
implementation happened within 3-year PD program. To this end, the
implementations of the teachers were selected from 18th month and 24th months of
the PD program. Researchers (Huberman & Miles, 1984; Martin & Hand, 2009) have
argued that the change in teacher practice happens after 18 months. On the other hand,
the short-term PD program is common in the studies that focus on developing
teachers’ practices (Adey, 2006; Lieberman, 1995; Shibley, 2006). As mentioned
above, this study was conducted within the context of the longitudinal PD program.
In this respect, it sheds light on the change in classroom discourse of teachers within
the longitudinal PD program regarding difficulties that encounters towards

pedagogical progression.

1.8. Definition of Terms

Argument Based Inquiry (ABI): Argument Based Inquiry is an immersion

intervention of science argumentation (Cavagnetto, 2010). In addition, ABI is a
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teaching approach that embeds scientific argumentation in the investigative context

by means of semiotic tools (Nam, Choi & Hand, 2010).

Teacher Discursive Moves (TDMs): Teacher discursive moves are described as
communicative tools that provide meaning making of science concepts to students
(Leach & Scott, 2002). Teachers’ discursive moves might be wholly verbal (mimics,
gestures, body posture, tone of voice) and nonverbal (verbalization) behaviors enacted
by the teacher. In this study, teachers TDM is examined with the catalogue of TDMs

that consists of nine main categories.

Communicative Approach: Being the core of the framework, communicative
approach concerns the ways that teachers work with students in order to deal with
students’ idea during the classroom discourse. The four main types of communicative
approach have been defined with respect to two dimensions; dialogic-authoritative

and interactive-noninteractive.

Teacher’s Implementation Level of ABI: It refers to the quality of ABI
implementation in this study. The overall RTOP scoring between 2 and 3 equals to
medium level of ABI implementation, while the overall RTOP scoring between 3 and

4 equals to high level of ABI implementation.

Sociocultural Perspective of Learning: According to Vygotsky (1978), learning
occurs in both social and individual levels. Vygotsky (1931) indicates that “Any
function in the child’s cultural development appears twice, or on two planes. First it
appears on the social plane, and then on the psychological plane. First it appears
between people as an interpsychological category, and then within the child as an
intrapsychological category. This is equally true with regard to voluntary attention,
logical memory, the formation of concepts, and the development of volition. We may
consider this position as a law in the full sense of the word, but it goes without saying
that internalization transforms the process itself and changes its structure and
functions. Social relations or relations among people genetically underlie all higher

functions and their relationships.” (p. 163).
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CHAPTER 2

LITERATURE REVIEW

The main purpose of this study was to investigate the classroom discourse in the
teachers’ medium and high levels of Argument Based Inquiry (ABI)
implementations. In this sense, this chapter will first review the perspectives of
argumentation, the place of argumentation in science education and the types of
argument-based approach. Then, as the context of this study, one of the immersion
approaches, ABI and studies on ABI will be explained. After that, sociocultural
perspective of Vygotsky will be discussed in terms of learning and teaching. Then,
the importance of teacher discursive moves (TDMs) in a classroom discourse and
the relationship between students’ cognitive contribution and TDMs will be
explained. Eventually, the teacher PD program needed for improving classroom

discourse will be discussed.

2.1. Argumentation

2.1.1. Argumentation as a Social and an Individual Process

Argumentation occurs at both an individual and a social level (Jimenez-Aleixandre
& Erduran, 2008; McNeill & Pimentel, 2010). At the individual level, individuals
construct their knowledge claims based on evidence through reasoning (Driver et
al., 2000; McNeill, 2009). The argumentation may take place within an individual
through writing or talking (McNeill & Pimentel, 2010). At the social level; however,
argumentation involves social interaction between individuals where they struggle
to convince each other about the validity of their claims by challenging and
criticizing each other’s claims and evidences (Berland & Reiser, 2011). Social level
of argumentation allows students to develop their higher level of thinking skills

which are required to enhance students’ conceptual understanding. From these
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points of view, both individual and social levels of argumentation are required in the
classroom discourse since argument is constructed at the individual level, and then,
the meaning is negotiated at the social level. On the other hand, van Eemeren and
Grootendorst (2004) emphasize only the social meaning of argumentation by saying
“argumentation is a verbal, social and rational activity aimed at convincing a
reasonable critic of the acceptability of a standpoint by putting forward a
constellation of propositions justifying or refuting the proposition expressed in the
standpoint” (p. 1). According to this point of view, argumentation is considered as
persuasion without considering an individual cognitive process. However, Fords
(2008) agrees with the idea that argument is both constructed by individual and
constructed and social interaction which takes places through negotiation. If the
individual and social aspects of argumentation are not included in the inquiry-based
instruction, students may not be involved in learning science (Jimenez-Aleixandre
& Erduran, 2009). In science education, students not only need to have the ability
to build their claims but also, they require to challenge with peers’ claims within the
social context (Jimenez-Aleixandre & Erduran, 2008; McNeill & Pimentel, 2010).
Thus, in this study, argumentation in science learning environment included both
the individual and social levels. In addition to aspects of argumentation, there are
two frameworks on the role of the argumentation discourse in science classrooms
(Jimenez-Aleixandre & Erduran, 2008). The first framework emphasizes that
argumentation discourse plays a significant role in the construction of knowledge in
the science classrooms (Knorr-Cetina, 1999; Latour & Woolgar, 1986). Based on
the sociocultural perspective (Vygotsky, 1978; Wertsch, 1991), the second
framework indicates that construction of knowledge occurs through social
interaction between and within learners. This social interaction enables the ways for
individual thinking through the means of language. In this study, a second
framework was adopted. This framework also implies that argumentation happens

at an individual and a social level.

2.1.2. Argumentation as a Core Element of Science Education

The international and national organizations have underlined the significance of

argumentation in science education (Australian Curriculum, Assessment and
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Reporting Authority [ACARA], 2009; National Research Council [NRC], 2007,
2012; Ministry of National Education [MoNE], 2005, Organization for Economic
Co-operation and Development [OECD], 2003; U.K. Department for Children,
Schools, and Families [DCSF], 2009). Moreover, most of the researchers (e.g.,
Driver, Newton, & Osborne, 2000; Duschl, 2008; Jimenez-Aleixandre & Erduran,
2008; Hand, Yore, Jagger, & Prain, 2010; Kuhn, 1993; Kuhn, 2010; Osborne,
Erduran, & Simon, 2004) offer that argumentation is an essential practice in the
science classroom for students’ construction of knowledge as well as the

comprehension of the epistemic nature of science and science literacy.

Scientific argumentation is the core activity within the scientific community.
Jiménez-Aleixandre and Erduran (2008) indicate that argumentation enables
students to understand the practices of scientists. For example, the Next Generation
Science Standard (NGSS) (NRC, 2012) focuses on the importance of scientific
argumentation by proposing that “engaging in argumentation from evidence about
an explanation supports students’ understanding of the reasons and empirical
evidence for that explanation, demonstrating that science is a body of knowledge
rooted in evidence” (p. 44). Similarly, the students’ involvement in epistemic, social
and cognitive aspects of argumentation allows them to understand how knowledge
is constructed in the scientific community (Osborne, 2010). In addition, Driver et al.
(1998) state that learning science should provide students with an opportunity to
understand the epistemology of science and nature of science as a process of social
construction of knowledge through conceptual understanding of science. Therefore,
scientific argumentation helps learners to understand epistemic nature of science.
The students’ ability to engage in scientific argumentation can be regarded as the
indicator of the scientific literacy (Jimenez- Aleixandre, Rodriguez, & Duschl,
2000). That is why, it can be considered that students’ practice of scientists is a tool
to promote students’ scientific literacy (Walker &Sampson, 2013). If argumentation
is not included in the science teaching, students’ construction and critique of
knowledge are restricted (Ford, 2008). When students are involved in the
argumentation, the form of student question may be “why” instead of “what”. The
form of “why questions” guides students to be involved in the practices of scientists
(Bricker & Bell, 2008). Additionally, scientific argumentation encourages students
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to talk and write the scientific language as a tool for learning science (Duschl &
Osborne, 2002) Studies in the field of argumentation indicate that students’
conceptual understanding of science improves during the interaction with others in
the science classrooms (Promyod, 2013). Given that the argumentation is considered
as a social and individual process, argumentation can be a significant social skill
(Benus, 2011). The Organization for Economic Cooperation and Development
(OECD, 2003) considers the practice of scientific argumentation as a life skill,
which are the students’ abilities to make claims from data, consider the validity of
claims as well as critique peers’ claims. While argumentation gives an opportunity
for students to enhance their social interaction and communicative abilities, it
enables students to promote higher order thinking and reasoning since students are

given the chance to think on their claims (Clark & Sampson, 2007).

Erduran and Jiménez- Aleixandre (2018) state that argumentation has been
explicitly emphasized in the national curriculum of most countries (e.g., Taiwan,
Israel, Australia, Chile, United States, United Kingdom etc.). Especially,
argumentation has been underlined as a method in the national Turkish science

curriculum of middle schools:

1. The process of learning consists of exploration, inquiry, construction of
knowledge, and product design. In addition, it is expected to give students
opportunities that enable them to develop their communication and creative
thinking skills by expressing themselves in written, oral and visual form.

2. Learning environments where students can discuss the advantages-disadvantages
relationship about the scientific phenomena should be provided so that they can
express their ideas, support their ideas for different warrants, and develop

opposing arguments to refute their peers’ claims. (MoNE, 2018, p. 11).

As seen above, Turkish curriculum emphasizes that learning environment should
include scientific argumentation that asks students to make claims, justify them with
evidence as wells as negotiate their claims with their peers and teachers through
scientific reasoning, which is basically the practices of scientists. Moreover, the

teacher role is described as improving students’ scientific reasoning. In this sense,
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the role of teachers is important to create a learning environment that promotes
argumentation for meaning making. Although the importance of argumentation in
science education has been emphasized, argumentation has been rarely found in
science classroom (Cavagnetto et al., 2010). Students have difficulty in supporting
their knowledge claims with evidence rather than data, understanding the criteria of
a good evidence as well as negotiating their peers’ claims in the community
(Cavagnetto et al., 2010; Martin & Hand, 2009, Sadler, 2004, Sampson & Clark,
2009). In addition, teachers experience difficulties in implementing argumentation
with respect to lack of pedagogical skills and students’ prior knowledge in their
classrooms (Benus et al., 2013; Cazden, 2001; Hand, 2018; Osborne & Dillon,
2008).

The shift in teacher practice towards argumentation discourse requires to change
classroom discourse towards learning environment where not only students voice is
dominant in the classroom, but also, they are given the opportunity to negotiate the
meaning (Crawford, 2000). In this study, the classroom discourse was examined in
the different level of ABI implementation. In addition, the relationship between
teachers’ discursive moves and students reasoning quality was investigated in the
argumentation discourse. The view of inquiry has been shifted from doing scientific
experiment to engaging in argumentation where claims are constructed through the
scientific investigation (Benus, 2011; Chin & Osborne 2010; Duschl et al. 2007).
Given that argumentation should be placed in science classrooms, different teaching
and learning instructions have been improved to integrate into science classroom by
the science educator (Cavagnetto, 2010; Yun & Kim, 2015). In the following topic,

the type of argument-based approach will be explained.

2.1.3. The Types of Argument Based Approach

In the review of Cavagnetto (2010), it has been found that there are three types of
interventions with regard to the argumentative discourse: 1) explicit approach, 2)
immersive approach and 3) socio-scientific approach. Although the argument
structures are differently taught in all three argument-based approaches, these

approaches aim to promote students’ scientific literacy. In the explicit intervention,
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a structure of argument is explicitly taught, and students are requested to practice
the structure in scientific contexts. In the IDEAS project (Erduran, Simon, &
Osborne, 2004; Osborne, Erduran & Simon, 2004; Simon, Erduran, & Osborne,
2006), explicit intervention approach was used (as cited in Cavagnetto & Hand,
2012, p. 41). In this project, Toulmin's (1958) argument structure was taught to
students and then students applied this structure to different science topics. In
addition, the claims, evidence, and reasoning structure developed by McNeil and
colleagues (McNeill, 2009; McNeill, Lizotte, Krajcik, & Marx, 2006; McNeill &
Krajcik, 2008) were taught and applied by students (as cited in Cavagnetto & Hand,
2012, p. 41). Although different argument structures were utilized in these two

studies, structures of argument were explicitly taught in both studies.

Secondly, in the socio-scientific instruction of science argumentation, interactions
between society and science play important role in terms of the construction of the
scientific argument. In this intervention approach, students are involved in the
scientific argumentation through science-society-technology related contexts. For
example, the issues of genetically modified foods, gene therapy, high-transmission
power lines and construction of nuclear, power plants are studied in the socio-
scientific interventions (e.g., Sadler, Chambers & Zeidler, 2004; Sadler &
Donnelly, 2006, Sadler & Fowler, 2006, Walker & Zeidler, 2007; Wu & Tsai, 2007)
(as cited in Cavagnetto & Hand, 2012, p. 42). Therefore, students are expected to
negotiate the outcome of the application of scientific knowledge considering moral,

ethical and political factors (Cavagnetto, 2010).

Finally, in the immersion approach, scientific argument is embedded in the scientific
context. In other words, the immersion instruction helps students to construct
arguments by means of scaffolding strategies (e.g., prompting questions, cognitive
conflict and group collaboration). For instance, during ABI approach (Keys, Hand,
Prain, & Collins, 1999; Martin & Hand, 2009), students are helped to construct
argument through teacher questioning strategies. These questions seek to respond to
students’ research questions, claims, evidence and the differences and similarities
between their and others’ claim. Similarly, a computer program enables to scaffold

in the study of Sandoval and colleagues (Sandoval & Millwood, 2005; Sandoval &
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Reiser, 2004). Although there are various immersion-oriented approaches, argument

is considered as embedded elements to scientific practice in all of these studies.

Cavagnetto (2010) also argues that these three approaches can be efficient for
integrating argument into science classroom setting. However, while choosing types
of argument-based interventions, the aims of the instruction should be taken into
consideration. Among the three types of argument-based interventions, this study
was carried out under the assumption of immersion approach. The first reason for
choosing immersion approach among all argument-based approach was the
perspective of immersion approach on using language. In the explicit approach,
using language is learned before learning science (Halliday & Martin, 1993; Klein,
2006). That means that structures of argument are explicitly taught before students
are involved in scientific activities. However, Gee (2004) argues that using language
should be integrated into science learning because learning science is not separated
from using language. Moreover, Hand and Prain (2006) recommend that the view
of use of language as a learning tool has more benefits of learning outcome than the
view of using language isolated form science learning. Therefore, although three
different types of argumentation-based interventions support the scientific literacy,
just immersion approach seems to provide culture that consists of epistemic nature
of science as embedded in the practice of science (Cavagnetto, 2010). The
significant role of the immersion approach is also emphasized that “the immersion
orientation portrayed argument as a tool for both the construction and understanding
of science principles and cultural practices (including discourse practices) of
science.” (Cavagnetto, 2010; p. 351). This being the case, the perspective of using
language as learning science improves the understanding of epistemic nature of
science and increases students’ scientific literacy. The second reason was the
perspective of immersion approach on introducing argument structure. In the
explicit approach, students utilize structures of argument that their teachers present.
However, in the immersion approach, students are asked to generalize their claim
based on evidence through their scientific investigation. Therefore, students are
engaged in higher level cognitive and social processes where they built their
knowledge claims, and they support their claims with strong evidence. This study
investigated students reasoning quality in the context of immersion approach. As
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one of the immersion approaches, ABI approach was used in this study as mentioned

below in detail.

2.1.4. As an Immersion Approach: Argument Based Inquiry (ABI)

ABI approach is a langue-based argument approach that has been utilized as a way
to create a scientific inquiry classroom by giving students an opportunity to
negotiate and reflect on their reasoning for the construction of scientific knowledge
(Driver et al., 1994, 2000; NRC, 1996). This approach helps students to improve
conceptual understanding of science by means of using oral and written
argumentation (Hand & Keys, 1999). The main difference between ABI and other
types of inquiry is to what extent students are encouraged to critique not only their
claims but also their peers’ claims (Pinney, 2014). In the ABI approach, students are
involved in inquiry activities in which argument structure is embedded (Keys et al.,
1999). That is, students are required to utilize argument structures (question, claim
evidence) as part of the construction of scientific knowledge. From this point of
view, the argument structures are viewed as an inquiry rather than the product of the
inquiry. In the context of ABI, language is considered as a learning tool rather than
separating it from science learning (Gee, 2004). ABI approach is the junction point
of language, argumentation and inquiry (Hand & Keys, 1999). As an essential
component of science, language provides epistemic nature of science and science
culture for students (Ford, 2008). Hand (2008) states that “language is a critical to
the construction of science knowledge, the debate and argument of science, and the
dissemination of science knowledge” (p. 1). The role of language in the learning is

discussed.

Vygotsky’s sociocultural perspective in the next section. This approach includes a
range of scaffolding strategies, which ask students to utilize various types of
language such as talking, reading and writing while they are involved in scientific
investigation. ABI allows students to be engaged in the cycles of negotiation and
argumentation where students make claims, justify them with evidence and
negotiate their claims with their peers and teachers through science activities (Millar

& Osborne, 1998; Siegel, 1995). Therefore, during the ABI approach, scientific
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argumentation is fulfilled with “the collaborative nature of scientific activity” (Hand
etal., 2016, p. 850). To put it differently, in the ABI approach, students are involved
in authentic science discourse (Newton, Driver, & Osborne, 1999). The ABI allows
students to increase their conceptual understanding through negotiation with
themselves, the group and the class (Driver, Newton, & Osborne, 2000). ABI
approach also increases both social and cognitive skills as well as understanding of

the epistemology of science (Hand et al., 2004).

ABI consists of two different components; student template and teacher template.
As given in Table 1, as a learning tool, these templates help both students and
teachers to be active and to interact with others during the scientific investigation
(Burke, Greenbowe, & Hand, 2006). In the teacher template, there are various
proposed activities in order to engage students in negotiation, writing and thinking
about the scientific investigation (Keys et al., 1999). The teacher template serves a
type of pedagogical tool for teachers in order to be prepared before implementing
ABI approach in the class. During the preparation of implementation, teacher
necessitates to complete the teacher template in order to guide negotiation in small

and whole group.

Secondly, student template enables learners conduct to scientific investigation
through question-claim-evidence. It leads students to conduct scientific
investigation and reasoning through writing. The template encourages students to
pose questions, make claims based on evidence within the context of the scientific
investigation. Moreover, it gives students an opportunity to compare their claims
with others (experts, peers, and information in the textbook) and to reflect upon how
their ideas have changed. Overall, the student template leads students to conduct
scientific investigation and to reason about their investigation. ABI offers alternative
lab format different from traditional lab report that asks students to investigate the
given questions and expected outcomes. While the relationship between question,
claims and evidence is isolated from each other in traditional lab format, students
are asked to connect them through negotiation and writing in the ABI approach,

(Keys et al., 1999) which triggers students conceptual understanding through cycle
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of negotiation in small and whole group discussion as well as within themselves

(Akkus et al., 2007).

Table 1. The Student and Teacher Template for ABI Implementation

Teacher Template

Student Template

1. Exploration of pre-instruction understanding through
individual or group concept mapping.

1. Beginning ideas What are my
questions?

2. Pre-laboratory activities, including informal writing,
making observations, brainstorming, and posing questions.

2. Tests (What did I do?

3. Participation in laboratory activity.

3. Observations-What did I see?

4. Negotiation phase I-writing personal
meanings for laboratory activity. (For example, writing journals.)

4. Claims-What can I claim?

5. Negotiation phase II-sharing and comparing data interpretations
in small groups. (For example, making group charts.)

5. Evidence-How do I know? Why
am I making these claims?

6. Negotiation phase III-comparing science ideas to textbooks
for other printed resources. (For example, writing group notes
in response to focus questions.)

6. Reading-How do my ideas
compare with other ideas?

7. Negotiation phase IV-individual reflection and writing.
(For example, creating a presentation such as a poster or
report for a larger audience.)

7. Reflection-How have my
ideas changed?

8. Exploration of post-instruction understanding through concept
mapping, group discussion, or writing a clear explanation.

8. Writing- What is the best
explanation that explains what I

have learned
Note. Reprinted from “Introducing the science writing heuristic approach” by Hand, B., In B. Hand
(Ed.), Science inquiry, argument and language: A case for the science writing heuristic, 2008,
Rotterdam, The Netherlands: Sense Publishers.

Moreover, Driver et al. (2009) conclude that for promoting students to talk in the
science classroom, practices of teachers must change from traditional approach to
inquiry-based practices. Pedagogical shifts towards argument also need to change in
the nature of classroom discourse. In the argumentation discourse, the role of
teachers has to shift from knowledge providing to creating a learning environment
that students comfortably express their ideas and negotiate with their teacher and
peers. (Ladapat, 2002). Therefore, teachers necessitate to play various discursive
moves that are not included in the traditional classrooms. Simon et al. (2006)
determine the pedagogical moves enacted by teachers that may facilitate
argumentation discourse in science classrooms. For instance, teachers encourage
their students to justify their knowledge claims based on evidence, to discuss the
validity of their claim with each other as well as to make reflection about whether
their claims change or not to guide classroom discourse. This change in teacher
practice emphasizes the use of evidence for making claims, forming criteria for

judging validity of claims as well as the relation between claims and scientific
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theories (Erduran et al., 2005). Research showed that ABI approach had a positive
effect on students’ conceptual understanding in elementary and high school level
(Akkus et al., 2007; Hand, Wallace, & Yang, 2004; Schroeder & Greenbowe, 2008),
students’ cognitive contribution with respect to cognitive pathways (Kilig, 2016),
their reasoning quality (Soysal, 2017; Soysal & Yilmaz-Tuzun, 2019) and their
argument structure (Martin & Hand, 2009). Although there are quite a few studies
on argumentation at the secondary and college level, few studies have examined the
argumentation at the elementary level. In this study, the relationship between
cognitive contribution of students and teachers’ discursive moves was investigated
in elementary science classrooms. On the other hand, teachers’ pedagogical
strategies can be an indicator as to what extent students’ learning outcomes can be
achieved through ABI implementation. The implementation level or quality of ABI
approach is related to the teachers’ pedagogy (Benus et al., 2013; Burke et al., 2006;
Yesildag-Hasancebi & Kingir, 2012; Kim & Hand, 2015). The level of ABI
approach has been commonly evaluated by Reformed Based Observation Protocol
(RTOP) developed by Piburn et al. (2000) and revised align with ABI by Martin and
Hand (2009). The level of ABI implementation is evaluated with respect to teacher
roles, students voice, scientific argument and the teacher questioning. Moreover, the
implementation level or quality of ABI is parallel to the RTOP score (Cavagnetto et
al., 2010; Martin & Hand, 2009). Studies revealed that the teachers’ implementation
levels of ABI became higher, the students’ conceptual understanding (Gunel, 2006;
Omar & Hand, 2004; Poock, Burke, Greenbowe & Hand, 2007; Mohammad, 2007),
quality of scientific argument (Omar & Hand, 2004; Martin & Hand, 2009); the
benefit of low-achieving students (Akkus et al., 2007) and learning of multimodal
representation (Demirbag & Gunel, 2014) boosted in science classroom. For
example, the implementation level of teachers is related to the teachers’ ability to
identify big ideas of the lesson, to pose open-ended questions and to involve students
in dialogical interactions (Omar and Hand, 2004; Martin & Hand, 2009). However,
there is a need to investigate differences in different implementation levels (Benus
etal., 2013; Pinney, 2014, In this study, the fluctuations among the discursive moves
and communicative approach in medium and high level were investigated. The
analysis of the classroom discourse is often conducted under the assumption of

Vygotsky’s sociocultural perspective.
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2.2. A Vygotskian Perspective on Teaching and Learning Science

In this study, Vygotsky’s sociocultural perspective was adopted to examine the
relationship between teacher discursive moves and students’ reasoning quality in
different level of ABI implementation. Therefore, in this section, Vygotsky’s

sociocultural perspective will be discussed with respect to learning and teaching.

2.2.1. A Vygotskian Perspective on Learning Science

According to Vygotsky (1978), learning occurs in both social and individual levels.
Vygotsky indicates:

Any function in the child’s cultural development appears twice, or on two planes. First
it appears on the social plane, and then on the psychological plane. First it appears
between people as an interpsychological category, and then within the child as an
intrapsychological category. This is equally true with regard to voluntary attention,
logical memory, the formation of concepts, and the development of volition. We may
consider this position as a law in the full sense of the word, but it goes without saying
that internalization transforms the process itself and changes its structure and
functions. Social relations or relations among people genetically underlie all higher
functions and their relationships. (Vygotsky, 1931, p. 163).

The main idea of Vygotsky's sociocultural perspective is that learning involves a
journey from social plane to comprehension of the individual. In the social plane, a
group of learners rehearses the ideas by means of language as well as various
semiotic mechanisms that can be referred to as communication tools (symbols,
diagrams, writing, gestures etc.) (Mortimer and Scott, 2003). In this study, the social
plane comprised of teachers and their students in science classroom. Teacher
discursive moves have a potential pedagogical tool for facilitating students'
meaningful learning on the social plane. The semiotic mechanism utilized in the
social exchange enables an individual to think. From this point of view, it is
concluded that the learning occurs from social to individual plane with social tools.
The socio-cultural perspective has led researchers to examine the nature of
interactions occurring in classrooms instead of focusing solely on students’ learning
outcomes (Lehesvuori, 2013; Lemke, 1990; Mortimer & Scott, 2003). This study
investigated the relationship between students’ reasoning quality as a students’

cognitive contribution (individual plane) and teachers’ discursive moves
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(interaction in social plane). Scott (1997) indicates “language is absolutely
fundamental to thought and learning. It is not the case that language provides the
means to communicate internally developed products of cognition; language
provides the very means though which personal cognition occurs.” (p. 12).
Therefore, language is considered as a tool that increases an individual's thinking
(Lemke, 1990; Mercer, 1995). From the sociocultural perspective, there are three
types of “scientific”, “everyday” and “school science” social languages (Mortimer
& Scott, 2003). The everyday social language enables means of thinking and talking
about the phenomenon that occurs around learners. Vygotsky (1987) defines the
learners’ everyday social languages as a spontaneous conceptualization. For
example, individuals usually talk about the concept of “rising and setting of sun” in
everday social language. This way of talking allows to promote the view of sun
moving across the space instead of the view of Earth rotating around the sun. The
everyday social language consists of views that are called “alternative conception”
as well as “misconceptions” in the literature (Mortimer & Scott, 2003). Therefore,
everyday and scientific social language are different from each other. Moreover, real
science conducted in the professional setting is different from school science
performed in the school setting. The school science depends on social and political
constraints and school science emphasizes the idea defined in the national

curriculum (Mortimer and Scott, 2003).

