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ABSTRACT

INVESTIGATING QUESTIONING PATTERNS OF TEACHERS THROUGH
THEIR PEDAGOGICAL PROGRESSION IN ARGUMENT-BASED INQUIRY
CLASSROOMS

Kilig, Burcu
M.S., Department of Elementary Science and Mathematics Education
Supervisor: Prof. Dr. Jale Cakiroglu

Co-Supervisor: Prof. Dr. Murat Giinel
March 2016, 173 pages

The purpose of this study is to delineate the characteristics of teacher questioning in
different implementation qualities of Argument-Based Inquiry (ABI) teaching. With
this purpose, first, the characteristics of teacher question types used in high quality
ABI classrooms were described, and teacher questions used in high quality practices
were distinguished from those posed in medium quality classrooms. Secondly, the
study aimed to characterize the sequence of teacher question types that promote high

cognitive level student responses.

The participants in this study were two elementary science teachers, teaching from
6" to 8" grades. The teachers were selected from a longitudinal professional
development program that was conducted within the context of ABI approach in
Turkey. The data of this study were collected through video records of teachers’
classroom implementations. Data driven from classroom videos was analyzed by

using multiple cross-case comparison.



The results revealed that teachers used similar proportions of close-ended and meta-
cognitive questions in the high quality ABI practices. Meta-cognitive questions were
defined for the first time in this study as the most effective question type to initiate
high cognitive level student response. Moreover, the teachers asked the questions in
a patterned order indicating a specific questioning sequence. This study provides
teachers and researchers with cases rich in information regarding characteristics of
teacher questioning used in high quality ABI classrooms by comparing them with

those used in medium quality classroom practices.

Keywords: Argument-Based Inquiry, Teacher Questioning, Teacher Professional
Development.
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ARGUMANTASYON TABANLI BiLIM OGRENME SINIFLARINDA
OGRETMEN SORULARININ PEDAGOJIK GELISIMLERI BOYUNCA
INCELENMESI

Kilig, Burcu
Yiiksek Lisans, ilkdgretim Fen ve Matematik Alanlar1 Egitimi
Tez Yoneticisi: Prof. Dr. Jale Cakiroglu
Ortak Tez Yoneticisi: Prof. Dr. Murat Giinel

Mart 2016, 173 sayfa

Bu ¢aligmanin amaci Argiimantasyon Tabanli Bilim Ogrenme (ATBO) yaklagiminin
uygulandigr smniflarda 6gretmen sorularmin farkli uygulama seviyelerine gore
betimlenmesidir. Oncelikli olarak yiiksek seviyedeki ATBO uygulamalarinda sorulan
Ogretmen sorular1 tanimlanmis ve yiiksek uygulama seviyesinde sorulan sorular ile

orta seviye sinif uygulamalarinda sorulan sorular arasindaki farkliliklar incelenmistir.

Calismada yer alan katilimcilar 2 fen bilimleri 6gretmenidir. Katilimcilar, Tiirkiye’de
ATBO baglaminda yiiriitilen boylamsal bir mesleki gelisim programina katilan
Ogretmenler arasindan secilmistir. Calismaya ait veriler, Ogretmenlerin kendi
smiflarinda  yaptiklari ATBO uygulamalarindan alinan video kayitlarindan

olusmaktadir. Veriler cok durumlu karsilagtirmali yontem ile analiz edilmistir.

vi



Calismanin  sonuglari, Ogretmenlerin yiiksek seviyede ATBO uygulamalarinda
benzer oranda kapali uglu ve istbilissel soru tiplerini kullandiklar1 gostermistir.
Ustbilissel sorular, ilk defa bu ¢alismada, dgrencinin yiiksek bilissel seviyede cevap
vermesinde rol oynayan en etkili soru tipi olarak tanimlanmistir. Ayrica,
Ogretmenlerin soru tiplerini belirli bir siralama kullanarak sordugu gézlemlenmistir.
Bu calisma, yiiksek kaliteli ATBO smiflarinda sorulan dgretmen soru ydntemlerini
orta seviye ATBO uygulamalarinda sorulan sorularla kiyaslayarak ogretmen ve

arastirmacilara zengin bilgiler sunmaktadir.