2.2.2. A Vygotskian Perspective on Teaching Science

The main aspect of Vygotskian teaching perspective, zone of proximal development
(ZPD), is defined by him as: “the distance between the actual developmental level
as determined by independent problem solving and the level of potential
development as determined through problem solving under adult guidance or in
collaboration with more capable other” (Vygotsky, 1978, p. 86). The concept of
scaffolding is the guidance given to learners through their ZPD (Mercer & Littleton,
2007). According to Bruner (1978) “[Scaffolding] refers to the steps taken to reduce
the degrees of freedom in carrying out some task so that the child can concentrate
on the difficult” (p.19). As a form of scaffolding, teacher discursive moves are the

main components of classroom discourse to facilitate students' learning. In this
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study, the fluctuation among teachers’ discursive moves in different implementation

levels was investigated.

Science teaching can be viewed as introducing social language of school science
(Leach & Scott, 2002). Moreover, the role of teacher is significant for introducing
the social language of school science for students. Based on the Vygotskian
perspective, in order to mediate meaningful learning, teaching sequence involves
three important aspects: staging the scientific story, supporting the student
internalization and hanging over responsibility to the students. The stage of

teaching sequence is related to the phases of the ABI.

1) Staging the scientific story: The scientific points of views are referred as
scientific story. The overall aim of this stage is that scientific story (i.e., the
Buoyant Force) is made available to the whole class. Staging the scientific story
involves the beginning interaction between students and teachers during ABI
implementation (Soysal, 2017) as the context of this study.

2) Supporting student internalization: In this stage, teacher supports students to
make sense of scientific points of views and internalize them. This stage is
corresponded to the role of the teachers that supports students in the Vygotsky’s
notion of ZPD. While students conduct their scientific investigation, teachers
scaffold the students’ meaning making of the topic discussed before on the social
plane of classroom within the ABI implementation (Soysal, 2017).

3) Hanging over responsibility to the students: Teacher enables students to apply
scientific knowledge of the view for their internalization. In the whole group
negotiation of the ABI implementation, student groups are engaged in the
discussion where students support their claim with the evidence, challenge about
their claims. This learning setting allows teachers to give responsibility of their

own learning to them (Soysal, 2017).

2.3. Analyzing of Classroom Discourse

In education literature, studies focus on how conceptual understanding is developed

through language and other communication tools (Scott et al., 2006). Various studies
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emphasize, from different perspectives, the significance of classroom discourse in
science education (see, for example, Lemke, 1990, Mortimer, 1998; Mortimer &
Scott, 2003; Scott, 1998). Classroom discourse moves beyond the classroom talk. It
includes interaction between student-student, teacher-student as well as their points
of view (Smart & Marshall, 2013). As mentioned above, in this study, sociocultural
perspective of Vygotsky was adopted to examine the relationship between teachers’
discursive moves and student’s reasoning quality in different levels of ABI

implementation.

Lemke (1990) analyzed the classroom discourse with respect to thematic and
organizational pattern. The organizational pattern concerns how students and
teachers interact with each other in a classroom discourse. In the pattern of
interaction, the teacher begins with a question, the students respond, the teacher
evaluates or poses a question on the student response, referred to as triadic dialogue.
Triadic IRE (I stands for initiation- R stands for response-E stands for evaluation) is
performed in the dialogue as teachers-student-teacher sequence (Mehan, 1979).
Instead of giving evaluative feedback to students’ responses, the teachers may ask
follow-up questions in order to elaborate the students’ response. This pattern of
interaction corresponds to IRF sequence (F stands for feedback or follow-up)
(Sinclair & Coulthard, 1975). In the current studies, pattern of interaction is
commonly used and evaluated as a criterion in the comparison of changes in the
classroom discourse (Benus, 2011). The patterns of interaction that appear in the
science classroom are the consequences of the interaction between various variables.
The aim and content of the lesson determine the teacher’s instructional strategy, in
turn, affects the pattern of interaction and teacher’s contribution to the classroom

discourse (Scott et al., 2006)

Moreover, Mortimer and Scott (2003) developed the framework related to the
various aspects of the classroom discourse in order to analyze and characterize how
teachers guide the classroom talk to promote student learning in science classrooms.
The framework is based on Vygotsky’s sociocultural perspective and is developed
through longitudinal teacher PD program (see, e.g., Mortimer, 1998; Mortimer &
Scott, 2000; Scott, 1998). Mortimer and Scott’s framework consists of five aspects
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that are classified as focus, approach and action with respect to teaching as seen in
Table 2. As previously mentioned, the sociocultural perspective was used in this
study; hence, it was reasonable to utilize data-based and theory-based sociocultural
framework for the purpose of this study. The framework can be the best option to

explore the classroom discourse (Soysal, 2017).

Table 2. The Analytical Framework of Classroom Discourse

Focus 1. Teaching Purpose 2. Content
Approach 3. Communicative Approach
Action 4. Patterns of the discourse 5. Teacher Interventions

Note. Reprinted from Meaning Making in Secondary Science Classroom (p. 25) by Mortimer, E., and
Scott, P., 2003, UK: McGraw-Hill Education.

1. Teaching Purpose: The first aspect of the framework addresses the question
regarding what to purpose of this part of the lesson with respect to science
teaching is.

2. Content: The second aspect of the framework focuses on the nature of knowledge
that is discussed between teacher and students through the part of the lesson.

3. Communicative Approach: As the central to the framework, communicative
approach concerns the ways that teachers work with students in order to deal with
students’ ideas during the classroom discourse.

4. Pattern of the discourse: This aspect of the framework centers on the pattern of
discourse between students and teachers in the classroom talk.

5. Teacher intervention: Teacher intervention can be called as a teacher discursive
move. This aspect of the framework addresses the question as regards how

teachers act for meaning making in the classroom discourse.

In this study, the aspects of the communicative approach and teacher intervention
were adopted from Mortimer and Scott’s (2003) framework in order to examine the
relationship between teacher discursive moves and students’ reasoning quality in
different levels of ABI implementation. Moreover, the fluctuation among
communicative approach enacted by teacher was examined in different levels of

ABI implementation.
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The aspects of communicative approach may be utilized to determine whether points
of view are considered as well whether interaction between students and teacher
occurs or not (Mortimer & Scott, 2003). In order to delineate the classroom talk,
Mortimer and Scott (2003) describe four essential types of communicative approach
on two dimensions; dialogic/authoritative and interactive/non-interactive as seen in

Table 3.

Table 3. The Types of Communicative Approach

Interactive Non-Interactive
Dialogic Interactive / Dialogic Non-interactive / Dialogic
Authoritative Interactive/ Authoritative Non-interactive/ Authoritative

Note. Reprinted from “Meaning Making in Secondary Science Classroom”, by Mortimer, E., and
Scott, P., 2003, p. 25, UK: McGraw-Hill Education.

The use of the term “dialogic” is different from Bakhtin’s perspective. According
to Bakhtin, all of the discourses have to be dialogic, consisting of a non-
interactive/authoritative approach (Mortimer & Scott, 2013). Mortimer and Scott
agree with Bakhtin’s ideas suggesting that “we have chosen to use the word
‘authoritative’ (while acknowledging the underlying dialogic nature of the
interaction). Additionally, we have chosen the word ‘dialogic’ to contrast with an
authoritative communicative approach so that we can draw upon the dialogic
meaning of recognizing others’ points of view. Thus, according to our definition,
we are clear that in dialogic discourse the teacher attempts to take into account a
range of students’, and others’, ideas.” (p. 122). In dialogic discourse, teachers are
open to various points of view. In other words, exchanges of ideas between student
and teacher are not essential in the dialogic discourse. For example, the classroom
discourse can be dialogic when teachers voice dominates the classroom discourse.
Similarly, the classroom discourse can be authoritative when interaction between
teacher and students occurs. Scott et al. (2006) compare the authoritative and
dialogic discourse with respect to basic definition, typical features, teachers’ role,
teachers’ intervention and demands on students in the science classroom. As seen

in Table 4, teachers’ discursive moves are differentiated in the discourses
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Table 4. Key Features of Authoritative and Dialogic Discourse

Authoritative Discourse

Dialogic Discourse

Basic definition

Typical features

Teacher’s role

Teacher’s
interventions

Demands on
students

o focusing on a single perspective,

normally the school science view

direction prescribed in advance
clear content boundaries

no interanimation of ideas
more than one point of view
may be represented but only one
is focused on

authority of teacher is clear
teacher prescribes direction of
discourse

teacher acts as a gatekeeper to
points of view

ignores/rejects student ideas
reshapes student ideas

asks instructional questions
checks and corrects

constrains direction of
discourse, to avoid dispersion

to follow directions and cues
from the teacher

to perform the school science
language following the
teacher’s lead

to accept the school science
point of view

e open to different points of view

e direction changes as ideas are

introduced and explored

e no content boundaries
e variable

(low-high)
interanimation of ideas

e more than one point of view is

represented and considered
teacher assumes a neutral
position, avoiding evaluative
comments
greater symmetry in teacher—
student interactions
prompts student contributions
seeks clarification and further
elaboration
asks genuine questions
probes student understandings
compares and contrasts
different perspectives
encourages initiation of ideas by
students
to present personal points of
view
to listen to others (students and
teacher)
to make sense of others’ ideas
to build on and apply new ideas
through talking with others

Note. Reprinted from “The tension between authoritative and dialogic discourse: A fundamental
characteristic of meaning making interactions in high school science lessons,” by Scott, P.H.,
Mortimer, E.F., & Aguiar, O.G. 2006, Science Education, 90(7), p. 628.

The term “dialogic” has been linked with the various ranges of classroom talk

(Lehesvuori, 2013). According to Alexander (2004), dialogic inquiry includes

promoting students’ reasoning and conceptual understanding of science. He defines

the essential elements of dialogic approach: collective, reciprocal, supportive,

cumulative and purposeful. Lehesvuori (2013) argues that according to the

Alexander, dialogic teaching can be integrated in all parts of the teaching process.

However, the dialogical approach is seen as a type of the communicative approach

that can be chosen with respect to the purpose of the instruction (Mortimer & Scott,

2003).
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Mortimer and Scott’s framework implies that the quality of teaching relies on a
strategic use of any kind of communicative approach at the different parts of the
lesson rather than the fact that any type of communicative approach is inherently
better (Mercer et al., 2009). The type of communication approach used in science
teaching depends on the purpose and the content of the lesson (Mortimer & Scott,
2003). Moreover, Scott et al. (2005) have highlighted that there must be a tension
between authoritative and dialogic discourse to support meaningful learning in
science classrooms. In other words, it is also stated that one type of discourse
initiates the other one during meaning making in science classroom. For example, a
teacher might conduct a scientific explanation about climate change in order to help
students to discuss about the reasons for climate change. (Pimentel & McNeill,
2013). That is, teachers perform authoritative discourse when they have to use a
social language of school science. In their study, it is also suggested that
authoritative discourse provides support for classroom talk if it does not dominate
the classroom discourse. The changes of the communicative approach in classroom
talk refer to the rhythm of the discourse (Mortimer & Scott, 2003). In ABI teaching,
teachers use both authoritative and dialogic discourse to support meaningful

learning in science education.

There were many studies that examined the pattern of discourse in the science
classroom. In the educational literature, it is commonly accepted that IRE sequence
often leads to the authoritative approach, whereas IRFRF sequences are related to
the dialogic approach (van Booven, 2015). In the dialogic sequence, different views
are explored involving students in extended sequence of talk rather than evaluating
students’ responses as in the authoritative sequence (Mortimer & Scott, 2003). To
put it differently, while there is more than one view in the dialogic sequences, only
one point of view is given attention in the authoritative sequences. Similarly,
authoritative oriented questions seek predetermined answers, however dialogic
oriented questions tend to elaborate different points of views (van Booven, 2015).
In science education literature, there are many attempts to identify whether triadic
patterns promote or go counter to the aims of the inquiry-based approach (Aguiar,
Mortimer, & Scott, 2010; Chin, 2006, 2007; Nassaji & Wells, 2000; Scott,
Mortimer, & Aguiar, 2006; Tan & Wong, 2012; van Zee & Minstrell, 1997a).
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Some researchers in the field of classroom discourse have a tendency to underline
the important role of dialogic question sequences on supporting student-centered
learning and teaching instead of authoritative question sequence (Chin, 2006, 2007;
Roth, 1996; Russell, 1983; van Zee, Iwasyk, & Kurose, 2001; van Zee & Minstrell,
1997a, 1997b). On the other hand, others suggest (Aguiar et. al., 2010; Nassaji &
Wells, 2000; Mortimer and Scott, 2013) that there must be a balance between
performing authoritative and dialogic approach depending on the purpose of the
lesson (As cited in van Booven, 2015, p. 1185). In other words, one of these
approaches is not intrinsically good or bad in the classroom discourse. Tytler and
Aranda (2015) state that “the effective orchestration of these moves involves a
balance between the exercise of authority by the teacher to introduce and establish
scientific knowledge at the same time as allowing room for students to explore the
meaning of these often new and challenging ideas, in their own language and terms.”
(p. 428). In addition to these studies, the meaning and format of pattern of discourse
are investigated by Soysal (2019). In his study of systematic review, Soysal (2009)
concludes that although many researchers indicate that the format of the classroom
discourse (triadic dialogue or open-ended sequence) is connected to the meaning of
the classroom discourse (authoritative or dialogic), the aims of the discursive moves
of teacher can change the expected results. For example, traditional triadic pattern
may serve the dialogic discourse. In order to look at classroom discourse in detail,

teachers discursive moves will be examined.

2.3.1. The Role of Teachers’ Discursive Moves on Classroom Discourse

Based on Vygotsky’s perspective on development and learning, learning occurs in
the social context by means of language and other semiotic tools. In other words,
learners rehearse the ideas among them primarily by way of talking on the social
context (Mortimer and Scott, 2003). Therefore, classroom talk allows teachers to
help students for making sense of scientific concepts. The concept of assistance of
teachers through the zone of proximal development offers that teachers can lead
classroom discourse on the social plane to promote student’s conceptual
understanding (Chin, 2006). This emphasizes the significance of classroom

discourse between teacher and student, which can be seen as a type of scaffolding
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(Bruner, 1986). Moreover, teacher discursive moves are described as
communicative tools that provide meaning making of science concepts for students
(Leach & Scott, 2002). Teacher discursive moves are important for giving students
an opportunity to reason and to learn science (McNeill & Pimentel, 2010; Tytler &
Aranda, 2015). Teachers’ discursive moves might be wholly verbal (mimics,
gestures, body posture, tone of voice) and nonverbal (verbalization) behaviors
enacted by the teacher. This might lead us to think that the teachers’ roles containing
discursive moves or intervention enacted by them affect the classroom discourse.
(Mortimer and Scott, 2003). Not only teacher questioning but also other comments

and moves affect the classroom talk in science lessons (van Zee et al., 2001).

A group of researchers (e.g., Barnes and Told, 1977; Chin, 2007; Kim & Hand,
2015; Mortimer & Scott, 2003; Pimentel & McNeill, 2013; Tytler & Aranda, 2015)
proposed some analyses of discursive moves performed by teachers to construct
meaning through classroom talk. The common feature of these studies is to include
fine-grained analysis of classroom talk within the sociocultural context. Moreover,
the utterance of teachers is often assigned to the related categories like this study.
For example, Tytler and Aranda (2015) developed a coding schema for expert
teachers to guide classroom talk. They found that teachers discursive moves were
categorized into three main categories: eliciting and acknowledging (e.g.,
acknowledging, marking, affirming), clarifying (e.g., requesting confirmation, re-
voicing) and extending (e.g., requesting elaboration, challenging directly).
Moreover, their coding schema of discursive moves overlapped with earlier coding
schema developed by a great number of researchers (see, for example, Alexander,
2006; Scott, 1998). However, their coding schema of discursive moves was more
extensive and particular in their description (Tytler and Aranda 2015). In this study,
the code category of Soysal (2019) was used in order to investigate the fluctuation
of teacher discursive moves enacted by teachers in the different levels of ABI
implementation. Soysal (2017) developed a code catalogue of discursive moves by
reviewing related literature. In the Soysal’s (2017) code catalogue of TDMs, the
discursive moves are located on continuum between authoritative and dialogic.
Authoritative moves could be a logical exposition, a narrative, a selective summary,
and foregrounding and backgrounding, transmitting knowledge, rejecting or
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accepting students’ response against scientific knowledge. Dialogic moves could be
prompting, extending, elaborating students’ response, encouraging for justifying
and challenging ideas, asking for comparing and contrasting various ideas, asking
for clarification and tossing back. Authoritative moves of teachers limit students’
contribution to the classroom talk while dialogic moves allow students to contribute
to the classroom discourse. In the ABI approach, teachers are required to perform
both authoritative and dialogic discursive moves (Soysal, 2017). Tytler and Aranda
(2015) indicate the occurrence of rhythm of the discourse where both approaches

are played out in inquiry-based teaching.

Based on Vygosky’s sociocultural learning perspective, the quality of classroom
discourse on the social plane is associated with the students’ learning outcomes.
Specifically, it is obvious that researchers examine the impact of teachers discursive
moves on the interaction patterns of classroom talk (Chin, 2007), students’ cognition
(Aranda & Tyler, 2015; Chin, 2007; Hardy, Kloetzer, Moeller & Sodian, 2010;
Kilig, 2016; Martin & Hand, 2009; Soysal, 2017; van Booven, 2015), meaningful
learning, students’ perceptions toward scientific practices and knowledge (Moje,
1995; Zeidler & Lederman, 1989) as well as student's collaboration skills in a group
(Gillies & Khan, 2009). The learning outcome is associated with the effectiveness
of teaching. In the next chapter, the change of teacher discursive moves through

their progress will be explained.

2.3.2. The Change of Teacher Discursive Moves Through Teachers

Pedagogical Progression

In the ABI approach, the use of discursive moves affects the quality of classroom
discourse. For example, TDMs can enhance the students’ participation as well as the
interaction between student-students and student-student interaction. Therefore,
students’ learning outcomes are enhanced. In this study, teacher discursive moves
were explored with respect to the implementation level of ABI as one of the criteria
of an effective classroom discourse. It is significant to comprehend the norms of
classroom talk and to use a variety of discursive moves for a change in the classroom

discourse (Polman & Pea, 2001; Tabak & Baumgartner, 2004). Researchers have
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explored the characteristics of classroom discourse patterns with respect to various

aspects through different quality of teaching practices.

Researchers mainly examined the difference between various implementation levels
regarding teacher questions (see, for example, Benus et al., 2013; Cikmaz, 2014;
Gunel, Kingir & Geban, 2012; Kilig, 2016; Martin & Hand, 2009). Erdogan and
Campbell (2008) examined the differences between the types and numbers of
teachers’ questioning in the low level of constructivist teaching practices (LLCTP)
and high level of constructivist teaching practices (HLCTP). The level of teaching
practice corresponded to the quality of teaching practices. The type of teacher
questioning was analyzed as regards three categories that were open-ended, close-
ended, and task-oriented questions. They found a significant difference in the total
number of questions posed by teachers. Furthermore, teachers in the high level
utilized significantly more open and close-ended questions than teachers in the low-
level. Therefore, they associated the total number of questions with effective
constructivist teaching practice. On the other hand, Martin and Hand (2009) state
that the total number of close-ended questions should be decreased to change the
focus of the lesson from authoritative discourse to dialogic discourse. Gunel et al.
(2012) examined the quality of teacher questioning in different levels of ABI
implementation. It was found that teachers in high level asked questions that helped
students talk while teachers in low level evaluated student responses as “yes” or
“no”. Moreover, it was stated that increased level of teachers’ questions was related

to the negotiation happening in the classroom.

Benus (2011) investigated the patterns of dialogues that were performed by an
experienced teacher through argument-based inquiry implementation and how the
teacher promoted the agreeability of ideas in the pattern of dialogue. It was found
that the experienced teachers conducted three types of whole-class dialogue; teacher
talking to (TT) students, teacher talking with (TW) students and teacher thinking
through (TH) ideas with students. These types of dialogues were based on previous
studies (Edwards & Mercer, 1987; Mercer, 1996; Mortimer & Scott, 2003). The
study revealed that as time progressed, the teacher increasingly performed thinking

through (TH) ideas with students in the patterns of the dialogue. In addition, students
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were more involved in dialogue as time progressed. The study also showed that the
teacher encouraged students regularly to be involved in consensus-making activities.
Meanwhile, students without the support by the teacher asked each other whether

they agreed or disagreed with each other's ideas.

Kim and Hand (2014) conducted a study with six elementary teachers in order to
investigate the argumentation discourse in different quality levels of argument-
based inquiry teaching. The quality of teaching was determined using Reformed
Based Observation Protocol (RTOP). The participants of the study included three
teachers with high RTOP scores, one teacher with medium RTOP score and two
teachers with low RTOP score. There was no difference in discourse patterns in
teacher classroom with medium and low RTOP score; therefore, the teacher with
low RTOP score was included in teachers with medium RTOP score. The
researchers came up with four categories of classroom characteristics emerging from
analysis of classroom videos; “structure of teacher and student argumentation,
directionality, movement and structure of student talk”. Firstly, the structure of
teacher and student argumentation characteristic indicated that teachers and students
in the class with the high RTOP score showed more challenging, supporting,
rejecting, and defending than the teachers and students in the class with medium and
low RTOP score with respect to argumentation. Secondly, the finding about
directionality characteristic revealed that teachers with medium and low RTOP
score tended to give explicit information more frequently than the teachers with high
RTOP score. Thirdly, teachers with high level showed more tendency to circulate
around the class during interacting with the students. Finally, the frequency of using
evidence, defined as the structure of student talk, was higher in the high-level than
low and medium level. Similarly, other studies indicated that the implementation
level of ABI increased, students generated more evidence-based claims (Benus et

al., 2013; Martin & Hand, 2007).

Alexander et al. (2017) conducted a project titled “Classroom talk, social
disadvantage and educational attainment: raising standards, closing the gap” with
Science, Mathematics and English teachers in order to enhance the quality of their

classroom talk, in this way, they improved students’ meaningful learning and their
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contribution to classroom talk. Teachers in the intervention group participated in a-
20-week PD program that focused on a dialogic teaching developed by Alexander
(2007). In this programme, intervention teachers worked on teacher talk moves
which elaborated and expanded students’ responses. Firstly, they realized that
teachers in the intervention group asked more open-ended questions than in the
control group. Secondly, intervention teachers enacted more discursive moves of re-
voicing, rephrasing, promoting students to make evidence-based reasoning,
challenging and asking for justification. Thirdly, students in the intervention

teachers’ class performed greater challenge, argumentation and analysis.

Overall, the implementation level of ABI has been investigated regarding different
perspectives in this study. However, there is little evidence about how teachers move
toward higher implementation level of ABI. In this study, the frequency of
occurrence of TDMs was determined and compared in different implementation
levels. Moreover, the quality of classroom discourse is directly associated with the
students’ learning outcomes (Nystrand et al., 1997). In the next chapter, this

relationship will be described in a detailed way.

2.3.3. The Relationship Between Teacher Discursive Moves and Students’

Cognitive Contribution

Cognitive contribution explains how students take advantage of classroom discourse
pioneered by teacher discursive moves (Soysal & Yilmaz-Tuzun, 2019). Thus, the
change in cognitive contribution means how students’ gains increase or decrease in
the learning environment guided by teacher discursive moves. In the literature,
students’ cognitive contribution was examined in the qualitative and quantitative
ways. The quantitative contribution was investigated with respect to the number of
questions that students asked (Cikmaz, 2014) and the proportion of student talk
(Martin & Hand, 2009; Soysal & Yilmaz-Tuzun, 2019) in the studies. Moreover, the
students’ cognitive contribution was examined with respect to students’ cognitive
pathway (Grimberg & Hand, 2019; Kilig, 2006), reasoning quality (Soysal &
Yilmaz-Tuzun, 2019; Yilmaz, 2016) and argumentation structure (Martin & Hand,

2019) by using various frameworks.
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Research has been conducted on the relationship between interaction patterns of
classroom discourse and students’ cognitive contributions. Traditional classroom
discourse often includes triadic pattern of interaction (e.g. IRE) where the teacher asks
questions, students respond, then the teacher evaluates students’ response against
canonical knowledge of science with little interactions among students (Macbeth, 2003;
Mehan, 1979). In inquiry-based science classrooms, only traditional science discourse
patterns do not occur since these patterns rely on teachers-oriented instruction and
questions whom answer is known (Polman & Pea, 2001). The major difference between
inquiry and non-inquiry classroom environment with respect to cognitive process is the
teachers’ discursive moves to student’s responses. In the inquiry classroom, teacher
questioning as a type of discursive moves aims to promote students to expand on their
previous answers instead of evaluating the correctness of students’ response (Roth
1996). In the IRE (initiate-response-evaluation) pattern, students’ contribution is
restricted as a short or one-word response (McNeill & Pimentel, 2010). Aranda and
Tytler (2015) investigated the discursive moves of six expert teachers who conducted
inquiry teaching in their classrooms. They have concluded that participant teachers
enact various discursive moves that go beyond the traditional triadic pattern (IRE)
where there is a limited opportunity for elaboration of students’ responses. Moreover,
these teachers prompted student’s response in various ways; however, they seldom gave
an evaluation to students’ response. Aranda and Tytler (2015) maintain that these
discursive moves enable students to advance thinking instead of directing scientific
explanation in a way unrelated to the students’ response and thinking. Also, Driver et.
al. (2000) conclude that teachers might have inadequate skills requiring shifting from
traditional triadic pattern (IRE) to more dialogic pattern of interaction although this
approach is suggested by the national curriculum (Alozie, Moje & Krajcik, 2010).
Mercer and Littleton (2007) have proposed strategies in order to go beyond the IRE
interaction pattern, for example, prompting students’ responses, asking open-ended
questions, giving other students an opportunity to respond before evaluating student’s
response. Finally, the third move of the triadic pattern is associated with the students’
cognitive contribution to the classroom discourse. On the other hand, Mortimer and
Scott (2003) argue that the classroom discourse should include both types of interaction

patterns depending on the aims of the lesson.
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Chin (2006), on the other hand, concludes from his study that when teachers perform
discursive moves that elaborate students’ answers as a third move rather than
evaluating student’s response, students will reach high order thinking skills (e.g,
hypothesizing, deducing). Similar to Chin’s (2006) findings, van Booven (2015) has
found that “the fixed nature of authoritative-centered questioning can dramatically
limit students’ opportunities to demonstrate higher order scientific understanding,
while dialogic-centered questions, by contrast, often grant students the discursive
space to demonstrate a greater breadth and depth of both canonical and self-
generated knowledge.” (p. 1198). In addition, van Zee and Minstrell (1997a) offer
“a reflective toss” as a feedback moves of IRE sequence. These discursive moves
give students responsibility of thinking. van Zee and Minstrell (1997b) also propose
the contribution of “reflective toss” as follows: 1) make their meanings clear, 2)
consider a variety of views, 3) monitor the discussion and their own thinking. While
recent research has shown that authoritative discursive moves limit students’

contribution, dialogic discursive moves support students students’ contribution.

Some studies have indicated that there is a positive relationship the structure of teacher
questioning (open-ended and closed-ended question) and students’ cognitive
contribution, which refers to the quality of student talk (Martin & Hand, 2009; McNeill
& Pimentel, 2010). Open ended questions such as asking for inference, justification,
and judgement (Blosser, 1973) enable students to explain their own ideas and thoughts.
McNeill and Pimentel (2010) have concluded that open-ended questions promoted
students to be involved in argumentation with respect to offering evidence and evidence
for their knowledge claims as well as allowing dialogic interaction among students.
Similarly, Martin and Hand (2009) have examined the factors that teacher’s effort to
change their own pedagogical practices in order to carry out Argument-Based Inquiry
approach. They have reached a conclusion that as teachers change their practices from
teacher-centered teaching to student-centered teaching, teachers will ask more open-
ended questions instead of close-ended question. In their study, this change in the
teacher questioning has helped to increase student voice. Student voice is determined
by looking into the proportions of the lesson time which belongs to students. Increasing
student voice allows them to use elements of argumentation such as making evidence-
based claims and refuting others claim. On the other hand, Boyd and Rubin (2006) argue
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that the contingent questions increase the student’s contributions rather than the open-
ended questions. This means that an open-ended question that do not rely on students’

previous utterance may not expand student talk.

Soysal and Y1lmaz-Tuzun (2019) have investigated the relationship between teacher
discursive moves and students’ cognitive contribution with respect to reasoning
quality and the structure of observed learning outcomes (SOLO) in quantitative and
qualitative manner. The researchers have developed the code catalogue of TDMs
considering the related literature which includes eight main categories and twenty-
one subcategories. They have found that all dialogic discursive moves do not
increase the qualitative contribution of students. Communicating discursive moves
such as probing, clarifying and elaborating as well as monitoring discursive moves
might increase students’ voice in the classroom discourse, but not the quality of
student talk. Moreover, evaluation-judging-challenging discursive moves not only

increase student voice but also the quality of classroom talk.

In addition to teachers’ discursive moves, teachers’ beliefs are important for framing
teachers’ moves (Nespor, 1987; Torff & Warburton, 2005). Pimentel and McNeill
(2013) investigated five secondary science teachers' approach during classroom
dialogue and their beliefs related to the science talk. The participant teachers were
involved in PD program that emphasized strategies and approaches to increase
students’ classroom discussion. The data were collected through interviews and
video recordings of lessons. They found that students made limited contributions to
discussion like a short sentence response that did not involve reasoning. In addition
to students’ contributions, it was found that teachers rarely asked probing questions
and request students to comment on a student's response. Their study highlighted
why teachers adopted an authoritative approach during classroom talk although they
believed student-centered discussion as the ideal. Teachers suggested the reasons
for the limited students’ contributions as follows: inadequate prior knowledge of
students, time pressure and feeling incapable of involving students in discussion
effectively. That is why, the PD program is needed to support the classroom

discourse for the students’ meaning making process.
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2.3.4. Need for Change in Teachers’ Discursive Moves through the

Professional Development Programme

Current research as well as national and international reform movements indicate that
discourse should be a more important component of conceptual learning in classroom
settings (Alexander, 2005). On the other hand, however, teachers mostly have difficulty
in engaging students in classroom discourse (McNeill & Krajcik, 2008). Therefore,
teachers should be supported for improving their classroom discourse by means of PD
programs (Benus et al., 2013; Kazemi & Hubbard 2008; Pimentel & McNeill 2013).
The components of PD program have an important role to meet the requirements for
changing their discursive practices in their classroom (Zaccarelli et al., 2018).
Unfortunately, Sparks and Hirsh (2007) indicate that many teachers are not involved in
an effective PD program. In Turkey, PD programs often include “one-shot session, sit-
and get and one size fits all approaches” (Budde, 2011, p. 21) without an ongoing
support. In the review of related literature, Desimone (2009) states that there are five
significant components of PD program. Current studies consist of these main
components as essential aspects of PD programs (Desimone, 2009). These components
are as follows; 1) content focus: that offers teachers pedagogical and content knowledge
in PD program 2) active learning: opportunities for teachers to be involved in
negotiation among themselves and to examine student work rather than listening to the
trainer 3) coherence that focus on teachers’ beliefs, pedagogical content knowledge and
background of their school 4) adequate duration with respect to time spent in the
programme and regular meetings 5) collective participation: opportunities that enable
interaction among themselves. In this study, participant teachers have implemented ABI
in their classroom within the context of PD program that meets these criteria. NRC
(1996; 2000) underlines a key role of PD program in developing teachers' understanding

and implementation skills of inquiry-based approach.

Similar to Desimone (2009), the ongoing support should facilitate teachers to
integrate what they have learned from the PD program into their classroom (Darling-
Hammond, 2000). Darling-Hammond et al. (2009) state that the duration of PD
program is directly related with the student and teacher learning outcomes. It is

apparent that effective PD programs have to be considered as a process rather than
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an event (Loucks-Horsley et al., 1987, 1998). Martin and Hand (2009) have stated
that the change of teacher practice will last at least 18 months. Moreover, the
progression of teacher pedagogy can be viewed as a continuous and an ongoing
effort (McLaughlin & Marsh, 1978). In the literature, teacher’s pedagogical change
is investigated in the short-term PD program (Benus et al., 2013). In this respect, in
the literature, it is needed to explore teachers’ pedagogical improvement in a

longitudinal and sustained PD program.

2.4. Summary of Literature Review

In this chapter, existing related literature and theoretical frameworks of this study are
presented. Argumentation is described as an individual and a social process. In the
literature review, the reasons for choosing immersion approach among the three
argument-based approaches have been discussed with respect to the needs of the study.
As one of the immersion approaches, ABI approach can be implemented in a different
quality. Moreover, the implementation quality of ABI approach as one criterion of
quality of classroom discourse is directly associated with the students’ cognitive
contributions. The framework of classroom discourse has been explained as regards
Vygotsky’s sociocultural learning and teaching perspective. Thus, classroom discourse
as a factor of determining quality of ABI has been deeply analyzed through in-depth
and fine-grained sense. Research on the ABI provides little insight about how the
classroom discourse change as their pedagogical progression toward ABI. Moreover,
recent research shows that there is little evidence about the relationship between the

teacher discursive moves students’ and reasoning quality.
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CHAPTER 3

METHOD

This chapter will present the methodology of this study that aims to investigate the
classroom discourse with respect to teachers’ discursive moves, communicative
approaches and students’ reasoning quality in teachers’ medium and high level of
ABI implementation. First, the research design of this study will be addressed.
Afterwards, the context of the study, data collection and analysis, trustworthiness of
the study as well as the limitation of the study will be respectively discussed in

detail. Following research questions are investigated in this study.

1. What are the discursive moves (TDMs) performed by teachers in the medium and
high levels of ABI implementation?

2. What are the communicative approaches performed by teachers in the medium
and high levels of ABI implementation?

3. What is the relationship between teachers' discursive moves and students'
reasoning quality in medium and high levels of ABI implementation with

different science contents?

3.1. Research Design of the Study

In this study, qualitative research approach was used in order to address the research
questions. Qualitative inquiry is to find out what people do and tell or to “get grasp,
hear, catch and comprehend” what something means (Grant, 2008, p. 1). In the
qualitative research, data are collected from participants in their natural settings or
in a place (Creswell, 2007; Stake, 1995). In this context, data were collected from
teachers’ classrooms by means of video-recording in order to investigate the
differences between classroom discourse in medium and high levels of ABI

implementations.
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As a qualitative research approach, a case study research design was utilized to
answer each research question in this study because it allowed the researcher to
understand the classroom discourse in two teachers’ medium and high levels of ABI
implementations. According to Sanders (1981), "case studies help us to understand
processes of events, projects, and programs and to discover context characteristics
that will shed light on an issue or object" (p. 44). Similarly, a case study is proposed
if the problem to be focused "relates to developing an in-depth understanding of a
'case' or bounded system" (Creswell, 2007) , and if the purpose is to understand "an
event, activity, process, or one or more individuals" (p. 496). For this study, the
cases were two elementary science teachers. The types of case studies are
categorized as intrinsic, instrumental, or collective (multiple) regarding the aim of
the study (Stake, 1995). While an intrinsic study focusses on a specific individual,
group of individuals to understand the phenomenon, a multiple case study is used
when more than a single case is included in the study. A researcher is involved in
an instrumental study in order to deeper understand a theoretical problem rather than
only further than only a specific case. In this study, multiple cases have been
selected purposefully in order to represent various perspectives on the problem
(Creswell & Poth, 2018). The multiple case study provides researchers with
identifying differences or similarities within as well as across the cases (Yin, 2003).
Therefore, findings are replicated across the case. In this study, classroom discourse
in different levels of ABI implementation was identified within individual (Teacher
A and B) cases. Then, cross-case analysis was carried out to explore the differences
and similarities among the results of both cases. The reason for conducting cross
case analysis was to investigate differences and similarities among classroom
discourse and student’ reasoning in teachers’ medium and high level of ABI
implementation although the contents of ABI implementation and students’ grade

levels were different for each case.

3.1.1. The Participants

For the present study, the participants were two elementary science teachers who
agreed to participate this study voluntarily, and their students in their classrooms

where teachers implemented ABI approach. Within the scope of the project, ethical
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permission was obtained before starting the project. Moreover, signed consent forms
were taken from teachers and students regarding their approval for data collection
with video-recording during the classroom implementations. In order to ensure the
confidentiality of the participants' identity, these two teachers were referred to as
Teacher A and Teacher B in this study. Purposeful sampling was used to make
selection among the teachers who have attended PD program within the scope of the
project. In this study, the criteria for purposefully selecting the teachers were the
level of teachers’ ABI implementations. Hence, the researcher mainly focused on
the differences between classroom discourse in the teachers’ medium and high

levels of ABI implementations.

The participant teachers were voluntarily involved in a 3-year longitudinal PD
program (5 academic semesters) conducted within the scope of the project funded
by The Scientific and Technological Research Council of Turkey (TUBITAK),
Project No, 109K539. For the selection of participant teachers, the data of State
Planning Organization whose current name was the Ministry of Development were
used regarding the provinces’ development level. In the study of the Socio-
Economic Development Ranking Survey of Provinces and Regions published by
State Planning Organization in 2003, provinces were evaluated with respect to
social and economic parameters; thus, they were classified with respect to the level
of development. In this project, there were 15 participant teachers from provinces
with 5 different development level. The development level of provinces of teachers

in this study will be given below.

The main aim of this project was to help students learn science concepts and increase
their scientific literacy by using ABI approach. In addition, it aimed to change
teachers’ learning perceptions, pedagogical practices and epistemological beliefs
towards student-centered approach where scientific thinking was dominant in
classrooms. Therefore, the PD program was conducted to increase the participants
teachers’ pedagogical understanding and implementation skills of ABI teaching in
middle school science classroom, in turn, increase students’ reasoning skills and
motivation towards science. To this end, the content and structure of PD program

was built on data-driven evidence, practice-based understanding and expectation of
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educational reform. The content and structure of PD program will be further

explained in detail.

The PD program consisted of three major parts as following: in-service trainings,
on-going support and measurement and assessment activities as given in Table 5.
Within the scope of the project, a total of five in-service trainings were conducted
during the 3-year project. Participant teachers attended a five-day-in-service training
at the beginning of each semester. Each in-service teacher training focused on
specific themes that were important for ABI approach. The themes of each in-service
teacher training were as follows; introduction of argument-based inquiry teaching,
the importance of questioning, the evaluation of ABI classroom implementation, the
change in teachers’ pedagogical practice and sharing of classroom experience and
teacher negotiation cycle. Although each training had a particular theme, there were
three key components of training program. First, each training enabled teachers to
question their beliefs and perceptions towards learning and teaching. Second, the in-
service teacher trainings gave an opportunity to the participant teacher to experience
an argument-based inquiry as learners. This activity which teachers experienced as
a learner not only lightened the value and joy of ABI learning but also allowed
teachers to be aware of and reflect on their own learning process. Third, the teachers
were engaged in curriculum preparation activities to implement the inquiry-based
teaching in their own classrooms in the following academic year. In these activities,
they constructed concept maps, identified big ideas of a unit, generated a series of
inquiry activities, and discussed about the evaluation tools as well as potential
obstacles to be faced during the classroom implementations. Within the PD
program, ongoing supports (online and on-site support) were given to the participant
teachers of the project. Through ongoing support, teachers were allowed to improve
their ABI implementation in their classroom by giving feedback on teachers’
classroom implementation. Finally, teachers were allowed to improve their ABI
implementation in their classroom by giving feedback on teachers’ classroom

implementation.
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Table 5. The Part and Content of the PD Program

The Parts of PD program The Aim
In-service ~ Pedagogical discussion about To enable teachers to make reflection on their
Teacher teaching and learning belief and practices about teaching and learning
Trainings
Experience of ABI To enable teachers to experience ABI
implementations as a learner implementation as a learner
Curriculum Preparation To enable teachers to make preparation of
Activities ABI implementation with their colleague.
On-site Support To support teachers to increase the

effectiveness of their ABI implementations in
their classroom

Measurement and Assessment Activities To give feedback teachers on their classroom
practices.

3.1.1.1. Teacher A and the Students

Teacher A was 30 years old. She taught science to 6th, 7th, and 8th grade students for two
years in a public school. At the beginning of the project, teachers were suggested to
implement ABI in the 6™ or 7 grade level in order to follow student’ outcomes at least
two years due to the purpose of the project mentioned before. However, this did not seem
possible for all teachers because of their school dynamics and schedules. In other words,
according to the number of science teachers in their school and academic program,
teachers entered one or more than one grade levels in that an academic year. Teacher A
taught science to the only 6th grade students in the second year of the project during which
data were collected. The school of Teacher A was in the Kayseri province which was at
the 2™ level of development according to the study of the Socio-Economic Development
Ranking Survey of Provinces and Regions published by the State Planning Organization.
Teacher A’s information related to the ABI implementation is given in Table 6. Moreover,

the content of the ABI Implementations of Teacher A is given in Table 7.

3.1.1.2. Teacher B and the Students

Teacher B was 40 years old. She taught science to 6th, 7th, and 8th grade students for
seventeen years in a public school. The school of Teacher B was in the Siirt province
which was at the 5™ development level. Teacher A taught science to only the 8th grade
students in the second year of the project when data were collected. Teachers B’s
information related to the ABI implementations is given in Table 6. Moreover, the content

of the ABI Implementations of Teacher B is given in Table 7.
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Table 6. Information Related to the ABI Implementations of Teachers

Tea Implement Grade Topic of the Total Duration of Number of
cher ation Level Lesson duration of ~ Whole-Class  Students
Level lesson Discussion Girls Boys
(min) (min)
Medium 6th Force and Motion 80 57 13 15
High 6th Lightand Sound. 120 65 13 15
B Medium 8th Reproduction, 120 58 14 21
Growth and
Development
High 8th Electricity in Our 120 57 14 21
Lives
TOTALS 440 237 27 36

As seen in Table 6, Teacher A and Teacher B implemented ABI in different science topics
at different grade levels. The total number of students in Teacher B’s class was more than
in Teacher A’s class. The number of girl and boy students in Teacher A's class was close
to each other, while the number of boy students in Teacher B's class was higher. The
duration of the lessons was the same except “Reproduction, Growth and Development”
implementation since students only conducted a discussion in a small group rather than
carrying out their experiment like other implementations. The whole group discussion
was analyzed in this study since there was not any recording of the small group

discussions.

3.2. The Context of the Study

3.2.1. Implementation of Argument-Based Inquiry

In this study, the implementation of ABI consisted of three phases as follows; 1) initial
discussion, 2) scientific investigation of student, 3) whole-class discussion. In the initial
discussion, the teachers conducted discussion about the science topic (for example; factors
that affect brightness of the bulb) in order to reveal the prior knowledge of students. This
negotiation gave an opportunity to students to realize to what extent they had knowledge
about the topic. The purpose of the initial negotiation was that students had a potential to
form their research questions. In the scientific investigation of the students, they were
allowed to ask their questions that they wondered to investigate as a group through
negotiation with each other. In the meantime, teachers supported small group discussions
by posing questions such as “do you agree with your friend about this? why do you want

to investigate this question?”. These types of questions allowed the students to reflect on
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their thinking and to trigger the negotiation among small groups. Later, students were
requested to conduct their investigation with given materials in order to address their
questions. At the end of their scientific investigation, they were asked to make their claim
based on the evidence. During the second phase, the students wrote the process and
findings of their scientific investigation on the investigation/lab manual. In the whole-
class discussion, they presented their work by using argument structure that was question-
claim-evidence to the whole class. After each group presentation, whole class discussion
was carried out, which enabled the students to negotiate their claims with each other. At
the end of the whole group discussion, the students were asked to fill in the discussion

part of their investigation/lab manual individually.

3.2.2. Science Content of ABI Implementation

Participant teachers conducted ABI implementation in different science contents as seen
in Table 7. In this study, the relationship between teacher discursive moves and students’

reasoning quality was also examined in different science contents considering the students

understanding of science concepts as well as detecting their misconceptions.

Table 7. The Content of the ABI Implementations of Teachers

Curricular Content Characterizing Description
unit concepts
Force and Buoyancy Buoyancy, Students negotiated the
Motion dynamometer, factors that affect buoyancy
mass, volume, such as, the type of liquids,
gravity, gravity types of substance by
force, floating, conducting their investigation.
sinking
Teacher  Lightand Sound Sound, vibration, Students were given an
A Sound sound wave, opportunity to investigate the
molecules, sound factor that affects propagation
frequency, of sound as well as sounds’
propagation of thickness through negotiation
sound within small and whole group.
Reproduction, Reproduction,  Sperm cell, egg Students were
Teacher Growth and Growth and cellf sperm tail, involved in n@gotiation about
B Development  Development fertilization, the relationship between
in Human zygote, embryo, sperm cell, egg cell, embryo
cell division and baby
Electricityin ~ Conductivity Electric, resistance,  Students negotiated the factors
Our Lives insulator, that affected the electric

conductive, ohm,

conductivity of substance, such
as; the type, length and
thickness of the wire while
engaging in their investigation.
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3.2.3. The Criteria for Teachers’ Level of ABI Implementation

Within the framework of the project in which teachers were involved, their
implementation level of ABI was determined by Reformed Teaching Observation
Protocol (RTOP) (Sawada et al., 2002) that was an instrument to measure “reform
practices in math and science” (p.245). Original RTOP developed by Piburn and his
colleagues (2000) is designed to evaluate “the reformed” teaching implied by
NCTM (1989, 1991, 1995, and 2000) and the National Science Education Standards
(NRC, 1995) and to enable a score to the extent which reform-based teaching
practices are implemented. Then, Martin and Hand (2009) modified the instrument
in order to undertake the alignment between components of argument-based inquiry
mentioned in the chapter of literature review and original RTOP’s items.
Researchers found that 13 items of RTOP, which were related to the argument-based
inquiry teaching practice, were classified into four categories: student voice (5
items), teacher role (2 items), problem solving and reasoning (5 items), and
questioning (1 items) (Martin & Hand, 2009). The modified RTOP is used to
determine the teachers’ level of ABI implementation. The description of the
categories is as follows: 1) Student voice: allowing students to share their ideas 2)
Teacher role: giving students an opportunity to take on responsibility of their own
thinking, problem solving process 3) Problem solving and reasoning: promoting
students to find out their problem-solving method instead of explaining method and
asking reasons for their solution method. 4) Questioning: asking open-ended
questions to students (Akkus, 2007). Previous research showed that teachers levels
of ABI teaching were associated with the teachers RTOP’s score (Cavagnetto et al.,
2010; Martin & Hand, 2009). In the scope of the project, three items were added to
the RTOP category of questioning since one item was not enough to measure teacher
questioning as provided in Table 8. When looking into categories and items, the
overall items of RTOP reflect enacted teachers’ discursive moves and
communicative approaches. However, in this study, fine-grained analysis of

teachers’ discursive moves was conducted.
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Table 8. RTOP Categories

- The instructional strategies and activities respected students’ prior knowledge and the
preconceptions inherent therein.
- The focus and direction of the lesson was often determined by ideas originating with
Student students.
Voice - Students were involved in the communication of their ideas to others using a variety
of means and media.
- There was a high proportion of student talk and a significant amount of it occurred
between and among students.
- Student questions and comments often determined the focus and direction of
classroom discourse.
- The teacher acted as a resource person, working to support and enhance student
Teacher investigations.

Role - The metaphor “teacher as listener” was very characteristic of this classroom.
Problem - This lesson encouraged students to seek and value alternative modes of investigation
solving or of problem solving.

and -Students were actively engaged in thought-provoking activity that often involved the

reasoning critical assessment of procedures.
- Students were reflective about their learning.
- Intellectual rigor, constructive criticism, and the challenging of ideas were valued.
- Active participation of students was encouraged and valued.
- Students were encouraged to generate conjectures, alternative solution strategies,
and/or different ways of interpreting evidence.
Questioning - The teacher’s questions triggered divergent modes of thinking.
- Questioning to encourage student’s investigation
- Teacher’s questioning to promote students’ negotiation and multi- person
conversation
- Opportunity for learners to pose their own questions
Note. Reprinted from “Changes in A Science Teacher’s Pedagogical Practices and Beliefs Following
ABI: Onsite Ongoing Professional Support”, by Erdal, F. 2018, p. 60, Unpublished master’s thesis.
METU, Ankara, Turkey.

Each item of observation protocol is scored zero to four-point. While the meaning of
zero point is that the related teaching practices have never happened in the classroom,
the meaning of four point is that related teaching practices have been very descriptive
of the classroom. Within the scope of the project, teachers’ implementation levels of
ABI teaching were categorized with respect to the score of RTOP based on related
research (Akkus & Hand, 2011; Martin & Hand, 2009). In this study, the overall RTOP
scoring between 2 and 3 equaled to medium level of ABI implementation while the

overall RTOP scoring between 3 and 4 equaled to high level of ABI implementation.

3.3. Data Collection

The data source of this study was classroom videos of two science teachers involved in
a 3-year longitudinal PD program. As mentioned in the context of this study, during the

PD program, the teachers participated in training at the beginning of each semester and
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conducted the ABI implementation in their science classrooms. Classroom videos were
recorded by means of a video-camera. Teachers were requested to record their ABI
implementation through video-recorder in order to evaluate their ABI implementation
by the researchers of the project. Moreover, it was reminded that a video recorder had
to be located at a convenient place in the classroom to capture all the students’ voices
and images. Teachers were also proposed to record group discussion during the ABI
implementation while they were walking between the groups. The recording of the
whole classroom discussion was used as data source because all group discussions were
not recorded with any recorders. The duration of the whole class discussion and content
of each implementation is given in Table 6. All of the classroom videos were transcribed
verbatim to analyze classroom discourse with respect to TDMs, communicative

approaches enacted by teachers and students’ reasoning qualities.

3.4. Data Analysis

In order to investigate classroom discourse in the teachers” medium and high levels of
ABI implementations, transcribed data were analyzed by means of the systematic
observation, a branch of the discourse analysis (Mercer, 2010). Systematic observation
fundamentally includes assigning observed interaction to previously certain categories
and it is adopted to reach quantitative description. Therefore, numerical comparison can
be done across and within data sample (Mercer, 2010). In this study, systematic
observation contributed considerably to understanding of classroom discourse within
and across the cases in this study (Coll & Edwards, 1997). The analysis of transcribed
classroom videos was carried out in three steps as follows; forming episodes, coding
and counting. The systematic observation consists of coding and counting (Mercer,
2010). Firstly, transcriptions of classroom videos were broken into the episodes based
upon discussion of the topic during the ABI implementation This means that the change
of topic points out a different episode. The student and teacher utterances were taken
into account while determining different episodes. In the example given below, while
the appearances of sperm and eggs were discussed, the teacher’s bold utterance initiated
to discuss new topic. Therefore, the bold teacher utterance was the sign for the new
episode. Moreover, the individual (teacher or student) who initiated the episode varied

across the implementations.
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T: What does egg look like?