Anahtar Kelimeler: Argiimantasyon Tabanl Bilim Ogrenme, Ogretmen Sorular,

Ogretmen Mesleki Gelisimi
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CHAPTER1

INTRODUCTION

1.1 Background of the Problem

Current science education reforms in both national and international settings
explicitly suggested Argument-Based Inquiry (ABI) practices in order to be able to
educate successful individuals in a world dominated by scientific and technological
innovations. The current indicators of science proficiency emphasized shifting view
away from traditional paradigms in which learning perceived as a recall of factual
information to more student-oriented learning environments, where learning process
occurs through construction of own knowledge instead of transmission of it. In this
process, learners should be provided opportunities to practice not only exploration
and experimentation but also explanation and argument (Turkish Ministry of
National Education [MoNE], 2013). Similarly, National Research Council’s (NRC)
most recent report in the USA, A framework for K-12 science education (2012),
highlighted the requirement of student engagement in data collection and laboratory
work as well as construction of knowledge through social processes such as
negotiation of explanations. The emphasis on practicing both inquiry investigations
and argumentation in science learning primarily emerged from the need to practice

science in a similar way that of scientists.

This shift in science education reform movements required significant teacher
changes in teaching practices. The research on teacher change put emphasis on the
role of teacher questioning in order to be able to improve classroom practices to
more student-oriented way as suggested by science education reform movements.

Teachers’ use of specific questioning strategies is a significant factor affecting their



pedagogic development in science classrooms (Benus, Yarker, & Hand, 2010; Martin
& Hand, 2009; McNeill & Pimentel, 2010; Oliveira, 2010; Pimentel, Katherine, &
McNeill 2013, Pinney, 2014; Promyod, 2013). Teachers are required to develop
questioning skills and should possess deep understanding regarding questioning
techniques in order to be able to implement effective ABI classrooms (Martin &
Hand, 2009; Omar, 2004; Pimentel, 2010; Promyod, 2013). In this sense, Norton-
Meier, Hand, Hockenberry and Wise (2008) put emphasis of the role of questioning
on creating dialogical interactions, which is a key element of ABI learning
environments. Students should be engaged in negotiation of meaning with their
peers, and the teacher in small or large group discussions. Whereas this practice
occurs in the form of a monologue in traditional classrooms in which teachers are the
authority of the talk, the ABI learning environments require experiencing dialogue
instead of monologue where individuals scaffold their own knowledge through
talking and listening each other. Although it is challenging for teachers to change
their position of authority in the conversation to more flexible and student-centered
way, using specific questioning strategies has a significant role to achieve this
flexibility (Norton-Meier, Hand, Hockenberry, & Wise, 2008).

Many educators have emphasized the need for effective questioning when shifting to
student-centered learning paradigms to increase student talk in classroom
conversations (Martin & Hand, 2009); to create dialogical interactions (Gunel,
Kingir, & Geban, 2012); to challenge and support student practices of cognitive
functions in initiating higher-level scientific thinking among students (Chin, 2007;
Oliveira, 2009). Classroom investigations on teacher questioning mostly focused on
the cognitive functions that the questions demand in the response (Cotton, 2001,
Gall, 1970). Many research on classroom questioning cited the reason behind
examining questions in relation to cognitive functions based on the study of
Vygotsky (1978) on language and social interaction in the process of human

development and learning.