A: Egg looks like a circle.

T: What does sperm look like?

S: Sperm looks like a snake.

S: I agree with my friends.

T: Well kids, I'm curious about something now. Why now they may be
different? What would be the reason?

S: One of them is male and the other is female.

The number of talks of turn and the episodes are given for each implementation of

both teachers in Table 9.

Table 9. The Number of Talks of Turn and the Episode for Each Implementation of

Teachers
Teacher A Teacher B
Medium  Level High Level Medium Level  High Level
Implementation Implementation Implementation Implement
ation

The number of talk of 459 413 557 575

turn

The number of the 17 12 21 16

episode was initiated by
the teacher

Secondly, teacher and student utterances were assigned to the codes in the code
catalogues. In this study, the researcher trained herself with the help of external coders
during the coding processes through regular discussion meetings. Three types of coding
were conducted to address the research questions. In the systematic observation, the
code catalogues are either developed by the researchers or off-the-shelf system is used
by them (Mercer, 2010). The code catalogues developed by other researchers were used.
Teacher utterances were coded using the coding catalogues of teacher discursive moves
(TDMs) (Soysal, 2019). In order to investigate the relationship between student’
reasoning quality and TDMs, student utterances were coded using coding categories of
students’ reasoning quality (Furtak et al., 2010). Moreover, the episodes of the lesson
that consisted of teacher and student utterances were analyzed using the types of

communicative approach (Mortimer & Scott, 2003). After the coding processes, the
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number of coding of teacher and student utterances was counted so as to reveal the
percentages and frequencies of occurrence of types of discursive moves,
communicative approaches enacted by teachers as well as the typology of students’

reasoning.

Systematic observation has also inherent limitations which are “ambiguity of meanings,
the temporal development of meanings, and the fact that utterances with the same
surface form can have quite different functions.” (Mercer, 2010, p. 4). Moreover, in
systematic observation the classroom discourse is assigned to the specific categories of
moves since classroom talk is regarded as a continuing and dynamic process. In order
to overcome the limitations of systematic observation, contextual issues were

considered through analyzing the classroom videos in this study.

3.4.1. Code Catalogue of Teacher Discursive Moves (TDMs)

Teacher discursive moves were analyzed in order to answer the first research question
of this study. Soysal’s (2019) code catalogue of TDMs was utilized. This catalogue
consists of 10-category, 34 sub-category and more than 200 analytic codes that show
the types and functions of discursive moves as seen in Table 10. These analytic codes
were also used in the study of Soysal and Yilmaz-Tuzun’s (2019) and Soysal’s (2017,
2018). It is argued that a wide variety of teacher discursive moves was analyzed by
using code categories of TDMs. The catalogues of other studies were developed based
on theory-based and data-driven. In other words, when developing code catalogues, not
only existing literature but also emerging data were considered by Soysal (2017, 2018)
and Soysal and Yilmaz-Tuzun (2019). In this study, study-specific TDMs were
emerged; that is, these discursive moves were not involved in Soysal’s (2017; 2018
2019) and Soysal and Yilmaz-Tuzun’s (2019) catalogues. Lincon and Guba (1985)
state, when necessary, the catalogue should be redefined through adding codes based
on a new study. In this sense, new codes were added to the catalogue of discursive
moves when the new teacher discursive moves appeared in the data. The observed
teacher discursive moves with the definition of the sub-categories as well as the

examples will be given in the Appendix B.
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Table 10. The Code Catalogue of TDMs

Higher-order Sub-categories as TDMs Sample Utterances
categories
Knowledge Presenting logical expositions “Scientists refer the union of the sperm cell and the
Providing & egg cell as zygote”.
Evaluating (KPE) Soft evaluation “Two sperms can enter the egg at the same time”
Affirmation-cum-direct-instruction *
Direct affirmation *
Rejecting “It is not aluminum”
Verbal cloze “Then the weight and lifting force....”
Observe- Asking for simple comparison  “Is there any difference between male and female voices?”
Compare-Predict ~ Asking for making prediction “If you carve a stone, will the stone sink or float in the
(OCP) water?”
Asking for making observations “Did the stone sink?”
Communicating Probing “Why do the eggs and sperms have different shapes?”
(COM) Requesting for clarification “You said that if nickel-chrome wire is connected to the end
of the copper wire, the electric conduction is the middle of
the two. What do you mean, the middle of the two?”
Reformulating “You're saying that the research question must be provable.”
Embodying “For example, you have unpeeled lemon and peeled lemon.”
Monitoring & Enacting procedural/conceptual *
Framing (MOF) meta-discourse
Focusing “Your friends just said that “zygote occurs after the
sperm has entered the egg”
Monitoring (type-1: on-moment) “I'm asking why we would forcibly sink a ball into the
water.”
Monitoring (type-2: prospective) “Don't forget about this, we'll talk about it later.”
Monitoring (type-3: retrospective) “Your friend said something about a million sperms.”
Summarising (consolidating) “You said that all liquids apply buoyancy to objects
and the direction of buoyancy is opposite to the
direction of the object’s weight. But you said the
amount of buoyancy can vary.”
Selecting *
Asking about mind-change *
Evaluating- Asking for evaluation (student-led) “what do you think about what your friend says?
Judging- Asking for evaluation (case-based) “when we throw a metal coin into the water, it sinks,
Critiquing (EJC) and a big ship does not. Why is that?”
Asking for evaluation (teacher-led) *
Challenging Challenging (by playing devil’s “Although I bend the wire, the electricity continues
(CHAL) advocate role) to pass.”
Praising student-led challenging *
Challenging (by monitoring) “You say more than one sperm get to egg, but you
just said one sperm gets to the egg.”
Seeking for Praising use of evidence *
Evidence (SFE) Prompting for EBR “How do you know the earth isn't conducting electricity?”’
Referring in-text information *
(evidence)
Asking for making attachment *
Labelling and Asking for assigning labels “What we call it (Fb) briefly?”
naming (LAN)
Inferencing (INF) Asking for drawing conclusions “What did you draw from this experiment?”’
Ensuring mutual Asks for providing maintenance “Let's listen to your friend's explanation, do not
respect (EMR) interfere, then ask your questions”
Note. Reprinted from “Fen Ogretiminde Ogretmenin sdylemsel hamlelerinin 6grenenlerin akil

yiiriitme kalitelerine etkisi: S6ylem analizi yaklasimi,” by Soysal, Y. 2019, Journal of Qualitative
Research in Education, p. 1006-1007. *Not detected in this study.
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In order to address the first research question, teachers’ utterances were assigned to
the code catalogue of TMDs. The teacher utterances were excluded from the data
when the teacher talked about something not related to the lesson. To deal with
inherent limitations of systematic observation, context was considered during the
coding procedure. Firstly, teacher utterances were assigned to predetermined
categories considering not only verbal talk but also non-verbal talk (for example,
gesture, body movement, mimics etc.) since the non-verbal talk of teachers could
change the categories of enacted discursive moves. For this reason, coding was
carried out on not only transcriptions but also video-recordings. For example, what
teachers say to “yes” nodding her head means the teacher accepts students’ response.
Secondly, the teacher utterances were coded within the context. This means that the
same discursive moves in the implementation may correspond to the different
purpose of discursive moves. Finally, study specific codes were added to the
categories when necessary. After coding, the frequencies and percentage of TDMs
were determined in both implementation levels to investigate fluctuations among

discursive moves in different levels of ABI implementation.

3.4.2. The Framework of Communicative Approach

In order to address the second research question, each episode was assigned to the
type of communicative approach. After coding, coded communicative approach was
counted. The frequencies and percentages of communicative approach were

determined in both implementation levels.

In the book of Meaning Making in Secondary Science Classrooms, Mortimer and
Scott (2003) introduce five aspects of the analytic framework in an effort to describe
discourse occurring in science classroom. These five aspects are as follows; 1)
teaching purposes, 2) content, 3) communicative approach, 4) patterns of discourse
and 5) teacher intervention (discursive moves). In this study, enacted
communicative approach and discursive moves by teachers were handled in order
to identify the differences between classroom discourse in medium and high levels
of ABI implementations. In order to identify the type of communicative approach

performed by teachers, the framework for analyzing the communicative approach
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was used in this study. There are four main classes of communicative approach that

classifies the talk between students and teachers.

Scott, Mortimer and Aguiar (2006, p.611-612) defined the classes of communicative

approach as can be seen below.

1. Interactive/dialogic: Teacher and students consider a range of ideas. If the level
of interanimation is high, they pose genuine questions as they explore and work
on different points of view. If the level of interanimation is low, the different
ideas are simply made available.

2. Noninteractive/dialogic: Teacher revisits and summarizes different points of
view, either simply listing them (low interanimation) or exploring similarities
and differ- ences (high interanimation).

3. Interactive/authoritative: Teacher focuses on one specific point of view and leads
students through a question and answer routine with the aim of establishing and
consolidating that point of view

4. Noninteractive/authoritative: Teacher presents a specific point of view.

3.4.3. The Framework of Quality of Student Reasoning

In order to address the third research question, students’ utterances were assigned to
reasoning typologies of student response. This framework (Furtak et al., 2010;
Hardy et al., 2010; Shemwell and Furtak, 2010) was developed based on previous
studies in order to examine to what extent reasoning happened in the science
classroom discourse (Furtak et al., 2010). The four elements of reasoning are as
follows “premise, claim, data, evidence, rule” that characterize the main functions
of teachers and students’ utterances in the science classroom discourse (Furtak et
al., 2010, p.18). The premise is the utterance’s subject that includes the claims,
whereas claims are usually defined as a verb that defines the situation of subject.
For instance, the student utterance of “the stone will sink” includes a premise that is
the subject of student utterance (“the stone”), and a claim that is the verb of the
student utterance (“will sink). The backing for the claim-premise utterance has

been frequently indicated with the “because” in explicit or implicit ways. There are
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three types of backing of utterances; namely, data, evidence and rule. The detailed
description of elements of reasoning is given in Appendix A. There are four types
of reasoning as seen in Table 11. The least complicated reasoning includes any
supporting; refers to unsupported. The partial reasoning only depends on data or
evidence, refers to phenomenological. More complicated reasoning is supported by
evidence with the comparing subjects referring to relational. The most complicated

reasoning includes scientific reasoning, referring to rule-based.

Table 11. The Quality of Reasoning in Science Classroom Discourse

Quality of Reasoning Definition Description Diagram

Unsupported No reasoning Elements of reasoning present, but no Premise <— — Claim
processes of reasoning: pseudo,
circular, or tautological reasoning

Phenomenological Data-based Data applied to a claim Premise <— — Claim
reasoning 0
Data
Relational Evidence-based Evidence applied to a claim, Premise <— — Claim
reasoning including analysis of data 0
Evidence
T
(Data)
Rule-based Inductive or 1. Deductive reasoning (top-down), Premise <— — Claim
deductive applying a rule to make a claim 0
rule-based with respect to a new premise Rule
2. Inductive reasoning from data to 0
rule (Evidence)
3. Applying a rule with new evidence 0
(exemplifying with analogy) (Data)

4. Complete reasoning structure
(whole framework)

Note. Reprinted from “A framework for analyzing reasoning in science classroom discourse” by
Furtak, E. M., Hardy, 1., Beinbrech, T., Shavelson, R. J., & Shemwell, J. T., 2008, March. In Paper
to be presented at the Annual Meeting of the, American Educational Research Association, New

York, NY.

Students utterances were coded as out of coding in following situations 1) a lot of
students talked at the same time (for example, it will sink, it will float), 2) students
talked about the concepts unrelated to the topics, 3) student could not complete their
sentence and 4) students’ voice was not heard because of classroom noise.
Moreover, students’ utterances were coded within the context considering the
previous, next students’ utterance as well as teachers discursive moves. In this
respect, coding was made by combining more than student’s utterances belonging
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to the same student in following situations 1) teachers asked questions to students
in order to extend students’ response 2) students continued to talk after the teacher
cut off students’ response. In addition to evidence-based reasoning video framework
(Furtak et al., 2010), students’ questions that were asked to each other or to their
teachers were also coded as type of the students’ reasoning that was not included in
the framework of quality of student reasoning. Finally, student’s utterances were
coded considering not only reasoning quality but also conceptual understanding. In
other words, when the student utterances were not scientifically correct, it was coded
as unsupported. First, when students’ explanations were not consistent with the
scientific view of knowledge (for example, “the gravity of liquid is less than air
because of density difference”), their utterance was coded as unsupported. Second,
when students could not support their claim with any backing (for example, “I think
Huseyin’s idea is illogical. We don't think we have to find what he says”), their
utterance was also coded as unsupported. After coding, the frequencies and
percentage of student reasoning quality were determined in both implementation

levels.

3.4.4. Individual Case Analysis

The individual case analysis was carried out for Teacher A and Teacher B in order
to addresses each research question. The fluctuations among teachers discursive
moves and communicative approach enacted by teachers in different
implementation levels were given with frequencies, percentages and excerpts.
Moreover, the relationship between teacher discursive moves and students’
reasoning quality was explained with frequencies and percentages regarding the

different science contents.

3.4.5. Cross-Case Comparison

The cross-case comparison was conducted between the frequencies and percentages
of Teachers A and Teacher B discursive roles and communicative approach as well
as the relationship between students’ reasoning quality and teacher discursive moves

in both levels with the examples of ABI implementations. The aim of this
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comparison across the case was to identify similarities and differences of results of

each case considering different science contents and students’ grade levels.

3.5. Trustworthiness of the Study

In the qualitative study, there are three main factors for determining the
trustworthiness of it. These are namely; credibility, transferability and dependability
(Lincoln & Guba, 1985). The ways of addressing the factors in this study are

explained below.

One of the significant factors is the establishing the credibility for ensuring
trustworthiness of the study (Lincoln & Guba, 1985). This being the case, the
technique of “peer debriefing” (Lincoln & Guba, 1985) is used. Guba (1981) defines
peer debriefing as providing “inquirers with the opportunity to test their growing
insights and to expose themselves to searching questions” (Guba, 1981, p. 85).
During the analysis of the collected data and interpretation of the results, discussions
were conducted with advisor of this study and academic staff in the field of science

education to address the research questions.

Transferability is defined as to what extent the results of qualitative study is applied
to another context (Merriam, 1998; Tobin & Begley, 2004). In this study, the
transferability was established through ‘purposeful sampling” and ‘thick
description’ (Bitsch, 2005, p. 85). In order to reach the aim, this study included thick
description of the PD program, teachers discursive moves, student’ reasoning
quality, coding procedures as well as the ABI implementation, which allowed other
researcher to repeat this study in different settings. Moreover, two participant
teachers were selected through purposeful sampling that offered deeper findings

rather than other sapling methods (Cohen, Manion, & Morrison, 2011).

Dependability is described as “the stability of findings over time” (Bitsch, 2005,
p.86). In this study, dependability was established utilizing “stepwise replication”
and “code-recode strategy”. The coding of teacher discursive moves,

communicative approaches and students’ reasoning quality was conducted by not
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only researcher but also external researches. Firstly, researcher coded the teacher
utterance using the catalogue of TDMs and student utterance using evidence-based
reasoning catalogue and compared their results. Moreover, the researcher discussed
the result of the coding until reaching a 80% inter-rater agreement in the coding of
TDMs, a 90% inter-rater agreement in the coding of communicative approach as
well as a 90% inter-rater agreement in the coding of students’ reasoning quality.
Similar to coding, RTOP was scored by two researchers until reaching a 90% inter-
rater agreement. Secondly, the coding of teacher and student utterance was
conducted twice by researcher (author) in order to establishing intra-rater

agreement.
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CHAPTER 4

RESULTS

This chapter will introduce the main findings of the analysis described in the earlier

chapter. The research questions given below will be addressed.

1. What are the discursive moves (TDMs) performed by teachers in the medium and
high levels of ABI implementation?

2. What are the communicative approaches performed by teachers in the medium
and high levels of ABI implementation?

3. What is the relationship between teachers' discursive moves and students'
reasoning quality in medium and high levels of ABI implementation with

different science contents?

For each research question, first, the findings of the teachers are presented as
individual cases. Then, the similarities and differences in the teachers’ performances

are presented using cross-case analysis.

4.1. The Comparison of Discursive Moves of Teachers in Medium and High

Levels of ABI Implementation

In order to address the first research question, the characteristics of the two teachers’
level of ABI implementation are presented. Then, the relationships between
characteristics of ABI implementation levels and the teachers’ discursive moves are
compared. Teachers’ level of ABI implementation was determined with RTOP
(Piburn et al., 2000). RTOP scoring range between 2 and 3 corresponds to medium
level of ABI implementations and the range between 3 and 4 corresponds to high
level of ABI implementations. In this study, teachers in medium and high levels of

ABI implementation were characterized with respect to four categories of RTOP:
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student voice, teacher role, problem solving and reasoning and questioning. Both of
the teachers’ ABI implementations were categorized as medium level for their first
unit of teaching. For the second unit of teaching, their ABI implementations were
categorized as high level. RTOP scoring of Teacher A and Teacher B in each level

of ABI implementation is given in Table 12.

Table 12. The RTOP Scoring of Each Category in Teacher A’s and Teacher B’s
Medium and High Levels of ABI Implementation

Teacher A (6" grade) Teacher B (8" grade)
RTOP Categories RTOP Scoringin RTOP RTOP Scoring  RTOP
Medium Level Scoring in in Medium Scoring in
High Level Level High Level

Student Voice 2.3 32 2.6 3.1
Teacher Role 24 3.5 2.8 3.2
Problem Solvingand 2.3 3.2 24 3.0
Reasoning

Questioning 2.6 34 2.3 2.9
General 24 33 2.5 3.0

The descriptions of RTOP categories for medium and high levels of ABI

implementation are given below.

Medium Level of ABI Implementations: In terms of student voice as the first category
for medium level of ABI implementation, interaction among students has been
frequently observed in the classroom discourse. The teacher considers the students’
prior knowledge to construct on and contribute to the topic that is already discussed
in medium level of ABI implementation. Hence, many students are involved in
discussion where the direction of lesson depends on students’ ideas and questions.
Students utilize at least two model representations (graphics, tables and models etc.)
in one fourth of the lesson in medium level. As the second category, teacher role
measures to what extent a teacher is “a resource person” and “teacher as listener” in
the classroom discourse. In other words, this category examines how the teacher acts
to students’ response for promoting student thinking and how s/he guides students’
investigation. In medium level of ABI implementation, teacher listens to the
student’s ideas; however, s/he also has a tendency to evaluate the students’
responses. In addition, students are active within the boundaries of the teacher's

teaching agenda in medium level.
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As the third category, problem solving, and reasoning explains how the teacher
promotes students’ reflection, and how students are encouraged to find alternative
solutions. Additionally, students are engaged in the analysis of phenomenon by
comparing and contrasting ideas in medium level. As the last category, teacher
questioning determines how the teacher prompts her/his questions in the classroom
discourse. The teacher asks questions that encourage students to evaluate each other

less in medium level.

High Level of ABI Implementations: In terms of student voice, the students talk with
each other more frequently in the classroom discourse during high level of ABI
implementation. Moreover, the teacher stimulates students’ prior knowledge before
introducing the topic and opens the topic based on their knowledge. Therefore, most
of the students are involved in a discussion where students’ ideas and questions
determine the flow of the lesson. Moreover, the students use different modal
representations more frequently in the classroom discourse. As regards teacher role,
teachers not only listen to students’ ideas but also expand their ideas by giving
feedback on their response. In addition, the teacher facilitates student involvement
in their learning process depending on the students’ ideas. With respect to problem
solving and reasoning, the students made reflection on what they learn more
frequently in high levels of ABI implementation. As regards teacher questioning,
teachers intend to ask questions that encourage students to evaluate each other more

frequently in high levels.

The teachers’ discursive moves were coded by using Soysal’s (2019) code catalogue
of TDMs. However, when it was necessary, codes (i.e., throw, modelling) were
added by considering other studies (Soysal, 2017; 2018; Soysal & Yilmaz-Tuzun,
2019). Moreover, the new codes were emerged from the data analysis of this study.
These codes are asking for recalling, asking for alternative response and passive re-
voicing. The observed TDMs in this study is given with the detailed description and
the examples in Appendix B.

For both teachers, the teacher discursive moves were observed in ten categories: (1)

knowledge providing and evaluation (KPE), (2) science process skills (SPS), (3)
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communicating (COM), (4) monitoring and framing (MOF), (5) reflective discourse
(RED), (6) challenging (CHAL), (7) seeking for evidence (SFE), (8) modelling
(MOD), (9) labelling and naming (LAN) and 10) ensuring mutual respect (EMR).
Various discursive moves enacted by Teacher B in the medium level of ABI

implementation are given in Table 13.

Table 13. The Example of the Different Discursive Moves Performed by the Teacher B

Turn Speaker Utterance Discursive Moves

213 T Are we talking about the egg membrane? Requesting for clarification

214 S Teacher, cell membrane No Coding

215 T Cell membrane // Yes, aren’t we talking Accepting//Monitoring (on-
about cells here? We're talking about the moment)
egg cell.

216 S Yes No Coding

217 T Is that so? Your friend says that the Monitoring (Retro)/Asking for
membrane of the egg cell can be torn. He evaluation (student-led)
says there's something coming in. Do you
think it can be torn?

218 S No No Coding

219 T Does it enters the egg without being torn? Probing//Embodying //Asking
How does the egg enter into the cell? /Do for making prediction
you think it is torn? Saniye?

220 S Yes it does, they said that one sperm enters ~ No Coding
the egg, then how is the twin child formed?

221 S They enter at the same time. No Coding

222 T Two sperms may be entering at the same Accepting
time.

223 S There's only one sperm coming in. No Coding

224 T A friend of yours just said there's only one. ~ Monitoring (retrospective)
Who was that?

225 S Me No Coding

226 T It was Mehmet. Then how are twins Challenging (devil)

formed?

This example is taken from Teacher B’s medium level of ABI implementation.

4.1.1. Teacher A

The frequencies and percentages of occurrence of the discursive moves enacted by
Teacher A in the medium and high levels of ABI implementation are given in Table
13. Although the majority of the discursive moves was the COM (34% in the high
level, 40% in the medium level) in both levels of ABI implementations, CHAL,

SFE, MOD, LAN and EMR discursive moves were rarely or never performed.
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Table 14. The Frequency and Percentage of TDMs in Both Levels of Teacher A

Categories and Subcategories of TDMs Medium Level High Level
Frequency  Percentage  Frequency  Percentage
Knowledge Providing & Evaluating (KPE) 54 24 19 10
Presenting logical expositions 10 4 3 2
Affirming 30 13 13 7
Rejecting 0 0 0 0
Verbal cloze 8 4 2 1
Asking for recalling 6 3 1 1
Science Process Skills (SPS) 38 17 27 15
Asking for simple comparison 17 8 15 8
Asking for making prediction 20 9 8 4
Asking for making observations 1 0 4 2
Asking for establishing inference 0 0 0 0
Communicating (COM) 75 34 74 40
Probing 26 12 25 13
Asking for alternative response 3 1 5 3
Requesting for clarification 14 6 7 4
Reformulating 2 1 18 10
Passive re-voicing 18 8 19 10
Embodying 12 5 0 0
Monitoring & Framing (MOF) 41 18 38 20
Focusing 8 4 6 3
Monitoring (type-1: on-moment) 15 7 14 8
Monitoring (type-2: prospective) 1 0 6 3
Monitoring (type-3: retrospective) 9 4 6 3
Summarizing 8 4 6 3
Challenging (CHAL) 2 1 0 0
Challenging (by playing devil’s advocate role) 2 1 0 0
Challenging (by monitoring) 0 0 0 0
Reflective Discourse (RED) 3 1 18 10
Asking for evaluation (student-led) 1 0 12 6
Asking for evaluation (case based) 2 1 0 0
Asking for evaluation (teacher-led) 0 0 0 0
Throwing 0 0 6 3
Seeking for Evidence (SFE) 1 0 1 1
Modelling (MOD) 0 0 3 2
Labelling and Naming (LAN) 1 0 0 0
Ensuring Mutual Respect (EMR) 8 4 6 3
TOTAL 223 100 186 100

Moreover, the fluctuation in the teacher’s discursive moves through his pedagogical
progression is also shown in Figure 1. The change of teacher discursive moves in
different levels of ABI implementation is discussed with Teacher A’s RTOP scoring in
each category as mentioned earlier. The change in the percentages of TDMs is explained
as follows; the highest and lowest changing or unchanging percentages in the teacher
discursive moves by considering the categories of TDMs. However, when the sub-
categories of TDMs were examined, there were also the highest changing percentages

in the some moves (i.e., affirming, asking for prediction, reformulating, embodying and
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asking for evaluation student-led) toward Teacher A’s pedagogical improvement

toward ABI.
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Figure 1. The Fluctuation in the Discursive Moves Through Teacher A’s
Pedagogical Progression

4.1.1.1. The Highest Changing Percentages in Teacher Discursive Moves

Communicating (COM), reflective discourse (RED) and knowledge providing and
evaluating (KPE) moves were the highest changing percentages in teacher discursive
moves when Teacher A’s level of ABI implementation improved from medium to high
level. The highest increasing percentages were observed in RED (9%) and COM (6%)
moves while the highest decreasing percentage was observed in KPE (14%) through
pedagogical progression of Teacher A. This showed that as the Teacher A’s level of
ABI implementation improved, the teacher focused on the underlying meaning of
students’ responses and conducted reflective discourse more frequently instead of
giving information or evaluating student’s responses against scientific points of view. It

is discussed how changing of these three moves might be related to Teacher A’s RTOP
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scores in categories that are student voice, teacher role, problem solving and reasoning

and questioning.

In medium level of ABI implementation, one in Teacher A’s four moves was the KPE.
However, one in his ten moves was the KPE in high level of ABI implementation. Upon
examining the sub-categories of KPE moves, it seemed that the affirming/accepting
move was the highest decreasing (7%) with respect to the increasing implementation
level of the teacher. In each implementation level, the teacher did not use the rejecting
discursive move. This improvement of the teacher was important for ABI
implementation. The changing percentage of KPE moves might be related with the
increasing RTOP scoring in the category of student voice, teacher role and problem
solving and reasoning. The teacher might effectively use students’ responses to trigger
their prior knowledge by less frequently affirming student’s response, by presenting
logical exposition and by asking for recalling in high level of ABI implementation.
Therefore, students might more often expand their ideas by engaging actively in
dialogical interaction with their peers and the teacher in the high level. When looking
into the sub-categories of COM moves, the increase seemed to emerge from probing,
asking for an alternative response, passive re-voicing and reformulating moves since
the percentages of requesting for clarification and embodying moves in the high level
were less than those of medium level. In addition, reformulating move was the highest
increasing percentage (9%) while embodying move was the highest decreasing
percentage (5%). When the teacher A had an effort to create the classroom discourse in
which teachers and students communicated each other especially by reformulating
students’ utterance more often in high level of ABI implementation, the RTOP scoring
in all categories might increase. When the students’ utterances were more frequently
transformed to more comprehensible one for students by the Techer A, their ideas were
more likely to determine the flow of the lesson since healthier communication in the

classroom enabled the students to contribute to the classroom discourse.

It was observed that the frequency of RED discursive moves in the high level was 15
times more than those in the medium level. In both of the implementation levels,
teacher-led evaluation was not carried out. The highest increase (6%) in the percentage

of sub-categories of reflective discourse occurred in the asking for evaluation (student-
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led) move. This implied that when the teacher implemented ABI more efficiently, he
guided the students more frequently not only to evaluate each other’s ideas by criticizing
and asking questions but also to give the responsibility to the students for their learning.
The highest change in the percentage of RED moves can be related to increasing RTOP
scoring in all categories which are problem solving and reasoning, student voice, teacher
role and teacher questioning. When the teacher A conducted RED moves more
frequently, the teacher role might be more “listener” and thus their questions of RED
moves might increase the negotiation among students and promote students’ alternative
thinking. Therefore, the quality and quantity of students’ involvement in dialogic
interaction with their peers (defined as a student voice) increased in the Teacher A’s

high level of ABI implementation.

4.1.1.2. The Lowest Changing and Unchanging Percentages in Teacher

Discursive Moves

Science process skills (SPS) (2% less), monitoring and framing (MOF) (2% more),
challenging (CHAL) (1% less), seeking for evidence (SFE) (1% more), modelling
(MOD) (%2 more), and ensuring mutual respect (EMR) (1% less) were the lowest
changing. In addition, labelling and naming (LAN) was the unchanging percentages in
the teacher discursive moves when the teacher A’s level of ABI implementation

improved from medium to high level.

Even though SPS and MOF moves were performed at least 15% in both implementation
levels of the Teacher A, these moves were the lowest changing percentages in different
implementation levels. When looking into sub-categories of SPS moves, the change in
the percentage of asking for prediction was the highest decreasing percentage (%5). The
teacher did not perform asking for establishing inference in both levels. Students were
required to perform science process skills since they conducted scientific investigation
during ABI implementation. When the percentages of the sub-categories of MOF
discursive moves were investigated, all moves in the MOF category were the lowest
changing percentages. However, MOF moves were dominant in both levels. This meant
that Teacher A promoted the student to be aware of what happened in the classroom

discourse by means of monitoring, framing and summarizing moves. Although MOF

71



and SPS moves, dominant in both levels, might not directly be related with the RTOP
categories, these moves were pre-organizer to allow the behaviors in RTOP categories

to occur more efficiently in the classroom discourse.

CHAL, SFE, MOD, EMR and LAN were performed less than 5% in both
implementation levels of the Teacher A. CHAL moves were expected to increase in
high level of ABI implementation; however, it did not happen in this study. The
challenging moves were related to all RTOP categories. Moreover, teacher content
knowledge and unit preparation before the implementation are also important to present
the counter arguments about the students’ utterance to them. However, modified RTOP
does not evaluate the teacher content knowledge. It was also expected to increase the
percentage of seeking for evidence moves in high level of ABI implementation.
Although the moves were directly related with the RTOP category, problem solving
and reasoning, there was no change in the percentage of SFE. It can be concluded that
teacher still struggled with performing CHAL and SFE moves in high level. The
modelling discursive moves are performed by the teacher when he needs to model how
a scientist works (for example, controlling variables and making claims so on)
considering students’ prior knowledge. This move was not directly related with the
RTOP categories. Therefore, the Teacher A did not need to display MOD move more
frequently in high level of ABI implementation. The percentage of LAN in the both
levels was zero. However, the teacher performed one LAN discursive move in the
medium level. This move also was not directly associated with the RTOP categories.
The EMR move is performed when it is needed for the classroom management. This

move had no direct relevance with the categories of RTOP.

4.1.2. Teacher B

The frequencies and percentages of occurrence of the discursive moves enacted by
Teacher B in the medium and high levels of ABI implementation are given in Table
15. In both levels, she mostly focused on the communicating (COM) discursive
moves (45% in the high level, 40% in the medium level). The percentages of the
occurrence of the discursive moves, CHAL, SFE, MOD, LAN and EMR, were less

than 5% in both of the implementation levels.
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Table 15. The Frequency and Percentage of TDMs for in Both Levels of Teacher B

Categories and Subcategories of TDMs Medium Level High Level
Frequency  Percentage = Frequency  Percentage
Knowledge Providing & Evaluating (KPE) 39 12 24 8
Presenting logical expositions 4 1 5 2
Affirming 29 9 15 5
Rejecting 1 1 0
Verbal cloze 1 0 1 0
Asking for recalling 1 2 1
Science Process Skills (SPS) 53 16 52 17
Asking for simple comparison 12 4 27 10
Asking for making prediction 33 10 14 5
Asking for making observations 5 2 6 2
Asking for establishing inference 3 1 5 2
Communicating (COM) 144 45 121 40
Probing 44 14 41 14
Asking for alternative response 6 2 5 2
Requesting for clarification 23 7 21 7
Reformulating 29 9 24 8
Passive-revoicing 38 12 27 9
Embodying 5 2 3 1
Monitoring & Framing (MOF) 72 22 57 19
Focusing 29 9 17 6
Monitoring (type-1: on-moment) 16 5 11 4
Monitoring (type-2: prospective) 4 1 1 0
Monitoring(type-3: retrospective) 10 3 21 7
Summarizing 13 4 7 7
Challenging (CHAL) 4 1 3 1
Challenging (by playing devil’s advocaterole) 3 1 3 1
Challenging (by monitoring) 1 0 0 0
Reflective Discourse (RED) 7 2 23 8
Asking for evaluation (student-led) 5 2 14 5
Asking for evaluation (case based) 1 0 1 0
Throw 1 0 8 3
Seeking for Evidence (SFE) 2 1 2 1
Modelling (MOD) 0 0 8 3
Labelling and Naming (LAN) 0 0 1 0
Ensuring Mutual Respect (EMR) 3 1 8 3
TOTAL 325 100 299 100

Moreover, the fluctuation in the Teacher B’s discursive moves through her
pedagogical progression is also shown in Figure 2. For the Teacher A, the teacher
discursive moves in the different levels of ABI implementation are discussed with
the RTOP scoring in categories. The comparison of discursive moves of the teacher
in medium and high implementation levels is discussed under two headings as
follows: the highest changing percentages in TDMs and the lowest changing or
unchanging percentages in TDMs. However, when the sub-categories of TDMs

were examined, there were the highest changing percentages in the some moves (i.e.,
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affirming, asking for prediction, asking for comparison and monitoring

(retrospective)) through Teacher B’s pedagogical progression.
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Figure 2. The Fluctuations in the Discursive Moves Through Teacher B’s
Pedagogical Progression

4.1.2.1. The Highest Changing Percentages in Teacher Discursive Moves

Communicating (COM), reflective discourse (RED) and knowledge providing and
evaluating (KPE) moves were the highest changing percentages in the teacher
discursive moves when the teacher implemented ABI more effectively. The highest
increasing percentage was observed in RED (6%), while the highest decreasing
percentages were observed in COM (5%) and KPE (4%) moves, respectively with
respect to the increasing level of the ABI implementation. The relationship between
the highest changing percentages and RTOP scoring in each category was examined

in medium and high levels of ABI implementation.
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On looking into sub-categories of KPE, the differences appeared to emerge from
affirming and rejecting moves. Moreover, affirming move was the highest changing
percentage (4%). As the teacher evaluated students’ response by affirming or
rejecting less frequently, the RTOP scoring in categories of student voice, teacher
role and problem solving and reasoning might improve. In other words, the change
in the evaluation move of triadic pattern might have a potential to increase the
student-student interaction and students’ reflection on their learning by encouraging

them think about their and peers’ ideas.

When examining the sub-categories of COM moves, the percentages of occurrence
of the probing and asking for alternative response moves were the same both in the
medium and high level. On the other hand, the percentages of other discursive moves
enacted in the high level were less than those in the medium level. It was expected
to increase the quantity of COM moves in high level. However, the lowest changing
percentage of sub-categories might not be associated with the students’ pedagogical

progression.

Teacher B conducted 16 times more reflective discourse in the high implementation
level. The percentages of asking for the evaluation (student-led) and throwing in
high level were greater than those in the medium level. However, the teacher did not
perform the asking for evaluation (teacher led) in both levels. The highest increasing

RED was related to the RTOP scoring in all categories.

4.1.2.2. The Lowest Changing and Unchanging Percentages in Teacher

Discursive Moves

Science process skills (SPS) (1% more), monitoring and framing (MOF) (3%less),
modelling (MOD) (3% more), and ensuring mutual respect (EMR) (2% more) were
the lowest changing. In addition, labelling and naming (LAN), challenging (CHAL)
and seeking for evidence (SFE) were the unchanging percentages in the teacher
discursive moves when teacher A’s implementation level of ABI improved from

medium to high.
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Although SPS and MOF moves were performed at least 15% in both implementation
levels of Teacher B, these moves were the lowest changing percentages in the
different implementation levels. When the sub-categories of SPS moves were
examined, it was seen that when the highest increasing percentage was the asking
for comparison move (6%), the highest decreasing percentage (5%) was the asking
for making prediction move. When looking into the sub-categories of MOF moves,
the highest increasing percentage (4%) was the retrospective moves through her
pedagogical improvement. SPS and MOF moves which were predominant in both

levels might be a pioneer condition for all RTOP categories.

CHAL, SFE, MOD, EMR and LAN were performed less than 5% in both
implementation levels of Teacher B. Teacher B had a difficulty in increasing the
percentages of challenging moves. This might be due to the teacher’s content
knowledge. The percentages and frequencies of the SFE discursive moves were the
same in medium and high levels. The move was expected to increase in the high
level since she should be more likely to promote the students to make claims based
on evidence during the ABI implementation. Although SFE move was associated
with RTOP category “problem solving and reasoning”, there was no change in
percentages of SFE moves. The MOD, EMR and LAN moves did not correspond to
the behaviors in RTOP categories. These moves depend on the need of classroom
discourse and the purpose of the instruction. For example, if students have a
difficulty in controlling variable in the experiment, MOD moves can be displayed.
Moreover, if teachers need to reach a consensus about naming of concepts during
the negotiation, LAN move can be performed. Finally, if there needs to make sure
about classroom discourse for the sake of the classroom management, EMR might

be enacted when necessary.

4.1.3. The Results of Cross-Case Analysis

For the first research question, the similarities and differences of the discursive
moves enacted by Teacher A and Teacher B in the medium and high implementation
levels are given below. Although the Teacher A and Teacher B implemented ABI

with different science topics in different grade levels, the fluctuations of discursive
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moves in the both levels for each case shared some similarities. First, when the
implementation levels of Teacher A and Teacher B rose from medium to high, both
teachers conducted more reflective discourse through the asking for evaluation and
throwing. This indicated that the teachers in the high level encouraged students to
evaluate and judge others’ ideas through the ABI implementation more than in the
medium level. Additionally, the most increasing percentage was the reflective
discourse among the all discursive moves with respect to the increasing level of the
ABI implementations for each case. Also, both teachers gave information and
evaluated students’ response less in their high levels of ABI implementation through
their pedagogical improvement. The difference of changing ratio in RED and KPE
moves might be associated with the difference of RTOP scoring in categories as
provided in Table 12. In this study, there was a relationship between higher changing
percentages in Teacher A’s RED and KPE moves and the higher changing RTOP
scoring in categories. Second, CHAL, SFE, MOF, MOD, EMR, LAN and SPS
moves were the lowest or unchanging percentages in both teachers’ different levels
of ABI implementation. Third, it can be concluded that CHAL, SFE, MOD, LAN
and EMR discursive moves were seldom performed in both teachers’ different
implementation levels of ABI since the percentages of these discursive moves in the
both levels were less than 5% with the different trends of change. Finally, the
majority of the discursive moves was the COM in both levels as over 33%. This
implies that during the ABI implementation, the teachers had a tendency to
comprehend the meaning behind the students’ utterances and make students’
utterances more understandable and accessible to other students. Moreover, SPS and

MOD moves were dominant in both levels of ABI implementation for each case.

Even though both teachers’ implementation level improved, the changing of
discursive moves in both levels have a difference. The trends of change seemed
different across the cases although COM was the highest changing percentage in
each case. While the Teacher A performed the COM discursive moves 6% more in
the high level than those in the medium level, the Teacher B performed 5% less in

the high level than in the low level.
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4.2. The Comparison of Communicative Approach of Teachers in Medium

and High Levels of ABI Implementation

To address the second research question, episodes of implementations were coded
in accordance with the four classes of the communicative approaches
(interactive/authoritative, non-interactive/authoritative, interactive/dialogic, non-
interactive/dialogic) and were counted. For the second question, the types of

communicative approaches performed by the teachers in both levels are explained.

4.2.1. Teacher A

The aspects of communicative approach are interactive/authoritative (IA), non-
interactive/authoritative (NIA), interactive/dialogic (ID) and non-interactive/
dialogic (NID). The types of the communicative approach performed by the Teacher

A are given in Figure 3.
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Figure 3. The Types of Communicative Approaches Enacted by the Teacher A in
Both Levels
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As seen in Figure 3, the interactive/dialogic communicative approach was the most
through ABI The

interactive/dialogic communicative approach used in the high level of ABI

common form of conversation the implementation.
implementation was 23% more than that in the medium level. On the other hand, the
Teacher A utilized an interactive/authoritative approach 23% less in the high level.
Moreover, any non-interactive talk (non-interactive/authoritative and non-
interactive/dialogic communicative approach) was not observed in both levels. This
implied that the teacher allowed the participation of students in the classroom talk in
both levels. In addition, the teacher took students’ opinions into account more frequently
in high level. On the other hand, the teacher directed instructional questions in order to
reach the point of view more frequently in medium level. In both levels, the teacher did

not wrap up the lesson considering various ideas (non-interactive/ dialogic).

The example of interactive/authoritative communicative approach is given in Table 16.
In the example, the aim of the teacher was to reach a specific point of view. Therefore,

the teacher asked questions to get an answer that he has had in his mind. The students’
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responses were restricted to a single explanation (‘“upwar gravity”,

opposite

direction”).

Table 16. The Example of the Interactive/Authoritative Communicative Approach

of Teacher A
Turm  Speaker  Utterance Discursive Moves
200 T Which direction is the direction of the buoyancy? Let's raise ~ Open-ended question
a finger and talk.
201 S Upward No Coding
202 T Yes up // Can we mark this? For example, let there be Accepting//Focusing /on
an object on the surface of the liquid /Which directionis  moment)//Embodying//Asking
the direction of the buoyancy? for recalling
203 S Up No Coding
204 T Let’s sign. The Buoyant. Okay? Focusing
205 S Yes No Coding
206 T Let’s call it shortly Asking for assigning labels
207 S The Buoyancy force (Fy) No Coding
208 T Let us briefly show the symbol. We say (Fy,)doesn't Presenting logical
matter. Well, what's pulling it down? exposition//Asking for making
prediction
209 S Gravity Force No Coding
210 T Let’s remember gravity from yesterday. // If gravity on Monitoring
the surface affects a mass, which property of that object ~ (retrospective)//Asking for
is revealed? The force of gravity acting on an object recalling
would reveal which property of the object?
211 S Gravity Force No Coding
212 T Okay // Gravity pulls this object downwards / We said ~ Accepting//Presenting logical
that this is different on world and in moon. exposition//Asking for recalling
213 S Weight. No Coding

This example is taken from Teacher A’s medium level of ABI implementation.

79



The example of interactive/dialogic communicative approach is given in Table 17.

In the example, the teacher focused on exploring different students’ views in the

classroom talk.

Table 17. The Example of the Interactive/Dialogic Communicative Approach of

Teacher A

Turn Speaker Utterance Discursive Moves

88 S Teacher, is there any difference between the Student initiate
height or speed of sound?

89 T Your friend says “Is there any difference Focusing
between the height or speed of sound?

90 S I think there is a difference. No Coding

91 S In addition, when it is slow, there is a difference. No Coding

92 S I think there is a difference between the strength No Coding
of item.

93 T the difference exists. Passive re-voicing

94 S I want to answer what he says. When someone No Coding
speaks, for example, if they speak in a low tone
of voice, the sound waves will decrease a little
more. That's why it changes. The sound wave is
also directly proportional to the volume of the
sound. The sound wave may also increase, or it
can also fall down

95 T What do you mean by intensity? What does the Probing
intensity of sound mean?

96 S I mean the frequencies. No Coding

97 T Is frequency the same thing as intensity? Probing

97 S No No Coding

99 S Teacher, amplitude, multiplicity. No Coding

100 T What does intensity mean? Probing

101 S Teacher, there is no any relationship between No Coding
frequency and intensity.

102 T You mean they ara different Reformulating

103 S Yes, I know they are different. No Coding

This example is taken from Teacher A’s high level of ABI implementation.

4.2.2. Teacher B

The comparison of the type of communicative approach enacted by the teacher is

given in Figure 4.
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Figure 4. The Types of Communicative Approaches Enacted by Teacher B in Both
Levels

The teacher B performed more interactive/dialogic communicative approach and a
less interactive/authoritative communicative approach in the high level of ABI
implementation. This means that as the implementation level of the teacher
improved, more points of view were paid attention in the teacher-students as well as
student-student interaction. Additionally, the teacher wused the non-
interactive/authoritative approach only once in both levels. Each implementation
level had a common characteristic that the teacher allowed students to participate in
the classroom talk which was referred to as “interactive”. The example of non-
interactive/authoritative communicative approach is given in Table 18. In the
example, the teacher had an effort to introduce the concept “zygote” to students. In

this episode, teacher did not invite students to discuss about the concept.

81



Table 18. The Example of the Non-interactive/Authoritative Communicative

Approach of Teacher B
Turn Speaker Utterance Discursive Moves
280 S Zygote forms after sperm enters to egg No Coding
281 T Your friends said that “zygote forms after sperm  Focusing
enters to egg”.
282 S What is the Zygote? No Coding
283 T He says, “what is zygote?”// Your friend said
that “zygote forms after sperm enters to egg”. Focusing//Presenti
Zygote is the concept. Scientists refer the union ng logical
of the sperm cell and the egg cell as zygote”. exposition

This example is taken from Teacher B’s medium level of ABI implementation

4.2.3. The Results of Cross-Case Analysis

For the second research question, similarities and differences of communicative
approach enacted by the Teacher A and the Teacher B in the medium and high
implementation level are given below. In each case, teachers adopted a more
interactive/dialogic approach and a less interactive/authoritative approach through
teachers’ pedagogical progression. Moreover, each teacher did not perform the non-
interactive/dialogic communicative approach in both levels. Unlike Teacher A,

Teacher B performed the non-interactive/authoritative approach in the both levels.

4.3. The Relationship Between Discursive Moves of Teachers and Students’

Reasoning Qualities in Medium and High Levels of ABI Implementation

As part of the third research question, students’ utterances were coded by using

evidence-based video framework (Furtak et al., 2010).

4.3.1. Teacher A

The percentages of students’ reasoning qualities varied across Teacher A’s different
levels of ABI implementation as seen in Figure 5. As the implementation level of
the Teacher A increased, students performed relatively more sophisticated
reasoning. The change in the percentage of TDMs might be associated with the
change in percentage of the students’ reasoning qualities in different levels of ABI

implementation with different science contents. In addition to evidence-based

82



reasoning video framework (Furtak et al., 2010), students’ questions that they asked

to their teacher and peers were also coded as type of the students’ reasoning.
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Figure 5. The Percentages of Students’ Reasoning Qualities in Teacher A’s Medium
and High Levels of ABI Implementation

As seen in Table 19, during turn 35, the student made claims by backing with
contextualized relationship between objects’ falling speed in water and air, and
density of water and air. Moreover, during turn 37, the student generated an
unsupported claim which was scientifically incorrect knowledge. During turn 41,
the reason why the velocity of objects in air and water was different was explained
with a scientific principle. During turn 45, the student supported their claims only

with their observation (data-based reasoning).
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Table 19. The Example of Students’ Reasoning Qualities with the Content
“Buoyancy” in Teacher A’s Class

Turn Speaker Utterance Student ~ Reasoning
Quality
35 S You know, we gave a coin as an example. It Evidence-based

comes to the ground faster in the air, but,
inside the water a certain amount of speed
decreases because the density of the liquid and
the density of the air is not the same.

36 T I asked about gravity. Density is different, No Coding
okey.

37 S It is also different according to gravity. Unsupported

41 T it is the same because gravity is the same in Rule-based

both liquid and air. The force that pushes the
coin is the same. However, it affects the speed
of the coin because the intensity is different,

44 T As your friend just said, there's the same No Coding
gravity. However, the density of the coin
determines the objects’ falling speed.
45 S Yes, the intensity is different. Data-based
This example is taken from Teacher A’s medium level of ABI implementation.

Teacher A performed knowledge providing and evaluation (14% less) (KPE) less
frequently but reflective discourse (9% more) (RED) and communicating (6% more)
(COM) moves more frequently in high implementation level than those in medium
implementation level. The decrease in the percentage of KPE moves might be
related to the more sophisticated reasoning quality. The students made more
sophisticated explanations more about the concept when the teacher did not evaluate
the student’s response by accepting or rejecting and did not provide scientific
knowledge. The increase in the percentage of the RED moves might influence not
only students’ asking questions but also their reasoning qualities positively since
asking for evaluation or throwing moves provided an opportunity for students to
evaluate their peers’ views by prompting questions and justifying their claims. The
increase in the percentage of COM moves might be related with the students’
reasoning qualities since these moves allowed the classroom discourse to be clear
and healthy for both students and teachers. Moreover, while the reflective discourse
moves had a potential to increase the percentage of students’ questioning in high
level implementation, the change in the percentage of COM and KPE might be also

related with the increasing number of students’ questioning.
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In each implementation level, the majority of student reasoning qualities was the
phenomenological (56% in medium level, 48% in high level) and unsupported (23%
in medium level, 19% in high level). However, as the most sophisticated reasoning,
the frequency of rule based was the least in the both levels (5% in medium level, 6%
in high level). This common trend might be related with RED moves that were less
frequently enacted as well as CHAL and SFE moves which were almost never
performed in both implementation levels. Although the majority of TDMs enacted
by the Teacher A was COM moves in both levels, only these moves might not be
sufficient for students’ more sophisticated reasoning qualities. COM moves should
be supported with the CHAL, RED and SFE moves in order to increase the students’
reasoning quality due to the fact that these moves provoke students to justify their
claims with evidence and scientific principles in order to convince their peers and

teacher about the validity of their claim.

When the contents of the ABI implementations were examined, it was obvious that
students in Teacher A’s class were likely to use their social language of science in
both implementation levels. The overuse of social language of science might limit
students to give more sophisticated reasoning since the teacher less frequently
provided an opportunity for the students to be aware of the difference between their
social language and scientific point of view through CHAL, RED and SFE moves.
In the “buoyancy” implementation, while students discussed the objects’ sinking
and floating, they are likely to use their social language “the lighter object, objects
with holes and objects with the large surface area will float” rather than the scientific
point of view “the density of object and liquid determines whether object will sink
or float”. As given in Table 20, during turns 53, 55 and 57, students explained the
reasons for the ship’s floating using their social language. However, the teacher did
not challenge with the student’s idea in during turn 54 by offering the counter
arguments like “when you put a bottle in water, it will float whether you put it

vertically or horizontally”.
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Table 20. The Example of Students’ Reasoning Qualities with the Content
“Buoyancy” in Teachers’ A Class

Turn Speaker ~ Utterance Student Reasoning
Quality
52 T He says it's the buoyancy of water, Zeynep? No Coding
53 the ships both float in the water and contain air.  Unsupported
S
54 T within the ship? No Coding
55 S yes, there is also air. It floats and never sinks Unsupported

because of the air within the ship
57 S I think the pressure of ship is less because of its  Unsupported
surface area. For example, while standing, we
exert more pressure on the floor.
This example is taken from Teacher A’s medium level of ABI implementation.

Similarly, in the “sound” implementation”, the concepts of “frequency, wave,
amplitude, loudness, intensity” were utilized differently in students’ social language.
Although the students experienced the buoyancy force and sound in their daily life,
there were quite a few differences between their social language and scientific
explanation. The Teacher A less frequently allowed the students to be aware of the
differences between their social language and scientific point of view. Therefore,

the students might not reach sophisticated reasoning in this implementation.