Vygotsky (1978) emphasized the importance of social interactions in the cognitive
development process of individuals. Any development occurs first through social
interactions within individuals’ “inter-psychological” planes, and then within “intra-
psychological” planes (Vygotsky, 1978, p21). This suggests that student cognitive
development can be identified by examining the structure and contents of social
interactions. Vygotsky (1978) believed that each learner has a zone of proximal
development, which tells us about the range from what learners can do without
assistance to what they can accomplish with assistance. The assistance by peers or
teachers is determined by the researcher to provide learners opportunities to function
higher cognitive skills than without assistance. Teacher’s use of effective questions
as one of the identifiers of social interactions in a classroom provides students
assistance to enhance the quality of their cognitive functions (Dantonio &
Beisenherz, 2001; Fairbain, 1987; Gallagher & Aschner, 1963; Hus & Abersek,
2011).

1.2 Problem Statement

The critical importance of questions in initiating high cognitive functions requires
teachers to be professional questioners (Gall, 1984). There are various considerations
to assess what is a professional questioner in education literature. One of these
considerations and the most notable one is examining teacher question types based
on the type of cognitive process it requires (Gall, 1970). Chin (2007) elicited the
rationale on examining the types of questions by stating, “The kinds of questions that
teachers ask and the way teachers ask these questions can, to some extent, influence
type of cognitive processes that students engage in as they grapple with the process
of constructing scientific knowledge” (p. 817). Similarly, Pate and Bremer (1967)
gave insight into the researchers’ attempt to examine teacher question types by
claiming that “The teacher’s effectiveness in questioning depends on an awareness of
various purposes that questions may serve and an awareness of different types of
questions for achieving these purposes” (p. 422). In this regard, various studies

attempted to characterize teacher question types based on the cognitive demand that
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the questions place on student response. Effective teacher questioning was mostly
associated with teacher’s ability to ask questions that initiates higher level cognitive
practices (Dantonio & Beisenherz, 2001). Educators agreed that teacher questions
should serve improvement of various cognitive or thinking skills rather than
engaging students in learning of factual information (Aschner, 1961; Carner, 1963;
Hunkins, 1966). However, the studies in education literature commonly found that
teachers tend to pose lower-level or factual-recall questions, which require specific
information in response and place few cognitive demands on students (e.g.; Dantonio
& Beisenherz, 2001; Hamm & Perry, 2002; Newton & Newton, 2000; Yip, 2004).

In an attempt to improve teacher questioning strategies, several research
implemented teacher training programs and found that teachers asked more high
cognitive level questions than lower-level ones after the training program (e.g.,
Erdogan & Campbell, 2008; Martin & Hand, 2009). Several studies, on the other
hand, revealed that it wasn’t necessarily required to use higher level questions more
frequently than lower level ones for effective questioning (e.g., Goodwin, Sharp,
Cloutier, & Diamon, 1983; Konya, 1972). For instance, Konya (1972) observed in
his study that the classrooms where students were exposed to similar proportions of
higher-level and lower level question types (50 percent) were the most effective in
initiating student high-level response. High-level questions are widely accepted to be
categorically better to promote high-level student practices but it is controversial in
the literature whether teachers need to use more higher-order questions in high

quality questioning.

Additionally, by investigating the types of teacher questions in relation to student
responses, several researchers (e.g., Dillon, 1982; 1988; Harrop & Swinson, 2003;
Mills, Rice, Berliner, & Rousseau, 1980) observed that more than half of the student
responses were in lower-level even when teachers asked a higher-level question.
Similar evidence was provided by Dillon (1982) by stating, “Ask a higher-level
question, get any level answer” (p. 549). The research investigating the impact of

high cognitive level questions on initiating high-level response found contradictory



findings (Redfield & Rousseau, 1981; Winne, 1979). While several researchers
observed direct correlation, several have shown that asking a high-level question
does not ensure that students’ response will be in high-level. Gall (1970) argued the
reason behind asking high-level questions and getting low level answers that it can
be related with ineffective question classification systems. Many of the question
classification systems were developed based on investigation of teacher question
types which were actually observed in a classroom rather than considering the types
of questions which teacher should use (Gall, 1970). Gall further suggested examining
the sequence of teacher question types. Investigating teacher question types
undoubtedly have significance to determine high quality questioning in classroom
practices; however, the questions should not be considered as isolated from each
other (Gall, 1970). In this sense, for instance, Taba (1966) revealed that teachers
should give a direction to discussion first by asking factual-recall or lower-level
questions and then, should manipulate ideas with higher cognitive questions.
Although the suggestion to examine sequence of teacher question types was made in
1970s, since then, there is not any accessible study addressing the relationship
between the sequence of teacher question types and student higher-order cognitive

responses.

In order to address effective teacher questioning or to improve teacher questioning
skills, several studies implemented professional development programs and
investigated teacher questioning behaviors before and after the programs. The need
for training programs to improve teacher questioning strategies was emphasized by
many researchers (e.g., Dantonio, 1990; Fairbain, 1987; Joyce & Showers, 1983;
Otto & Schuck, 1983; Savage, 1998). Although researchers have pointed out the
need for teacher professional development in effective questioning over a century,
there are limited studies on examining teacher questioning along with professional

development programs (Bolen, 2009).

The characteristics of professional development programs show variety in the

research of classroom questioning. Researchers argued that even though the focus of



the training program is a specific skill or practice; it should be conducted by
considering teacher beliefs, knowledge, habits of practice that they deeply hold.
Teacher’s “epistemology must become an explicit target of change. Without such
change as a priority, efforts directed at teacher development become narrowly
focused on changing the kinds of attributes and skills that may be added to,
subtracted from, or modified” (Windschitl, 2002, p. 143). Similarly, Haney, Czerniak
and Lumpe (1996) discussed the requirement of a special attention into teacher
cognition and beliefs while improving teacher specific skills. In this regard, even if
the studies aim to improve teacher questioning skills, the professional development
programs should not only focus on improving individual questioning strategies but
also address teacher beliefs, perceptions, and habits of practice that they hold.
Examining the characteristics of questioning studies, two types of research has
emerged in this context. One type is those training teachers with an individual focus
on questioning skills (e.g., Bolen, 2009) and the other type aims improvement in
questioning with a holistic focus on teacher pedagogic practices (e.g., Erdogan &
Campbell, 2006; Martin & Hand, 2009). However, studies favor the need for
focusing on teacher whole pedagogy considering the beliefs and perceptions in order
to attain a development in any specific strategy. Additionally, majority of the studies
were conducted as short-term sessions; it is not common to examine teacher
pedagogic practices in sustained, long-term programs (Benus, Yarker, Hand, &
Norton-Meier, 2013). One session training programs, which are called by Budde
(2011) as “one-shot session, sit-and get and one size fits all approaches” (p. 21) are
very common types of the teacher professional development (Darling-Hammond,
2005; Darling-Hammond & McLaughlin, 1995; Lieberman, 1995; Shibley, 2006;
Xu, 2002). In this regard, in education literature, there is a need for studies
investigating teacher professional development in longitudinal programs in which

teacher beliefs, perceptions, and habits of practice were addressed.



1.3 Purpose of the Study

The main purpose of the study was to delineate the characteristics of teacher
questioning in different classroom implementation qualities of ABI teaching.
Specifically, first, the characteristics of teacher question types used in high quality
classrooms were described, and teacher question types used in high quality ABI
practices were distinguished from those posed in medium quality classrooms. The
reason to make the comparison of teacher question types between medium and high
quality classrooms lied behind not only delineating the features of high quality
questioning but also providing insight into the differences occurred when teachers
attempted to improve their questioning practices. Secondly, the study aimed to
characterize the sequences of teacher question types that promote high cognitive
level of student responses. The sequences of teacher question types used in medium
and high quality classrooms were examined in relation to student responses. In this
way, it was aimed to determine whether teachers used the question types in a
patterned order specifying a particular questioning sequence in order to initiate high

cognitive level responses.

1.4 Research Questions

There are two questions that guide this study.