4.3.2. Teacher B

As the Teacher B moved towards a higher level of ABI implementation, the
percentage of students reasoning quality relatively increased except the unsupported
reasoning as seen in Figure 6. In addition, the percentage of students’ questions in
both implementation level was the same. The difference among TDMs in both
implementation levels might be related with the change in the percentages of

students’ reasoning qualities.
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Figure 6. The Percentages of Students’ Reasoning Qualities in Teacher B’s Medium
and High Levels of ABI Implementation

Teacher B enacted knowledge providing and evaluation (4% less) (KPE),
communicating (5% less), (COM) less frequently but performs more reflective
discourse (6% more) (RED) TDMs in the high implementation level than those in
the medium implementation level. There might be a positive relationship between
the change in the percentages of KPE and RED moves and the students’ reasoning

qualities.

In each implementation level, the majority of student reasoning quality was the
phenomenological typology (64% in medium level, 52% in high level) and
unsupported typology (22% in medium level, 24% in high level). However, as the
most sophisticated reasoning, the percentage of rule-based reasoning was the least
in the both levels (1% in medium level, 3% in high level). This common trend might
be related with RED moves that were less frequently enacted as well as CHAL and
SFE moves which were almost never performed in both implementation levels. That
might be associated with the less frequency of more sophisticated reasoning

qualities.
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When the contents of the ABI implementations were examined, in the medium level
of ABI implementation, the concepts related with the fertilization were abstract for
students. Teacher did not enact enough CHAL, EBR and RED moves in order to
reveal students’ reasoning and encourage student to support their claim. For
example, as seen in Table 21, during turn 245, student explained fertilization by
using their daily language of science. After turn 246, teachers can ask evidence of
student’s claim, challenge with students’ idea by asking “How can a baby form when
sperm fertilizes the egg?” or ask other students whether they agreed on each other’s

idea or not.

Table 21. The Example of Students’ Reasoning Qualities with the Content
“Reproduction, Growth and Development” in Teachers’ B Class

Turn Speaker Utterance Student Reasoning Quality

237 S Well, they're competing, and I'm Data
gonna say something.

238 T What competes? No Coding

239 S A lot of sperms -

240 T S/he says many sperms are No Coding
competing. Then, are they more
than one?

241 S Yes Data

242 T They are competing. Where do No Coding
they want to reach?

243 S To reach the egg. Data

244 T To reach the egg. What will it be if  No Coding
it becomes the first?

245 S We will be born. Data

246 T We will be born. No Coding

This example is taken from Teacher B’s medium level of ABI implementation.

Moreover, in the “electricity” implementation, students were likely to utilize different
concepts from their daily language although they were familiar with this content in their
daily life. Therefore, students’ ideas were mostly decontextualized rather than

recontextualized. This might limit students to give more sophisticated reasoning.

4.3.3. The Results of Cross-Case Analysis

For the third research question, the similarities and differences of the relationship
between discursive moves enacted by the Teacher A and Teacher B and students’

reasoning qualities in the medium and high implementation levels are given below.
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In each case, the increase in the percentage of RED and the decrease in the
percentage of KPE might be related with the increase in the percentage of students’
reasoning qualities in the high implementation level. Therefore, these moves had a
potential to trigger the students’ reasoning in each case. Moreover, the majority of
student reasoning quality was the phenomenological and unsupported, respectively,
in both implementation levels of each case. However, as the most sophisticated
reasoning, the rule-based typology was the least detected in the both implementation
levels of each case. This common trend might have a relevance with RED moves
that were enacted less frequently as well as CHAL and SFE moves which were
almost never performed in both implementation levels. In each case, only COM
moves, the most percentage of TDMs, did not have a potential to increase students
reasoning quality. COM moves should be supported with the CHAL, SFE and RED
moves in order to increase the students’ reasoning quality. However, while students
asked more question in the high-level implementation of the Teacher A, the
percentage of the students’ questioning did not change in high level implementation
of the Teacher B. The more change in KPE, RED and COM moves in Teacher A
class might encourage students to ask questions in high level of ABI

implementation.

The change of teacher moves in different implementation levels reflected students’
reasoning quality differently because of various science contents. Although the
changing percentages in the KPE and RED discursive moves were greater in
Teacher A, the increase in the percentages of relational reasoning in the Teacher B
class were more. The reason for this could be due to the different content. Students
were more likely to make analogy in “electricity” implementation of the Teacher B.
Moreover, the teacher reached a consensus with the students about the relationship
between their social language and scientific language. For example, students called
“shifting” in their social language rather than “resistance” in scientific language. As
given in Table 22, in during turn 127, students gave reasoning supporting by the
relationship between the conductivity of matter and electricity. In during turn 557,
students made reasoning by backing with the contextualized relationship between

shifting matter (resistance) and the brightness of the bulb.
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Table 22. The Example of Students’ Reasoning Qualities with Content “Electricity”
in Teacher B’s Class

Turn Speaker Utterance Student Reasoning
Quality
127 Student Fatma teacher, Hakan said that there is Evidence-based

something here that prevents the key. Now
if we shut down the key, here button, if we
turn off the button, the cable enters here,
then iron and cable touch each other when
we lift the key again lifts up the electricity
and does not go from it.

552 Teacher Your friend says that “Did you say the No Coding
blocking agent in the aluminum foil and in
the yarn is equal?”

553 Student No, we didn’t say “equal”. Data-based

556 Teacher On what basis? No Coding

557 Student Slippery materials are less on yarn, more on  Evidence-based
foil.

This example is taken from Teacher B’s high level of ABI implementation.
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CHAPTER 5

DISCUSSION

In this study, the teacher discursive moves, the relationship between students’
reasoning quality and teacher discursive moves and communicative approach
enacted by the teachers in different implementation levels of ABI were investigated.
In this chapter, the findings of the three research questions will be discussed by
presenting related literature. This chapter will include implications of this study,

limitations and further research.

5.1. Discussion of Findings

5.1.1. Teacher Discursive Moves in Different Implementation Levels

In this study, the differences between the teacher discursive moves in different
implementation levels of ABI were investigated. From the perspective of
sociocultural learning theory adopted in this study, teacher discursive moves in the
social plane (classroom discourse) were linked with students’ reasoning qualities.
Studies has shown that the use of teacher discursive moves has an impact on the
quality and quantity of students’ cognitive contribution; such as students’
argumentation structure, such as, generating claim, supporting their claims with
evidence, defending their claims to peers, persuading others about the validity of
their claims (Martin & Hand, 2009), their reasoning quality (Furtak et al., 2010,
Soysal & Yilmaz-Tuzun, 2019) and their cognitive pathways (Grimberg & Hand,
2009). Thus, it is important to investigate the factors that vary across the different
implementation levels of ABI with respect to the teacher discursive moves, students’
reasoning quality and communicative approach enacted by teachers. The finding of
this study showed that both of the teachers performed different kinds of discursive

moves (KPE, RED, COM, MOF, EMR, SPS,) during the medium and high levels of
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ABI implementations. However, the occurrence of frequency and percentage of
TDMs varied within (a teacher’s medium and high level of ABI implementations)
and across the cases (teachers’ both levels of ABI implementations). Moreover, SPS,
COM and MON moves were dominantly performed by Teacher A and Teacher B in
both levels of ABI implementation. A number of studies (Aranda & Tytler, 2015;
Mortimer & Scott, 2003; Oh & Campbell, 2013) concludes that various discursive
moves, both dialogic and monologic, are necessary for the meaningful learning. In
this study, while both teachers performed dialogic TDMs (i.e., asking for evaluation,
challenging, prompting for evidence, probing, etc.) and monologic TDMs (i.e.,
presenting logical exposition, affirming, rejecting, reformulating etc.) during ABI
implementation. Only performing dialogic or monologic moves are not enough to
address aim of the ABI implementation since teacher should allow students to use
not only their alternative thinking and talking system but also scientific thinking and
talking system (Soysal, 2007). In more detail, teachers have to use dialogic TDMs
to reveal students’ alternative thinking and talking system while they have to
perform monologic TDMs to allow student to recognize scientific thinking and

talking system.

The highest increasing percentages occurred in the KPE, RED and COM moves in
different implementation levels of each case although both teachers carried out ABI
in different grade levels within different science contents. In terms of KPE moves,
the classroom discourse in each case moved beyond traditional triadic pattern by
less frequently knowledge proving and evaluation of students’ response. Therefore,
there was a room where ideas of students are explored in this type of classroom
environment (Tytler & Aranda, 2005). This proved the increasing RTOP scoring in
the category of student voice through teachers’ pedagogical progression toward ABI
implementation. On the other hand, IRE pattern does not allow long-termed talk
about the idea (Benus et al., 2013). The finding of this study was concurrent with
the previous studies (Benus et al., 2013; Pinney, 2014; Tytler & Aranda, 2005)
concluding that teachers gave knowledge or evaluative feedback on student response
less in high quality classroom discourse. Tytler and Aranda (2005) concluded that
experienced teachers went beyond IRE pattern where prevalence of classroom talk
was the teachers and students were given little chance to expand their ideas.
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Moreover, Benus (2011) found that when teachers’ implementation level of ABI
increased, the decrease in the occurrence of teacher feedback on student response
caused to increase student-student dialogue. Lemke (1999) concludes that in the
classroom discourse where the triadic pattern is persuasive, a teacher has the control
over the flow of the negotiation as to who contributes in the classroom discourse
and which ideas are regarded as legitimate. This study also provided evidence that
KPEs moves were related with RTOP categories, student voice, problem solving
and reasoning and teacher role. Also, in terms of RED moves, the teachers
conducted reflective discourse more frequently in high level of ABI implementation.
RED moves were examined as a sub-category of open-ended questions or discursive
moves in other studies (Kilic, 2016; Kim & Hand, 2015; Martin & Hand, 2009).
These studies examined the RED moves as an eliciting question (Martin & Hand,
2009, a meta-cognitive question (Kilig, 2016) and a challenging process that
explained whether the student and teacher agreed on each other’s idea or not (Kim
& Hand, 2015). The common finding of these studies is that when the
implementation level of ABI increase, teachers are more likely to encourage
students to evaluate each other’s ideas and make reflection on their ideas. Moreover,
RED moves support a social aspect of argumentation by promoting the students to
judge and critique their understanding of science concepts (Berland & Reiser, 2011).
Jiménez-Alexander et al. (2000) conclude that teachers’ attempt to promote students
to explain and persuade each other about the validity of their claim, and this results
in argumentation. On the other hand, students are not required to convince their
peers in traditional classroom discourse where the transmission and evaluation of
knowledge is predominant (Berland & Reiser, 2011). In this respect, these moves
increase the interaction among students by participating them in negotiation within
small and whole group and promote students to make justification of their claim
while persuading friends. From this point of view, it can be concluded that RED
moves are associated with the items of all RTOP categories. In terms of COM
moves, the greater part of the TDMs included these moves in both implementation
levels of each teacher. It showed that the teachers in medium and high levels of ABI
implementations were more likely to understand student’s idea to make it available
on the discussion. This finding is consistent with other study (Soysal & Yilmaz-

Tuzun, 2019) reporting that COM moves are significant for revealing meaning and
93



reasoning behind the student response during the ABI implementation. Additionally,
although the total percentage of COM moves was the highest changing in a high-
level of ABI implementation of each case, different trend of change was observed
in each case. When looking into sub-categories of COM moves, the highest
changing percentage (10%) was observed in the “reformulating” move during the
Teacher A’s high level of ABI implementation. O’Connor and Michael (1996) found
that teacher reformulated students’ utterances in order to clarify them and introduce
new scientific concepts to students. In this study, Teacher A reformulated student
response more in the high level of ABI implementation because the content “sound”
was the abstract for student. This move also enables to make students’ understanding
apparent on the classroom discourse and shows that their explanation is worth being
elaborated on (Kawalkar & Vijapurkar, 2013). In this way, students were more
frequently engaged in dialogic interaction as seen in the highest changing RTOP
scores of Teacher A in the category of student voice. In this sense, the COM moves,
especially “reformulating”, contributed to the quantitative increase of student voice
as indicated in the findings of Soysal (2019). Moreover, COM moves are related to
the items of all RTOP categories. When sub-categories of COM moves were
examined, there seemed to be lowest changing moves through pedagogical
progression of Teacher B. This study provided little evidence to explain the
difference between the percentages of COM moves in different implementation
levels of ABI. Further research should be conducted considering the students’ prior

knowledge that affects teachers’ discursive moves.

On the other hand, MOD, EMR, LAN, CHAL, SFE, SPS and MOF were the lowest
changing or non-changing discourse moves. Moreover, the first fifth moves were
rarely observed in both implementation levels of ABI for each case. The reason for
this is discussed below. First, MOD move is utilized to show students how scientists
work; for example, how they collect data, conduct measurement, control variables
and so on. This move was seldom performed in this study since the teachers needed
to act MOD move when students presented their work in front of the class and
negotiated each other about their findings. The finding of this study, in that sense, is
similar with Soysal’s (2018) study. Second, in this study, teachers less frequently
needed to perform EMR moves in order to form a comfortable classroom
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environment for the sake of the classroom management. The changing percentage
of these moves was the lowest since students took cognitively and physically an
active role in ABI implementation in spite of different degrees. Similar to the finding
of this study, Baker, Lang and Lawson (2002) state that effective inquiry-based
teaching widely decreases classroom management issues due to high interest and
motivation of students. Moreover, in order to provide mutual respect, non-verbal
behavior can be also used in a classroom. For example, Kim and Hand (2015) found
that the teacher did not circulate around the class in medium level implementation
of ABI; rather, the teacher circulated through interacting with students in high
implementation of ABI. Third, both teachers did not also require displaying LAN
move in both levels since they do not negotiate the concepts at the end of the
students’ presentation. LAN move are used in order to in order to reach a consensus
about the concepts that are emerged from end of the classroom negotiation (Soysal,
2019). The items in RTOP categories are not related with these moves (MOD, EMR,
and, LAN).

In both levels of ABI implementation for each case, the teachers had a problem with
performing challenging moves. These moves are the way to encourage students to
defend their explanations during small and whole group negotiation. SFE move was
expected to increase in high levels of ABI implementations because this move was
related to the RTOP category of problem solving and reasoning. However, both
teachers struggled with improving SFE and CHAL moves in high level of ABI
implementation. The reason for this could be inadequate teacher preparation before

ABI implementation.

MOF and SPS moves were dominant in both levels of ABI implementation for each
case. MOF and SPS are the fundamental moves of ABI. However, the change in the
percentage of these moves is the lowest in each teacher’s implementation. MOF
moves enable students to be aware of what is happening in the classroom discourse
(Soysal, 2007). Therefore, these moves help teachers to reach big ideas of ABI
implementation. Moreover, SPS moves are essential to reveal students’ daily life
thinking and talking system during the ABI implementation. MOF and SPS move

are not directly related with the items of all RTOP categories. However, these moves
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are pre-organizer to create a classroom discourse for the expected behaviors in the

RTOP scores.

When looking into the teachers’ pedagogical development during ABI
implementation, this study showed that teachers improved their pedagogical
strategies to support argumentation in classroom discourse within longitudinal PD
program. However, they still struggled with improving CHAL and EBR moves
through their pedagogical progression. This finding is concurrent with earlier study
(Boyle, Lamprianou, & Boyle, 2005) showing that even if teachers attend a PD
program whose duration is longer, they cannot change all the inadequate practices
since such a change is difficult. Moreover, Newton et al. (1999) found that even
experience teachers need to be involved in PD more frequently. Similarly,
Wilkinson et al. (2017) found that while teachers improved their pedagogical
strategies for effective discourse, they had difficulty in posing questions that expand
students’ idea. Moreover, although RTOP is commonly used to measure reformed
based teaching practices, as structed protocols, there are some limitations that

classroom dynamic is not deeply analyzed (Millis, 1992).

5.1.2. Communicative Approach in Different Implementation Levels

In each case, teachers utilized more interactive/dialogic and less interactive/
authoritative approach in high level of ABI implementation. This means that
teachers considered students’ points of views more, while students were encouraged
to be involved in dialogue more frequently. While Teacher A did not perform any
non-interactive approach in both levels of ABI implementation, The Teacher A only
enacted non-interactive/dialogic once in both levels. The finding of this study is
aligned with the other studies (Alexander, 2006; Benus et al., 2013) stating state
dialogic discourse is the indicator of the effective classroom discourse. On the other
hand, Mortimer and Scoot (2003) state that teachers have the ability to use all types
of communicative approach to assure a meaningful learning in classroom discourse.
Soysal (2017) found that the four types of communicative approach were associated
with three phases of ABI implementation. In the Soysal’s (2017) study, during initial

discussion, teachers wused interactive/dialogic and non-interactive/dialogic
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communicative approach in order to reveal students’ idea. Then, during the
scientific investigation of students, teachers performed interactive/authoritative. As
a final phase, during the whole class discussion, teachers enacted non-
interactive/authoritative approach in order to inform students about the scientific
knowledge. From this point of view, in this study, when teachers’ level of ABI
implementation increased, teachers were more likely to decontextualize students’
idea. In other words, students’ everyday language was dominant rather than
scientific language in the high level of ABI implementation. However, there must
be tension between authoritative and dialogic discourse (Mortimer & Scott, 2003).
In this study, overuse of students’ daily language was barrier for student to perform

most sophisticated reasoning.

5.1.3. The Relationship between Teacher Discursive Moves and Students’
Reasoning Quality in Different Implementation Levels of ABI within

the Different Science Contents

This study examined the relationship between the teachers’ discursive moves and
the students’ reasoning qualities in different levels of ABI implementation with
different science content. It is valuable to explore how teacher’s pedagogical
development reflects student’s cognitive contribution in different qualities of ABI
implementations Based on Vygotsky’s sociocultural perspective (1978), teacher
scaffolding strategy is important on the social plane (classroom discourse), and thus,
affects students’ internal thinking (quality of reasoning). During the ABI
implementation, students construct scientific knowledge at an individual level by
generating their argument and at social level by presenting and defending their claim

to their peer and teachers.

In each case of this study, the highest change in KPE and RED moves was related
with the improving students’ reasoning qualities as the quality of ABI
implementations improved. This study provided evidence that when teachers gave
information and evaluated students’ responses less and displayed reflective moves
more, such as throwing and asking for evaluation, students reasoning qualities

improved during ABI implementation. This finding is similar with other studies
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(Chin 2006; Kim & Hand, 2014; McNeill & Pimentel, 2009; Soysal & Yilmaz-
Tuzun, 2019) in that the third move of triadic pattern (IRE) plays a significant role
in students’ cognitive contribution in the classroom discourse. For instance, when
students’ responses are accepted as “correct”, they do not need to present their claim
through justifying by making contextualized relationship or scientific principles.
When teachers ask productive follow-up questions rather than evaluating students’
answers, students’ cognitive contributions increase since they are asked to offer the
justification of their claims (Chin, 2007). The finding replicates the finding of other
studies concluding that RED moves help students to be engaged in dialogic
interaction where students have an effort to convince each other presenting claims
with their justification (Blosser, 1973, Chin, 2007; Martin & Hand, 2019; McNeill
& Pimentel, 2010; Soysal, 2019; van Zee & Minstrell, 1997b). Moreover, RED
moves help students to ask questions to each other (van Zee & Minstrell, 1997a).
Students questioning can be a potential tool to trigger the classroom negotiation and
encourage students to take account of pro and counter arguments while discussing
with peers. Therefore, students are more likely to be aware of their fallacy reasoning
and have an effort to support their explanation with various backing (Chin &
Osborne, 2008). In case of Teacher A, the change in the percentage of KPE, RED
and COM moves allowed student to ask more question to each other and their
teachers in high level of ABI implementation. Hence, it can be concluded that the
finding of this study is consistent with the sociocultural theory (Vygotsky, 1981)
that the improvement of individual thinking is related to the connection between

social and individual plane by means of language.

In each case, COM moves which were the dominantly displayed in both levels of
ABI implementation contributed to the students’ reasoning qualities. However, this
contribution was different when we considered the sub-categories of COM moves
for each case. The reformulation move, which was the highest increasing percentage
in Teacher A’s high level of ABI implementation, might lead to increase the
interaction between student-student and student and teacher where students had a
potential to use more sophisticated reasoning. Although students’ reasoning
qualities in each case’s classroom relatively increased through teachers’ pedagogical
progression, data and unsupported reasoning typologies were predominant in both
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implementation levels of ABI for each case. Moreover, students had difficulties in
supporting their claims with evidence and scientific principles in this study. Other
studies have indicated that students are less likely to explain scientific principles that
support students to connect evidence and claim (McNeill & Pimentel, 2009).
Moreover, students have difficulty with reasoning by supporting their claim with
evidence and what is regarded as evidence even in the high level of ABI
implementation (McNeill et al., 2006 and Benus et al., 2013). The inadequacy of
CHAL, RED (relatively) and EBR moves limited students’ the most sophisticated
reasoning in both levels of each case although COM moves were dominantly
displayed in both implementation levels. Similarly, Soysal and Yilmaz-Tuzun
(2019) indicate that while the function of COM moves is a “pre-organized” to ensure
environment for student to show higher reasoning quality, the contribution of RED
moves to students reasoning is considerably important. On the other hand, other
studies have found that COM moves have a positive impact on students’ reasoning
quality (Martin & Hand, 2009). Oh and Campbell (2013) also report that CHAL
moves have a potential to help students to increase their reasoning quality and their

ability of explaining their comprehension by using scientific knowledge.

In this study, the relationship between students’ cognitive contribution and teachers
moves was examined within different contents in the different levels of ABI
implementation. The science content is a factor that determines the process of
reasoning in argumentation discourse (McNeill et al., 2006; Sadler, 2006). In this
study, students’ reasoning qualities were associated with the learning demand and
abstract of scientific concepts. The purpose of the teaching science is to introduce
social language of school science to students (Leach & Scott, 2002). To this end,
teachers should not only use students’ daily language of science but also persuade
them to use scientific knowledge and follow their comprehension of science
(Mortimer & Scott, 2003). There is a conflict between students’ social language and
scientific explanations. Mortimer and Machado (1999) maintain that effective
teachers’ pedagogical strategies are related to both their discursive moves and
planning of activities to overcome this cognitive conflict. McMahon (2012) makes
suggestions about teacher discursive moves that teachers should challenge students’
ideas to make a relationship between student’s daily life observation and scientific
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explanation. Chin (2006) also concludes that CHAL move triggers students to make
a reflection on scientifically inaccurate responses, their thinking processes and to
explore their fallacy reasoning. Therefore, challenging moves have a great potential
to increase students’ sophisticated reasoning (Soysal & Yilmaz-Tuzun, 2009) and
facilitate to introduce the school language of science. Leach and Scott (2002) offer
suggestions for planning sequences of lesson for a meaningful learning. In this
sense, teachers should be aware of the difference between students’ daily language
of science and social language of school science to improve the teaching sequence.
With respect to this study, teachers did not successfully overcome the learning
demands of science concepts because of inadequate EBR, CHAL and RED
(relatively) moves. That is why students could not reach the most sophisticated

reasoning in both levels of ABI implementation.

5.2. Limitations

One of the limitations of this study was that analyzing classroom discourse was
limited with the whole class discussion during ABI implementation. However, small
group discussions, one of the parts of the ABI implementation, are also important to
identify the discursive moves, communicative approach performed by teachers and
the relationship between student’s cognitive contribution and students’ discursive
moves. In this study, the videos of small group discussion were not recorded because
of technical problems. Second limitation of this study was arisen from the purpose
of the study which was to deeply understand two teachers’ classroom discourse in
the medium and high levels of ABI implementation. Since there were limited
participants, findings will not be generalized to other cases. Third limitation of this
study was that students in individual cases were different grade levels and had
different levels of prior knowledge. The last limitation of this study was that there
were not field notes and interviews with teachers and students. The data could be
supported with different data sources for in-depth understanding of the classroom

discourse.
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5.3. Implication of the Study

The findings of this study are discussed with the current literature above. The
implications of this study are given for teachers and PD program. First, through
investigating TMDs, communicative approach and the relationship between TDMs
and students’ reasoning quality in medium and high levels of ABI implementation,
the factors that differentiate across the different implementation levels were
determined. In this sense, the trainers of PD programs can take into account these
factors in order to prepare content of in-service training. Second, for the meaning
making in science classroom, both dialogic and authoritative discourse are essential
depending on teaching purpose. This issue can be discussed with teachers by means
of video-recording of ABI implementation during PD program. In this way, teachers
will be aware of that only dialogic or authoritative approach do not provide effective
discourse. Thirdly, Martin and Hand (2009) state that teacher needs at least 18
months to change their pedagogical practice Although teachers improved some
TDMs within PD program in this study, they still had difficulty in displaying CHAL,
SFE and RED moves that were significant for the increasing students’ reasoning
qualities. Teachers should be encouraged to implemented ABI more frequently in
their classroom during the PD program. Moreover, teachers may need more time
and practice for the significant pedagogical change. Fourthly, during the PD
program, it can be emphasized that teachers should prepare their lesson plan by
considering learning demand of the science content. Moreover, it is also showed that
how learning demands influences students’ thinking and talking system. Finally,
teachers do not have awareness about the impact of their discursive moves on
students’ quantitative and qualitative cognitive contributions (Oliveira 2010; Soysal,
2018). During the longitudinal PD program, the relationship between TDMs and
students’ cognitive contribution will be examined with teachers as in this study. This
might allow them to make self-reflection on their pedagogy, in turn, increase their
awareness about the classroom discourse. Moreover, teachers can be given on-going
support to improve their TDMs for the effective classroom discourse within PD

program.
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5.4. Recommendation for Future Research

Recommendations for future research are presented as follows;

e As limitation of this study, further studies will be conducted with teachers who
have a low level of ABI as well as various RTOP scoring range in the same level
of ABI implementation.

e Similar study will be conducted in different grade levels with different science
context.

e The relationship between reasoning quality of students’ questions and teacher
discursive moves can be deeply investigated.

e The statistical analysis can be conducted in order to examine the relationship
between teacher discursive moves and students’ reasoning quality in different
implementation levels.

e [t can be crucial to investigate the relationship between students’ reasoning
quality and TDMs as well as communicative approach enacted by teachers in
different parts of ABI implementation (for example, initial negotiation, group
discussion and students’ presentation).

e In order to generalize the findings of this study, more teachers will be included

in future research.
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APPENDICES

APPENDIX A. ELEMENTS OF REASONING IN SCIENCE CLASSROOM
DISCOURSE

El El ts of EI ts of
of Reasoning  Reasoning Definition
Storyline  (General) (Specific)

Premise Premise Premise A statement describing the relevant characteristics or properties of the object about which
the Claim is made (i.e., the conditions for the claim). The Premise is the “given”
information from whence the Claim is derived upon. Includes: object, state of an object,
general expression (“subject of reasoning”), point of reference

Claim Claim Claim A claim about a specific premise. This includes either what something will do in the future
(prediction/ presumption), or is happening in the present or past (conclusion or outcome).
A claim could be expressed as a relationship among datapoints (evidence), statements
about single datapoints (data), and statements of generalized relationships (rules);
however, it is an isolated statement that is not used as backing.

Data A supporting statement (backing) describing the outcome of a single specific experiment

or a single observation in a personal anecdote or prior knowledge / books / tests in support
of a claim.

Evidence A supporting statement (backing) summarizing a related set of Data in support of a claim.
Backing Evidence is specific to the context in which the Data were collected. It describes a
contextualized relationship between two properties, a property and a consequence of that
property, or a finding, rather than a general principle or law.

Rule A supporting statement (backing) describing a generalized relationship, principle, or law
in support of a claim. This relationship is general in the sense that it is expected to hold
even in contexts and circumstances not previously observed.

Note. Reprinted from “A Framework for Analyzing Evidence-Based Reasoning in Science
Classroom Discourse” by Furtak, E. M., Hardy, I., Beinbrech, C., Shavelson, R. J. & Shemwell, J.
T. 2010, Educational Assessment, (15), 3-4, 175-196.
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APPENDIX B. THE OBSERVED TEACHER DISCURSIVE MOVES WITH
THE DESCRIPTION AND EXAMPLES

1. The Category of Knowledge Providing & Evaluating (KPE) Discursive

Moves

In KPE discursive moves, teachers provide knowledge to students by presenting
logical expositions, verbal cloze and asking for recalling. Additionally, they
evaluate students’ response by either accepting or rejecting (Soysal, 2017). As seen
in Table 1, the teacher provided students with canonical knowledge of science
during 208 by presenting a consistent idea or an argument. He affirmed students’

response by presenting logical exposition during turn 212.

Table 1. The Example of the Discursive Moves Including Sub-Categories of KPE

Turn  Speaker Utterance Discursive Move

208 T Let us briefly show with the symbol. We say F or  Presenting logical
K, it doesn't matter. So, what's it pulling down?  exposition//Asking  for

making prediction

209 S Gravity Force No Coding

210 T Well, remember from yesterday, it's gravity. / If Monitoring
gravity on the surface affects a mass, which (retrospective)//Asking
property of that object would be revealed? What  for recalling
properties of an object would be revealed by the
force of gravity acting on an object?

211 S Gravity Force No Coding

212 T Okay, // gravity is pulling this object down. We  Accepting//Logical

said that the gravity on world is different in
different months.

exposition//Asking  for
recalling

This example is taken from Teacher A’s medium level of ABI implementation.

2. The Category of Science Process Skills (SPS)

In these TDMs, teachers request students to show SPS such as, observing,
predicting, comparing and inferencing through the ABI implementation (Soysal,
2017). The example is listed in Table 2. During the turn 50, the teacher asked

students to compare sound waves to other waves. Then, students were asked to make
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a prediction about other students’ responses. All of these discursive moves are the

follow-up questions to the students’ previous responses.

Table 2. The Example of the TDMs including asking for observing, predicting,
comparing and inferencing

Turn  Speaker  Utterance Discursive Move
50 T Sound spreads in waves. When you say wave,  Accepting// Asking for
what waves do you associate with? simple comparison
51 S Sea waves. No Coding
52 T Well sea waves. Is the wave still in the sea? Accepting/Asking for
making prediction
53 S No, something has happened as a result of No Coding
interaction with the wind.
54 T Can wave occur without the wind? Asking for simple
comparison
55 S Students: yes

This example is taken from Teacher A’s high level of ABI implementation.

3. The Category of Communicating (COM) Discursive Moves

Communicating (COM) discursive moves include subcategories as follows;
probing, asking for an alternative response, requesting for -clarification,
reformulating, passive re-voicing, and embodying. The aim of this discursive moves
in this category is to understand the underlying meaning of students’ utterance and
to make students’ utterance more understandable and accessible to students. In other
words, communicating discursive moves provide an opportunity for students and
teachers to understand and communicate with each other (Soysal, 2017). The
example is given in Table 3. The teacher prompted students to expand her/his
response by asking the question during turn 11. After getting a response from the
student, the teacher requested student to clarify the meaning of “downward” during
turn 15. The teacher provided students with a concrete example for their
understanding of the direction of gravity during turn 17. After that, the student’s
response was transformed into a more understandable and accessible form for

students during turn 19.
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Table 3. The Example of the Discursive Moves Including Sub-Categories of

Communicating
Turn  Speaker  Utterance Discursive Moves
11 T Well // does the weight has any direction? Is ~ Accepting//Probing
there a direction of the weight on world?
12 S No, it exists, Yes, it exists No Coding
13 T Wait for your turn. Ensuring mutual respect
14 S Teacher,yes it is, the direction is down.
15 T Is it down to the ground? Requesting for clarification
16 S To gravity No Coding
17 T So when I release that coin Embodying
18 S Yes to the ground No Coding
19 T Yes, it has a direction Reformulating

This example is taken from Teacher A’s high level of ABI implementation.

4. The Category of Monitoring and Framing (MOF) Discursive Moves

The sub-categories of MOF discursive moves are monitoring, focusing and
summarizing. In the monitoring role, the teacher encourages students to monitor the
discourse in the classroom. This monitoring move can occur in three ways; on-moment
monitoring, retrospective monitoring and prospective monitoring. In the focusing role,
the teacher gets students’ attention to the students’ utterance or to the significant aspect
of the dialogue through ABI implementation. Additionally, in the summarizing role,
teacher summarizes the ideas that are discussed earlier (Soysal, 2017). As seen in the
Table 4 the teacher performed the prospective monitoring move by explaining that the
“topic of male and female voices” will be discussed later (turn 29). At the same time,
he promoted students to monitor what was happening in the classroom. He marked

students’ responses in order to focus their attention to it (turn 365).

Table 4. The Example of Discursive Moves Including Sub-Categories of Monitoring
and Framing

Turn  Speaker  Utterance Discursive Moves.
29 T Let's put that question aside. It's a question Monitoring
arousing curiosity, doesn’t it? Why are men voice (prospective)//Monitori
thicker than women voice?, Do not forget it. / ng (on moment)
Let's go on, we said that in inanimate beings, it
could sound like this.

363 S Decreased. No Coding
364 S But they did not decrease by the same rate. No Coding
365 T See your friend who says the same rate is not. Focusing//probing

Well, which one decreased more?
This example is taken from Teacher A’s and Teacher B’s high level of ABI implementation.
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5. The Category of Reflective Discourse Discursive Moves

The reflective discourse has two sub-categories; asking for evaluation and throwing.
The teacher can ask the student to evaluate in different ways, asking them to
comment on other students’ ideas (student-led), teachers’ ideas (teacher-led) and
cases(case-led). Moreover, the throwing is the discursive move where the teacher
gives the responsibility of learning and thinking to students (Soysal, 2017). The
example is given in Table 5. During turn 326, he asked students to evaluate the case
presented by teachers, whereas students were requested to evaluate the specific

students’ response during turn 406.

Table 5. The Example of the Discursive Moves Including Sub-Categories of
Reflective Discourse

Turn

Speaker

Utterance

Discursive Moves.

326

T

Unpeeled lemon’s volume is larger, peeled
one’s is smaller. // Well, when we look at a
peeled lemon, we say that the volume of the
unpeeled lemon is larger than the volume of the
peeled. The volume causes the lemon to sink in
one and the volume in the other causes the
lemon to float // Well, is it because of volume?

Reformulating//Summ
arizing//Asking  for
evaluation (case-
based)

337

No, Yes, it is only volume.

No Coding

405

The rate of propagation of the sound depends
on the type of matter.

No Coding

406

The rate of propagation of the sound depends on
the type of matter. Is it possible?

Passive re-
voicing//Asking  for
evaluation  (student-
led)

407

S

Teacher, the only missing thing here is the
amount of matter.

No Coding

This example is taken from Teacher A’s high level of ABI implementation.

6. The Category of Challenging (CHAL) Discursive Moves

Teachers can challenge with students’ ideas in two different ways; challenging by
playing devil’s advocate role and challenging by monitoring. They present counter
argument and contradictions by playing the devil’s advocate. Additionally, they
present conflicting ideas that are negotiated earlier in the classroom discourse

(challenging by monitoring) (Soysal, 2017). The example is given in Table 6.
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During the 48 turn, the teacher challenged the students presenting a conflictive view

that objects made of the same material can sink and swim.

Table 6. The Example of the Discursive Moves Including Challenging

Turn Speaker  Utterance Discursive Moves.

48 T So when we throw a coin into the liquid, Challenging (devils’
when it sinks, it is again made of iron, and advocate)//Embodying//Aski
this is a metal, and a ship made of metal is ng for evaluation (case-
floating on the surface of water. / You based)

throw a coin which is made of metal, it

sinks into the water, you throw the ship, it

does not sink. / Why would you say that? A

coin made of metal, you throw it into the

water, a big ship does not sink. Why is that?

You put it on it, I wonder why? // Ali?
49 S Water has a buoyant force No Coding
50 S Why doesn’t it affect the metal? No Coding

This example is taken from Teacher A’s medium level of ABI implementation.

7. The Category of Seeking for Evidence (SFE) Discursive Move

In this TDMs, teachers encourage students to make a claim based on evidence by
Prompting evidence-based reasoning (Soysal, 2017). The example is given in Table
7. During turn 255, the teacher requested students to support their claim with

evidence.

Table 7. The Example of the Discursive Moves Including Seeking for Evidence

Turn  Speaker Utterance Discursive Moves.
255 T So was your question and claim like ~ Prompting for EBR
this?. So did you verify your claim?

256 S Yes teacher, So we have verified in No Coding

our experiments. We have verified
our experiment.
This example is taken from Teacher A’s high level of ABI implementation.

8. The Category of Modelling Discursive Move

In the modelling discursive moves, teachers model how scientists form research
questions, collects data to answer research questions, control the variables in the
experiment and so on. Overall, in these roles, teachers model the characteristics of

the processes of science. These discursive moves are necessary for the ABI
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implementations since students are expected to carry out the experiments to address
their research questions. Thus, students are involved in forming research questions,
collecting data, making claims based on evidence (Soysal, 2017). As given in Table

8, during turn 18, he modeled how a scientist formed measurable research question.

Table 8. The Example of the Discursive Moves Including Modelling

Turn  Speaker Utterance Discursive
Moves.
185 T Well, then we wrote our question here. / We can fix our ~ Monitoring (on-
question to be measurable moment)
/Models
186 S So how can we change the sound from thin to thick? No Coding

This example is taken from Teacher B’s medium level of ABI implementation.

9. The Category of Labelling and Naming (LAN) Discursive Moves

In the LAN discursive moves, teachers request students to assign labels on concepts
(Soysal, 2017). The example is given in Table 9. During 206 turn, he asked students
to label the concept they discussed.

Table 9. The Example of Teacher A Discursive Moves Including Labelling and

Naming
Turn  Speaker Utterance Discursive Moves.
206 T So, how can we call it? Asking for assigning
labels
207 S Buoyant force No Coding

This example is taken from Teacher A’s medium level of ABI implementation

10. The Category of Ensuring Mutual Respect (EMR)

The EMR discursive move has an important role in creating comfortable
environment for ABI implementation (Soysal, 2017). The example is given in Table
10. During turns 551 and 423, the teacher acted to provide classroom management

for the negotiation of the ideas.
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Table 10. The Example of the Discursive Moves Including Ensuring Mutual Respect

Turn Speaker  Utterance Discursive Moves
100 T Stop, let’s listen to the description, do not Ensuring mutual
interrupt. respect
422 S Student: Teacher can we ask questions? No Coding
423 T Teacher: No, after completion, you can. Ensuring mutual
respect

This example is taken from Teacher B’s medium level of ABI implementation.
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APPENDIX C. TURKISH SUMMARY / TURKCE OZET

Aragtirma sorgulamaya dayali fen egitiminin gereklilikleri g6z Oniinde
bulunduruldugunda, arastirma ve deney yapmalarinin otesinde, Ogrencilerin
iddialarin1 olusturduklari, bu iddialarimi delillerle destekledikleri, akranlarinin
iddialarma kars1t argiiman sunup onlarin da fikirlerini degerlendirdikleri sinif
sOyleminde Ogrencilerin aktif katiliminin énemine vurgu yapan pek cok calisma
vardir (Driver, Newton ve Osborne, 2000; Lehrer ve Schauble, 2006). Etkili sinif
sOylemi, Ogrencilerin akranlar1 ve Ogretmenleriyle etkilesimde bulunmalarina
olanak saglamasina ek olarak, ayn1 zamanda, onlarin kavramsal 6grenmelerini de
destekler. (Candela, 2005; Chin 2007, Molinari ve Mameli, 2013). Geleneksel sinif
sOylemlerinde ¢ogunlukla &gretmenin soru sordugu, &grencilerin cevapladigy,
ogretmenin 6grenci cevabint dogru veya yanlis olarak degerlendirdigi tiglii diyalog
format1 olan IRE (baslangi¢c-yanit-degerlendirme) hakimdir. Bu tiir bir diyalogun
hakim oldugu smiflarda 6grenciler arasi etkilesim azdir (Macbeth, 2003; Mehan,
1979) ve 6gretmen konusmasi daha baskindir (Alexander, 2005; Crawford, 2005;
Mercer, Dawes ve Staarman, 2009). Arastirma sorgulamaya dayali 0grenme
ortamlar1 ise 68renci katilimini destekleyen diyaloglar1 kapsamaktadir (McNeil ve
Pimentel, 2010). Literatiirde, 6gretmenin etkili sinif sdylemini saglamadaki roliiniin

arastirtlmasi, giderek daha fazla yer almaktadir (Smart ve Marshall, 2013).

Scott (1998), sinif sdylemini, 6gretmen, 6grenci ve sinif sdyleminin 6zelliklerini goz
onlinde tutarak, otoriter ve diyalojik olarak smiflandirmistir. Otoriter sinif
sOyleminde, Ogretmenler bilgi aktarmaya ve tek bir bakis acisina odaklanma
egilimindedir. Bu baglamda, otoriter sOylemsel hamleler, daha once tartigilan
fikirleri 6zetleme (van Booven, 2015), 6grencilerin fikirlerini reddederek veya kabul
ederek degerlendirme (McMahon, 2012), dogrudan bilgi verme (Scott, 1998),
ogretmenin kafasinda tek bir dogru cevabi olan ve bu cevap etrafinda sekillenen
sorular sorma (Mortimer ve Scott, 2003; Scott, 1998) ve 6grencilerin ciimlelerini

tamamlamalarina izin vermeden cevaplarin1 kesme (Chin, 2006) olabilir. Diyalojik
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smif sOyleminde ise Ogretmenler, Ogrencilerin fikirlerini derinlestiren sorular
sorarak farkli goriisleri kesfetmeleri i¢in firsatlar sunar. Bu baglamda, 6grencilerden
cevaplarint netlestirmelerini isteme, fikirlerini derinlestirmelerini isteme,
dikkatlerini siniftaki bir sdyleme odaklama, dersi takip etmelerini isteme,
ogrencilerin kendi 6grenme siirecinin sorumlulugunu almalarina izin verme (van
Zee ve Minstrell, 1997b), dgrencilerin karsi argiiman gelistirmelerini saglama ve
ogrencilerin fikirlerini temellendirmelerini isteme (Simon, Erduran ve Osborne,
2006) diyalojik sdylemsel hamlelere Ornektir. Wertsch ve Toma (1991), “simif
sOyleminde ise kosulan soysal diizlemin isleyisin sonraki bireysel diizlemin
isleyisine yansiyacagini” belirtmistir (s. 171). Bu baglamda, smif sdyleminin
ozelligi, Ogrencinin bireysel diizlemdeki diislinme silirecinin  kalitesini
etkilemektedir. Sinif séylemi alanindaki bazi caligmalar, otoriter sdylem yerine
diyalojik s6ylemin 6grenci merkezli yaklasimi desteklemede 6nemli rol oynadiginin
altin1 ¢izmektedir (Alexander, 2006; Chin, 2006, 2007; Martin ve Hand, 2009). Ote
yandan, diger calismalar, dersin amacina bagli olarak, otoriter ve diyalojik
yaklagimin kullanimi arasinda bir denge olmasi gerektigini gostermistir (Aguiar,
Mortimer ve Scott, 2010; Mortimer ve Scott, 2003). Baska bir deyisle, sinifta
bilimsel kavramlarin anlamli 6grenilmesi i¢in hem otoriter hem de diyalojik sdylem
yaklagimlarinin kullanilmas1 gereklidir ¢iinkii otoriter sdylem “kiiltiirel olarak
degerli icerigin giivenilir aktarimi ve siirekliligini saglar” iken, diyalojik sdylem ise
“yaraticilig1 tesvik eder ve yenilige izin verir” (Sedova, Sedlacek ve Svaricek, 2016,
s. 15). Bu caligmada hem diyalojik hem otoriter sdylemsel hamleler, Arastirma

Sorgulama Tabanli Ogretim (ATBO) yaklasimi baglaminda incelenmistir.

Aragtirmalar, 6gretmenin sdylemsel hamleleri ile Ogrencilerin biligsel katkilari
arasinda bir iliski oldugunu gostermistir. Sinif sdylemi arastirmalari alaninda,
ogrencilerin biligsel katkilar1 hem nicel hem de nitel yontemler ile arastirilmistir.
Ogrenci cevaplarinin uzunlugu ve 6grenci konusmasinin smif sdylemi ig¢indeki orani
iizerinden 6grencilerin nicel katkisi aragtirilmistir (Soysal ve Yilmaz-Tiiziin, 2019).
Ayrica, 6grencilerin biligsel katkilarinin niteligi, biligsel beceriler, argiimanin yapisi
ve akil yiiriitme kalitesi acisindan incelenmistir. Onceki ¢alismalar ¢ogunlukla
Ogretmen sorulariin 6grencilerin biligsel katkilari lizerindeki etkilerini aragtirmistir

(Soysal ve Yilmaz-Tiiziin, 2019). Arastirmalar (6r. Erdogan ve Campbell, 2008;
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Smart ve Marshall, 2013; van Zee ve Minstrell, 1997b) a¢ik uglu sorularin dogrudan
ogrencilerin biligsel katkisi ile ilgili oldugunu gdstermistir. Ornegin, Martin ve Hand
(2009) ile McNeill ve Pimentel (2010), dgrencilerin sorgulama stratejileri ile
sunduklar1 argiimanlarin yapilar1 arasinda bir iligki oldugunu belirtmislerdir. Ayrica
sinif sdyleminde kullanilan agik wuglu 6gretmen sorularinin, &grencilerin,
ogretmenleri ve akranlariyla etkilesime girmesi olarak tanimlanan 6grenci sesini
artirdig1 sonucuna varmuslardir. Ogrencinin sesi simif sdyleminde arttik¢a iddiada
bulunma, iddialara gii¢lii deliller sunma gibi argiiman yapisinin kalitesinin
gostergeleri de artmaktadir (Martin ve Hand, 2009; Mercer, Dawes, Wegerif ve Sam
2004; Naylor, Keogh ve Downing, 2007). Durum bdyle olunca, &grencilerin
katkisindaki (6grenci sesi) nicel artig, onlarin bilissel katkisinin (argiiman yapisi) da
niteliksel olarak artmasina neden olabilmektedir (Soysal, 2017). Ote yandan, Boyd
ve Rubin (2006), 6grencilerin cevaplarini derinlestiren yapisik sorularin, sorularin
yapisindan ziyade (ag¢ik u¢lu ve kapali uclu sorular), 6grencilerin biligsel becerilerini
artirdigin1 6nermektedirler. Baska bir deyisle, tiim ag¢ik uglu sorular, 6grencilerin
biligsel siireglerini desteklememekte ve tiim kapali uglu sorular da ogrencilerin

biligsel katkisini sinirlamamaktadir.

Argiimantasyon hem bireysel hem de sosyal diizeyde ger¢eklesmektedir (Jimenez-
Aleixandre ve Erduran, 2008; McNeill ve Pimentel, 2010). Bireysel diizeyde,
bireyler iddialarim1 akil yiiritme yoluyla delillere dayandirarak yapilandirirlar
(Driver vd., 2000; McNeill, 2009). Fakat sosyal diizeyde gerceklesen
arglimantasyon, bireylerin birbirlerinin iddialarin1 ve kanitlarmi sorguladiklari;
birbirlerini, iddialarinin gegerliligi konusunda ikna etmek i¢in ¢aba gosterdikleri
sosyal etkilesimi igerir (Berland ve Reiser, 2011). Bu a¢idan bakildiginda hem
bireysel hem de sosyal diizeydeki argiimantasyon sinif sdyleminde gereklidir ¢ilinkii
argliman, bireysel diizeyde yapilandirilir ve sonrasinda anlam, sosyal diizeyde
miizakere edilir. Ogretmen pratiginin argiimantasyon sdylemine dogru kaymasi
yalnizca Ogrencilerin sesinin baskin oldugu degil, ayn1 zamanda onlara miizakere
etme firsat1 verilen bir 6grenme ortami yaratmaya yonelik olarak sinif séylemini de
degistirmeyi gerektirir (Crawford, 2000). Argiimantasyonun fen siniflarinda yer
almas1 gerektigi goz oniline alindiginda, arglimantasyonun siniflara entegrasyonu
icin farkli 6gretim ve 6grenme teknikleri gelistirilmistir (Cavagnetto, 2010; Yun ve
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Kim, 2015). Bu calismada, ii¢ farkli arglimantasyon temelli yaklagimdan gomiili
yaklagim secilmistir. Gomiilii yaklasimlardan biri olan ATBO, &grencilere bilginin
yapilandirilmasi i¢in gerekcelerini miizakere etmelerine ve akil yiiriitmeleri iizerine
yansitic diistinmelerine firsat veren dil temelli bir argiiman yaklagimidir (Driver vd.,
1994, 2000; NRC, 1996). Bu yaklasim, 6grencilerin sozlii ve yazili argiimanlari
kullanarak kavramsal 6grenmelerini gelistirmelerine yardimci olur (Hand ve Keys,

1999).

Ogretmenin pedagojik stratejileri, ATBO uygulamasinin kalitesi veya diizeyi ile
iligkilidir (Benus, Yarker, El ve Norton-Meier, 2013; Kili¢ 2016; Omar ve El, 2004;
Yesildag-Hasangebi ve Kingir, 2012). Bu ¢alisma kapsaminda 6gretmenlerin RTOP
puanlari, orta ve yiksek diizeyde ATBO uygulama yaklasimi olarak
siiflandirilmigtir. Bununla birlikte, 6gretmen gozlem protokolii (Reformed Based
Observation Protocol, RTOP) skoru aslinda ATBO uygulamasinin kalitesiyle ilgili
olsa da (Cavagnetto vd., 2010; Martin ve Hand, 2009), farkli uygulama seviyeleri
arasinda farklilik gosteren faktorler yakindan incelenmeli ve tanimlanmalidir
(Benus vd., 2013). Ogretmenlerin, fen bilimleri dersinde ATBO uygulamalarini
daha yiiksek uygulama seviyesine dogru nasil ilerlettiklerini goérmek igin,
Ogretmenlerin  sOylemsel hamlelerinin detayli bir sekilde karsilastirilarak
arastirilmasina ihtiyag¢ vardir (Kim ve Hand, 2015; Pinney, 2014). Bu karsilastirma,
ayni zamanda uygulama kalitesi arttik¢a sinif sdylemenin nasil degistigine de 151k

tutacaktir.

Caligmalar (6rnegin, Kazemi ve Hubbard 2008), anlamli 6grenme siirecinde sinif
sOylemini gelistirmek i¢in Ogretmenlerin mesleki gelisim programina ihtiyag
duyduklarim ileri stirmektedir. Ek olarak, mesleki gelisim programlarinin 6zelligi,
ogretmenlerin pedagojik degisiklikleri i¢in dnemli bir faktordiir. Ayrica, literatiirde
kisa siireli mesleki gelisim programinda Ogretmenlerin pedagojik ilerlemesi
incelenmistir (Benus vd., 2013). Etkili mesleki gelisim programinin sinirh ve siireli
bir sekilde degil daha c¢ok bir siire¢ olarak ele alinmasi gerektigi goriilmektedir
(Loucks-Horsley ve digerleri, 1987, 1998). Dahasi, 6gretmen pedagojisinin
ilerleyisi siirekli ve tekrarli bir ¢aba olarak goriiliir (McLaughlin ve Marsh, 1978).
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Bu baglamda, 6gretmenlerin pedagojik gelisimini boylamsal ve siirekli bir mesleki

gelisim programi kapsaminda arastirmak gerekmektedir.

Bu ¢alisma, ATBO yaklasimi baglaminda yiiriitiilen bir mesleki gelisim programi
kapsaminda gerceklestirilmistir. Calismanin  temel amaci, fen bilimleri
ogretmenlerinin orta ve yiiksek diizey ATBO uygulamalarinda sinif sdylemini ve
ogrencilerin akil yiiriitmelerini incelemektir. Calismanin amaci dogrultusunda,
farkli diizey ATBO uygulamalarinda 6gretmenlerin sergiledikleri sdylemsel
hamleler incelenmistir. Bununla birlikte, 0gretmenlerin orta ve yiiksek diizey
uygulamalarda kullandiklar iletisimsel yaklasimlar arastirilmistir. Son olarak,
caligmada, 6gretmenlerin sdylemsel hamleleri ve 6grencilerin akil yliriitme kalitesi
arasindaki iliskinin farkli fen konular1 baglaminda incelenmesi hedeflenmistir.