1.  What are the differences in teacher question types occurred in medium
and high-level ABI teaching practices?
2.  What are the main characteristics of teacher questioning patterns in

medium and high-level ABI teaching practices?

1.5 Significance of the Study

As the reform movements in both national and international settings recommended
ABI practices in science classrooms to educate successful citizens, it is significant to

take a closer look into these classrooms. As Patton (1987) suggested that it is



important to describe teaching mechanisms of teachers as they implement effective
classroom practices. In this regard, the present study provides cases rich in
information to teachers and researchers on the characteristics of questioning
associated with medium and high quality ABI learning environments. The rationale
behind investigating questioning in different quality levels of classroom practices
primarily emerged from the research indicating that teacher quality of classroom
implementations is highly related with the quality of questioning (Martin & Hand,
2009; Omar, 2004; Pimentel, 2010; Promyod, 2013). Whereas questioning strategies
in high-level ABI practices delineate the characteristics of high quality questioning,
the comparison between the medium and high quality classrooms provides some
insight into the differences occurred when teachers attempted to improve their

questioning.

Teachers’ use of specific questioning strategies is a significant factor affecting their
pedagogic development in science classrooms (Benus, Yarker, & Hand, 2010; Martin
& Hand, 2009; McNeill & Pimentel, 2010; Oliveira, 2010; Pimentel, Katherine, &
McNeill, 2013). This significance arises from the role of questioning in such as
increasing student talk (Gunel, Kingir, & Geban, 2007; Martin & Hand, 2009),
starting and guiding the classroom negotiation (Gunel, Kingir, & Geban, 2007;
Kawalkar & Vijapurkar, 2013), implementation of scientific argument (Martin &
Hand, 2009); improving reasoning and justification for explanations (Benus, Yarker,
& Hand, 2010), all which are key features of ABI classrooms (Piburn et all., 2000).
Examining interaction patterns in classrooms including teacher questions and student
responses is significant to understand how to encourage student practices of
cognitive skills (e.g., problem solving, decision making) since these skills are
necessary to be able to contribute democratic society (Bolen, 2009). Teacher
questions have so critical importance in initiating various cognitive functions
(Aschner, 1961; Carner, 1963) that teachers need to be professional questioners
(Gall, 1984). Various studies have been conducted throughout time in order to

understand what a professional questioner is or what is an effective teacher



questioning but only limited of them was carried out within ABI classrooms
(Erdogan & Campbell, 2006; Kawalkar & Vijapurkar, 2013; Pinney, 2014).

Classroom investigations on teacher questioning mostly assumed that higher-level
questions were categorically better to promote high-level responses; however, it is
consistently found that teachers pose predominantly cognitive-memory or factual-
recall questions (Cunningham, 1977; Dantonio & Beisenherz, 2001; Gall, 1970;
Graesser & Person, 1994; Greenough, 1976; Hamm & Perry, 2002; Newton &
Newton, 2000; Yip, 2004). Whereas these studies evaluated teachers’ dominant use
of factual-recall questions as an ineffective questioning, several studies indicated that
it does not necessary to use mostly high-level questions in classroom practices
(Goodwin et al., 1983; Konya, 1972). Although higher-level questions are perceived
to be categorically better to promote high-level responses, it is contradictory in
questioning literature that in which proportions question types should be used for an
effective questioning. By examining the questioning in high quality classroom
practices, this study may make significant contributions on the proportions that

questions types are used in effective questioning.