Calismada asagidaki sorulari ele alinmistir:

1. Orta ve yiiksek ATBO uygulamasinda dgretmenler tarafindan gergeklestirilen
sOylemsel hamleler nelerdir?

2. Orta ve yiiksek ATBO uygulamasinda &gretmenler tarafindan gerceklestirilen
iletisimsel yaklasimlar nelerdir?

3. Farkli fen konular1 baglaminda, orta ve yiikksek ATBO uygulamasinda
ogretmenlerin sdylemsel hamleleri ve ogrencilerin akil yiirlitme kaliteleri

arasindaki iliski nedir?

Bu c¢alismada, arastirma sorularin1 cevaplamak i¢in bir nitel arastirma yaklagimi
olan durum caligmast arastirma tasarimi kullanilmis bu da arastirmacinin, iki
dgretmenin orta ve iist diizey ATBO uygulamalarinda sinif séylemini derinlemesine
anlamasini saglamistir. Caligmada, arastirma sorusu ile ilgili ¢esitli perspektifleri
temsil etmek amaciyla birden ¢ok durum ele alinmasi gerektiginden, durum
caligmasinin bir ¢esidi olan ¢oklu durum c¢alismasi kullanilmistir (Creswell ve Poth,
2018). Coklu durum caligmasi, arastirmacilara durumlarin kendi icinde ve
aralarindaki farkliliklar1 veya benzerlikleri belirleme olanagi saglamaktadir (Yin,
2003). Bu sebeple, iki durumun bulgular1 arasindaki farkliliklar1 ve benzerlikleri

arastirmak i¢in karsilastirmali durum analizi yapilmstir.
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Calismadaki katilmc1  iki  dgretmen, TUBITAK tarafindan desteklenen
“Argiimantasyon Tabanli Bilim Ogrenme Yaklasimmin Hizmetici Egitim
Programlar1 Yoluyla ilkdgretim Seviyesindeki Ogretmen Pedagojisi Uzerine ve
Ogrenci Akademik Basari, Beceri ve Tutumlarma Olan Etkisinin Arastirilmasi
Projesi” kapsaminda, mesleki gelisim programina katilan 6gretmenler arasindan
amacli 6rneklem yontemiyle se¢ilmistir. Amacli se¢im kriteri dgretmenlerin ATBO
yaklasimini uygulama seviyesidir. Ogretmenlerin kimligini sakli tutmak amaciyla

bu ¢alismada Ogretmen A ve Ogretmen B olarak isimlendirilmislerdir.

Mesleki gelisim programu ii¢ temel bilesenden olusmaktadir: 1) Hizmet i¢i egitimler
2) Siirekli destek 3) Olgme ve degerlendirme faaliyetleri. Ogretmenler, her biri bes
giin siiren bes hizmet ici egitime katilmislardir. Her bir hizmet i¢i egitim, ATBO
yaklagimi i¢in dnemli temalara odaklanmaktadir. Bu temalar; ATBO yaklasimmin
tanitilmasi, soru sormanin énemi, ATBO simif uygulamasmin degerlendirilmesi,
ogretmenlerin pedagojik uygulamalarindaki degisimin ve smif deneyiminin
paylasilmas1 ve 6gretmen miizakere dongiistidiir. Her hizmet i¢i egitimin belirli bir
temas1 olmasina ragmen, egitim programlarinda ii¢ temel unsur bulunmaktadir. 1k
olarak, her bir egitim, 6gretmenlerin 6grenme ve d6gretme konusundaki inanglarini
ve algilarim sorgulamalarina firsat vermistir. Ikinci olarak, 6gretmenler, ATBO
yaklagimini 6grenen olarak tecriibe etmiglerdir. Bu baglamda, 6gretmenlerin kendi
ogrenme siireclerine yansitict bakmalar1 saglanmigtir. Son olarak 6gretmenler, bir
sonraki akademik donemde ATBO yaklasimini simiflarinda uygulamak igin iinite
hazirhgr yapmislardir. Mesleki gelisim programi kapsaminda, projeye katilan
ogretmenlere siirekli destek (cevrimici ve yerinde destek) verilmis; sif
uygulamalar1 hakkinda geri bildirimde bulunarak 6gretmenlerin  ATBO
uygulamalarim gelistirmelerine firsat verilmistir. ATBO uygulamast ii¢ boliimden
olusmaktadir; girig tartismasi, 6grenci arastirmalar1 ve biiyiik grup tartismasi. Bu
caliymadaki ogretmenler, farkli fen konularinda ATBO uygulamalarini

gergeklestirmislerdir.

Ogretmenlerin dahil olduklar1 proje kapsamindaki ATBO uygulamalarmin
diizeyleri, “matematik ve fen alanindaki reform uygulamalarin1” 6lgmek icin bir

ara¢ olan Ogretmen Gozlem Protokolii (Reformed Based Observation Protocol,
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RTOP) (Sawada vd., 2002) araciligiyla belirlenmistir. Ardindan, Martin ve Hand
(2009), ATBO yaklasiminin bilesenleri ile orijinal RTOP’un maddeleri arasindaki
uyumu saglayarak RTOP’u modifiye etmistir. 13 maddelik RTOP; 6grenci sesi (5
madde), 6gretmen rolii (2 madde), problem ¢d6zme ve akil yliriitme (5 madde) ile
soru sorma (1 madde) olmak iizere 4 kategoriden olusmaktadir. Bu ¢alismada ise

soru sorma kategorisine madde eklenmis RTOP kullanilmistir.

Calismanin verilerini boylamsal mesleki gelisim programina katilan iki katilimer
ogretmenin orta ve yiiksek diizey ATBO uygulamalarmin video kayitlari
olusturmaktadir. Ogretmenlerin  ATBO uygulamalarmin  video kayztlari,
ogretmenlerin sOylemsel hamlelerini, 6grencilerin akil yiirlitme becerilerini ve
ogretmenlerin  kullandig1 iletisimsel yaklasimlart analiz etmek i¢in desifre
edilmistir. Ogretmenlerin orta ve yiiksek diizey ATBO uygulamalarindaki sinif
sOylemini arastirmak i¢in yapilan desifreler, sdylem analizinin bir dali olan
sistematik gozlem yoluyla analiz edilmistir (Mercer, 2010). Sistematik gozlem
yaklagimi, kodlama ve sayma olmak iizere iki asamadan olusmaktadir. Calismada,
diger arastirmacilar tarafindan gelistirilen kod kataloglar1 kullanilmistir. Kodlama
asamasindan sonra, Ogrenci akil ylriitme kalitesi, 6gretmenlerin kullandiklar:
iletisimsel yaklagimlar ve soylemsel hamleler sayilarak frekans ve ytlizde dagilimlar:
belirlenmistir. Sistematik gézlemin, “anlamlarin belirsizligi, anlamlarin zamansal
gelisimi ve ayn1 goriiniis bicimindeki ifadelerin oldukga farkli fonksiyonlara sahip
olabilecegi” gibi sinirliliklar1 bulunmaktadir (Mercer, 2010, s. 4). Bu calismanin
analizinde, sistematik gézlem yonteminin sinirliklarinin iistesinden gelmek igin,

icerik gdz onilinde bulundurulmustur.

Bu c¢aligmanin ilk sorusunu cevaplamak icin 6gretmenlerin sOylemsel hamleleri
analiz edilmistir. Soysal’in (2019) “Ogretmen sdylemsel hamleler kodlama
katalogu” (SHKK) kullanilmigtir. Bu katalog, sdylemsel hamlelerin tiirlerini ve
islevlerini gosteren 10 kategori, 34 alt kategori ve 200'den fazla analitik koddan
olusmaktadir. Lincon ve Guba (1985), gerektiginde calismalara yeni kodlar
eklenerek katalogun revize edilecegini belirtmistir. Bu ¢alismada, kullanilan
katalogda olmayan ogretmen sOylemsel hamlelerine ihtiya¢ duyuldugundan,

SHKK’ye yeni kodlar eklenmistir. Ikinci arastirma sorusunu cevaplamak igin,
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dersin her bir pargasi, Mortimer ve Scott’un (2003) “iletisimsel yaklasim tiirleri’ne
gore kodlanmustir. Iletisimsel yaklasim, 6gretmenin, 6grencilerin fikirlerini dikkate
alip almadigint ve onlarin 6grencilerle etkilesim ic¢inde olup olmadigim
degerlendirmektedir. iletisimsel yaklasim, etkilesimli-etkilesimsiz ve diyalojik-
otoriter olmak iizere iki boyutta incelenmektedir (Mortimer ve Scott, 2003). Bu
noktadan hareketle, iletisimsel yaklagim dort temel tiir tiirde incelenmektedir;
diyalojik etkilesimli, diyalojik etkilesimsiz, otoriter etkilesimli ve otoriter
etkilesimsiz. Uciincii arasgtirma sorusunu cevaplamak igin ise &grenci cevaplari
“Ogrencilerin akil yiiriitme kalitesi ¢ergevesi’ne (Furtak ve digerleri, 2010; Hardy
ve digerleri, 2010; Shemwell ve Furtak, 2010) gore kodlanmistir. Bu ¢ergeve, sinif
sOyleminde akil yiiriitmenin ne dlgiide gergeklestigini incelemek amaciyla dnceki
caligmalara dayanarak gelistirilmistir (Furtak ve digerleri, 2010). Akil yiirlitme
kalitesi dort tipolojiden olusmaktadir. En basitten en karmasiga gore so6z konusu
tipolojiler sunlardir; desteklenmemis akil yiiriitme, veri temelli akil yiiriitme, delil
temelli akil yiirlitme, kural temelli akil yiiritme. Her bir soru ig¢in yapilan
kodlamalarda, o6gretmen sdylemsel hamlelerinin, 6gretmenlerin kullandiklari
iletisimsel yaklasimlarin ve dgrencilerin akil yiiriitme kalitelerinin tekrar edilme
sikliklar1 belirlenmistir. Her arastirma sorusunu cevaplamak i¢in Ogretmen A ve
Ogretmen B icin bireysel durum analizi yapilmistir. Bununla birlikte, durumlar
arasindaki benzerlikleri ve farkliliklar: belirlemek i¢in karsilagtirmali durum analizi
yapilmistir. Karsilastirmali durum analizi yapildiginda, dgretmenlerin farkli sinif
diizeylerinde ve farkli konularda uygulama yapmalarina ragmen sinif sdyleminin ve

ogrencilerin akil yliriitmelerinin benzer oldugu goriilmektedir.

Bu calismanin  bulgular;, &gretmenlerin orta ve yiiksek diizey ATBO
uygulamalarinda hem diyalojik ve hem otoriter sdylemsel hamleler sergiledigini
gostermektedir. Sadece diyalojik ya da sadece otoriter sdylemsel hamleler, ATBO
uygulamasinin amacini karsilamak icin yeterli degildir ¢linkii 6gretmen, diyalojik
sOylemler araciligiyla 6grencilerin alternatif diisiinme ve konusma sistemini
kullanmalarina izin verirken otoriter hamleler ile bilimsel diisiinme ve agiklama
sistemini kullanmalarina olanak saglamaktadir (Soysal, 2007). Ogretmenlerin orta
ve yiiksek diizey ATBO uygulamalarindaki sdylemsel hamleleri kiyaslandiginda,
bilgi saglayic1 ve degerlendirici (BSD), iletisim (ILE) ve yansitict sdylem (YS)
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hamlelerinin goriilme siklig1 ylizdelerinin en fazla degistigi; modelleme (MOD),
karsilikli saygry1 saglama (KSS), isimlendirme (ISI), celdirme (CEL), delillendirme
(DEL) ve bilimsel siire¢ becerileri (BSB) hamlelerinin goriilme siklig1 yiizdelerinin
ise en az degistigi gozlenmistir. Ogretmenlerin, yiiksek diizey ATBO
uygulamalarinda, daha az siklikla bilgi verdikleri ve 6grenci cevaplarimi bilimsel
bilgi baglaminda dogru veya yanlis seklinde degerlendirdikleri goriilmektedir.
Dolayisiyla, 6gretmenlerin yiiksek diizey uygulamada sinif sdyleminin ii¢lii diyalog
olarak IRF (soru sorma-cevaplama-degerlendirme) yapisinin Gtesine gectigi ve
ogrenci fikirlerinin kesfedildigi bir O6grenme ortami oldugu sdylenebilir.
Ogretmenlerin pedagojik gelisimi boyunca BSD hamlelerinin gériilme sikligmin
degisimi RTOP’un 6grenci sesi, 6gretmenin rolii ve akil yiirlitme ile problem ¢6zme
becerileri kategorileri baglaminda Ogretmenin gelisimine yansimis olabilecegi
diistiniilmektedir. Ayrica, YS hamleleri acgisindan, dgretmenlerin yiiksek diizey
ATBO uygulamalarinda, &grenci veya kendi sdylemleri hakkinda diger
ogrencilerden degerlendirme yapmalarini isteme ve Ogrenci sodylemlerindeki
celigkileri aciga ¢ikarma gibi hamlelerin siklig1 daha fazladir. Benzer bir sekilde
diger arastirmalar da ATBO uygulamasinin kalitesi arttikga Ogretmenlerin,
ogrencilerini birbirlerinin fikirlerini degerlendirmelerine ve fikirleri iizerine
yansitici diislinme yapmalarina daha fazla tegvik ettigini bulmuslardir (Kilig, 2016;
Kim ve El, 2015; Martin ve Hand). Yansitici sdylemler, 6grencileri fen kavramlarini
kritik etmelerini ve bunlar hakkinda degerlendirme yapmalarini tesvik ettiginden
arglimantasyonun sosyal yoniinii desteklemektedir (Berland and Reiser, 2011). Bu
baglamda, yansitict sdylemler, RTOP’un biitiin kategorileriyle iliskilidir. ILE
hamlesi, 6gretmenlerin orta ve yiiksek diizey ATBO uygulamalarinda ¢ogunlukla
gergeklestirdikleri hamlelerdir. Bagka bir deyisle, oOgretmenlerin Ogrenci
sOylemlerinin altindaki akil yiiriitme ve anlami anlamaya yonelik hamleleri
¢ogunluktadir. Orta diizeyin aksine, yiiksek diizey uygulamada, Ogretmen A’nin
ILE hamlesi siklig1 daha fazla iken, Ogretmen B’ninki daha azdir. ILE hamlelerinin
alt kategorilerine bakildiginda, Ogretmen A’nin yiiksek uygulama diizeyinde
“yeniden yapilanma” hamlesini %10 daha fazla sergiledigi goriilmektedir. Yeniden
yapilandirma hamlesi, bilimsel bir kavrami O6grencilere tanitirken ve ogrenci
cevabini netlestirmek i¢in kullanilmaktadir (O’Connor ve Michael, 1996). Bu

nedenle, Ogretmen A’nin simifindaki 6grencilerin diyalojik etkilesime daha fazla
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dahil olduklar1 diisiiniilmektedir. Ogretmen A’nin ILE hamlesindeki artis da,
RTOP’un kategorileri baglaminda Ogretmen B’den daha fazla gelisim gdstermesi
ile aciklanabilir. Soysal (2019) da ILE hamlelerinin dgrenci sesinin nicel olarak

artmasina katki sagladigini ifade etmistir.

Ote yandan, MOD, KSS, ISI, CEL, DEL ve BSD hamlelerinin siklig1, 6gretmenin
pedagojik degisimi boyunca az degisen hamlelerdir. ilk bes hamle ise iki uygulama
seviyesinde de nadiren gdzlenmistir. Ik olarak, MOD hamlesi 6grencilere bilim
insanlarinin nasil ¢alistigini gostermek icin kullanilir; 6rnegin, veri toplama, 6l¢iim
yapma, degiskenleri kontrol etme. Bu ¢alismada, 6gretmenlerin MOD hamlesini
nadiren gerceklestirdikleri goriilmiis; bunun sebebi de Ogretmenlerin sadece,
ogrenciler caligmalarini siif niinde sunarken ve bulgular1 hakkinda birbirleriyle
miizakere ederken bu hamleyi kullanmaya ihtiya¢ duyduklari seklinde agiklanmastir.
KSS hamlesi, miizakerelerin devamliligin1 saglamak i¢in, 6grencilere birbirlerini
aktif bir sekilde dinlemeleri gerektiginin ve tartisirken birbirlerini muhatap almalar:
gerektiginin hatirlatilmasi seklinde sergilenmektedir (Soysal, 2007). Bu c¢alismada
ogretmenler, ATBO uygulamalar1 boyunca, dgrenciler bilissel ve fiziksel olarak
aktif olduklar1 i¢in smif yonetimini saglamaya yonelik hamlelere nadiren ihtiyag
duymuslardir. Ogretmenler, her iki uygulama seviyesinde de 6grencilerin sunumu
sonunda kavramlar1 miizakere etmedikleri icin ISI hamlesini sergilemeye ihtiyac
duymamuslardir. RTOP kategorileri dogrudan MOD, KSS ve IS hamleleri ile iliskili
degildir.

Ogretmenlerin, her iki uygulama diizeyinde de CEL ve DEL hamlelerini
sergilemekte zorluk ¢ektikleri goriilmustiir. CEL ve DEL hamlelerinin, 6grenciler
arasi etkilesimi tetiklemeyi saglayacak nitelikte olmakla birlikte, yiiksek uygulama
seviyesinde daha fazla serginlenmeleri beklenir. Ayni1 zamanda bu hamleler
RTOP’daki biitiin  kategorilerle iligkilidir. Ogretmenlerin bu hamlelerde

zorlanmalar1, uygulama 6ncesi hazirliklarinin eksik olmasi ile iliskilendirilebilir.

Izleme (IZ) ve bilimsel siire¢ becerileri hamleleri (BSB), her iki uygulama
seviyesinde de baskin olarak gézlemlenmistir. Bu hamleler, ATBO uygulamalarmin

temel hamleleridir. 1Z hamleleri, dgrencilerin sinif sdylemindeki miizakereyi

141



izlemelerini ve tartigilan fikirler hakkinda diistinmelerini saglayarak Ogrencileri
biligsel olarak aktif tutmaktadir (Soysal, 2007). Bu nedenle bu hamleler,
ogretmenlerin ATBO uygulamasmin biiyiik diisiincesine ulagsmalarina yardimci
olmaktadir. Ayrica, BSB hamleleri, 6grencilerin giinliikk diisiinme ve agiklama
sistemlerini ortaya ¢ikarmak icin ¢ok Onemlidir. S6z konusu sdylemsel hamleler
RTOP kategorilerindeki maddelerle dogrudan iliskili olmamakla birlikte, bu

maddelerin ger¢eklesmesi i¢in 6n diizenleyicidir.

Bu calismada, ATBO uygulamasi boyunca &gretmenlerin pedagojik gelisimine
bakildiginda, 6gretmenlerin boylamsal mesleki gelisim programi kapsaminda bazi
pedagojik stratejiler gelistirdikleri gosterilmistir. Bununla birlikte, 6gretmenlerin
CEL ve DEL hamlelerini sergilemekte zorlandiklar1 goriilmiistiir. Bu agidan
calismanin  bulgular;, diger caligmalarla ortiismektedir. Ornegin, Boyle,
Lamprianou, and Boyle (2005), 6gretmenler uzun soluklu mesleki gelisim
programina katilsalar bile, pedagojik degisim zor oldugu icin biitlinsel olarak

degisemediklerini ifade etmistir.

Ogretmenler, yiiksek diizey ATBO uygulamasinda etkilesimli / diyalogik iletisimsel
yaklagimi daha fazla kullanirken etkilesimli / otoriter iletisim yaklasimini1 daha az
kullanmiglardir. Bagka bir deyisle, 6gretmenler, yiiksek uygulama seviyesindeyken
ogrenci goriislerini daha fazla dikkate almiglardir. Alexander (2006) ile Benus vd.
(2013), etkili simif sdyleminin gdstergesinin diyalojik sdylem oldugunu sdylerken,
Mortimer ve Scott (2003), anlamli 6grenme i¢in diyalojik ve otoriter sdylem

arasinda bir denge olmasi gerektigini vurgulamaktadirlar.

Bu ¢alismada, 6gretmenler orta uygulama diizeyinden yiiksek uygulama diizeyine
gectigindeki BSD ve YS hamlelerinin goriilme sikligindaki degisimin, dgrencilerin
akil yiiriitme kalitesinin gelisimi ile iligkili oldugu diisiiniilmektedir. Baska bir
deyisle, 0gretmenler daha az bilgi saglayip 6grenci cevaplarini degerlendirdikce ve
ogrencilere birbirlerinin fikirlerini degerlendirmesine daha fazla firsat verdikge,
ogrencilerin delil temelli ve kural temelli akil yiiriitmelerinin sikliginin arttigs,
desteksiz ve veri temelli akil yiiritmelerinin sikligiin ise azaldigi gortilmistiir.

Diger ¢caligmalar, tiglii diyalogdaki ii¢lincii hamlenin, 6grencilerin biligsel katkisinda
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onemli rol oynadigmi gostermektedir (McNeill ve Pimentel, 2009; Soysal ve
Yilmaz-Tiiziin, 2019). Ornegin, o6grencilerin, cevaplart dogru olarak kabul
edildiginde, iddialarin1 delil ve bilimsel ilkeler yoluyla desteklemeye ihtiyag
duymadiklar1 goriilmiistiir. Yapilan caligmalar, YS hamlelerinin, 6grencilerin
iddialarmi gerekgeleriyle sunarak birbirlerini ikna ettikleri diyalojik etkilesimlere
dahil olmalarina yardimci oldugunu gostermektedir (Blosser, 1973, Chin, 2007;
Martin ve Hand, 2019). Bununla birlikte YS hamleleri, 6grencilerin birbirlerine soru

sormalarina da yardimci olmaktadir (van Zee ve Minstrell, 1997).

Her iki uygulama diizeyinde de baskin olarak gozlemlenen ILE hamleleri,
ogrencilerin akil yiiriitme niteliklerine katkida bulunmustur. Ogretmenlerin
pedagojik gelisimi dogrultusunda 6grencilerin akil yiiriitme kaliteleri geligse bile
veri temelli ve desteksiz akil yiiriitme siklikla goriilmiistiir. Bu bulgulara benzer
olarak arastirmacilar, yiiksek diizey ATBO uygulamasinda bile 6grencilerin
iddialarmi delille destekleme ve delili tanimlama konusunda zorluk yasadiklarini
bulmuslardir (McNeill vd., 2006; Benus vd., 2013). Bu ¢alismada ILE hamleleri
baskin olarak gozlemlenmesine ragmen CEL, YS ve DEL hamlelerinin az
gbzlenmesi 6grencilerin {ist diizey akil yiiriitmesini engelledigi goriilmistiir. Benzer
sekilde, Soysal ve Yilmaz-Tiiziin (2019), ILE hamlelerinin islevinin, dgrencilerin
iist diizey akil yiiriitmelerini saglayacak ortam olusturan “6n-diizenleyici” oldugunu

belirtmislerdir.

Bu ¢alismada, 6grencilerin biligsel katkilar1 ve dgretmenlerin sdylemsel hamleleri
arasindaki iligki, farkli uygulama seviyelerindeki farkli fen konular1 baglaminda
incelenmistir. Fen konusunun igerigi, sinif sdyleminde 6grencilerin akil yiiriitme
kalitesini etkileyen bir faktordiir (McNeill vd., 2006; Sadler, 2006). Bu calisma,
Ogrencilerin akil yiiriitme kaliteleri ile 6grenme talebi arasinda iliski oldugunu
gostermektedir. Calismada uygulama yapilan ATBO konularinda (iireme, biiyiime
ve gelisme; elektrik, kaldirma kuvveti ve ses) Ogrencilerin giinliik dillerini
kullanmaya egilim gosterdikleri goriilmiistiir. Ogretmenler, CEL, DEL ve YS
sOylemlerini siklikla kullanmadiklar1 i¢in, 6grenciler sosyal dil ile bilimsel dil
arasindaki farki ayirt edememislerdir. Bu yilizden, 6grencilerin delil temelli ve kural

temelli akil yiirlitme sikliginin az oldugu goriilmistir. Oysa Ogretmenler,
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ogrencilere giinliik dillerini kullanmalarina izin vermekle birlikle, onlari, bilimsel
dili kullanmalarina da ikna etmelidir (Morimer ve Scott, 2003). McMaho (2012),
ogrencilerin, giinliik hayattaki gozlemleri ile bilimsel aciklamalar arasinda iligki
kurabilmeleri i¢in &gretmelerin, desteksiz O0grenci fikirlerine yonelik hamleler
yapmalar1 gerektigini vurgulamaktadir. Chin (2006), ayrica CEL hamlelerinin
ogrencilerin bilimsel olarak yanlis cevaplar1 lizerine yansitict diisiinmelerine ve

yanlis muhakemelerini fark etmelerine katki sagladigini belirtmistir.

Bu calismada, iki ortaokul fen bilimleri gretmeninin orta ve yiiksek diizey ATBO
uygulamalarindaki sinif sylemi ve 6grencilerin akil yiirtitme kalitesi aragtirilmastir.
Ilerleyen galigmalarda daha fazla 6gretmenle, farkli uygulama konularinda ve farkli
smif diizeylerinde ¢alismalar yapilabilir. Ayrica, saha gozlemleri ve gorligmeleri
yapilarak ¢alisma derinlestirilebilir. Bu ¢alismada, biiyiikk grup tartismasi analiz
edilmistir, ilerleyen caligmalar kiiciik grup calismalarinin sdylem analizi yapabilir.
Bununla birlikte, ATBO uygulamasmin farkli asamalarinda &gretmenlerin
kullandiklar1 sdylemsel hamleler, iletisimsel yaklasimlar ve ogrencilerin akil

yiirlitme becerileri incelenebilir.
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