Additionally, the studies on teacher questioning mostly attempted to characterize
questioning strategies in high quality classroom practices without examining the
impact of them on student responses (e.g., Cikmaz, 2014; Erdogan & Campbell,
2006; Martin & Hand, 2009). These studies described teacher questioning strategies
in high quality classrooms by assuming that questioning in high-level practices meet
all the inquires that teacher questions desire in the response. The present study has
distinctive significance compared to those of others that high quality teacher
questioning was described by not only investigating it in high quality classroom
practices but also by examining the impact of teacher question types on the cognitive
level of student responses. The determination of the match between the cognitive
level of teacher questions and student responses is called by Dillion (1982) as
cognitive correspondence. The primary reason to examine the cognitive

correspondence between the questions and responses in this study emerged from the



research findings stating higher-level questions will not always result in high-level
cognitive responses. By examining the cognitive correspondence, several researchers
(e.g., Dillon, 1982; 1988; Harrop & Swinson, 2003; Mills, Rice, Berliner, &
Rousseau, 1980) observed that even though teacher asked higher level questions,
student answers were mostly in low cognitive level. This study may have significant

contributions on the relation between the level of questions and responses.

As was mentioned previously, this study examined question types and patterns of
teachers by comparing their medium and high quality ABI classroom practices.
Different quality implementations were achieved throughout a longitudinal (3-year)
PD program. While medium quality practices corresponded to 3™ implementation
semester (18" month) of the program, high quality occurred in 4™ implementation
semester (24™ month) in the PD program. The focus on these semesters has
significance in terms of achieving permanent shift in teacher pedagogic practices.
Gunel and Tanriverdi (2012) reported that the changes in teacher pedagogic practices
remain permanent after the 18 months of a longitudinal training period. Teachers
need to be trained at least 18 months in order to observe significant shifts in their
pedagogic practices (Martin & Hand, 2009; Tanriverdi & Gunel, 2012). However,
research on improving teacher pedagogic practices was widely conducted in short-
term PD programs (Darling-Hammond, 2005; Darling-Hammond & McLaughlin,
1995; Lieberman, 1995; Shibley, 2006; Xu, 2002). In this regard, the findings of this
study that were attained at a longitudinal program attach distinctive significance

when compared to those of others revealed at short-term PD programs.

1.6 Definitions of Terms

Types of Teacher Questions: Four major types of questions were used in this study.
These are management, close-ended, open-ended and meta-cognitive questions.
Management questions were defined as those used to manage or understand student
directions as they are completing assignments in the classrooms (Graesser & Person,

1994). Close-ended question type engages students in short-answers which are
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usually in the form of recall of factual information (Graesser & Person, 1994). Open-
ended questions require long answers, in which students interpret, organize and
compare information (Graesser & Person, 1994). Meta-cognitive question types were
defined as those invite students to experience reasoning, negotiation of meaning with
others and planning new experiments. Whereas the definitions of management,
close-ended and open-ended questions were adopted from the study of Graesser and
Person (1994), the definition of meta-cognitive questions were emerged in the
present study by examining the impact of teacher question types on learner

responses.

Cognitive Level of Teacher Questions: The cognitive level of teacher questions
affects the type of cognitive processes that students involve in the response (Chin,
2007). Low-level questions or lower cognitive level questions were defined as those
require low-cognitive level answer in which students experience recall of factual
information and explanation of a phenomenon or process (Graesser & Person, 1994).
This type of questions place few cognitive demands on students. Close-ended and
open-ended questions, which were developed by Graesser and Person (1994), were
associated with low-level question types within the scope of this study. High-level
questions or higher cognitive level questions were defined as those invite high
cognitive level answer in which students involved in reasoning, negotiation of
meaning with others and planned new experiments (Grimberg & Hand, 2009). Meta-
cognitive questions were determined as to be high-level question type in the present

study.

Teacher Questioning Patterns: Questioning pattern was defined as the sequence of
teacher question types. Sequencing is a strategy for effective questioning in order to
determine whether teacher uses the question types in a patterned order indicating a

purposeful questioning technique.

Cognitive Level of Student Reponses: Three major cognitive levels were adopted
from the study of Grimberg and Hand (2009). These are low-level (perception),

medium-level (conception), and high-level (abstraction) cognitive functions. Lower
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cognitive level responses are based on perception. They require students to practice
observation, measurement and comparison, which are noncomplex, one dimensional
operations. Medium cognitive level responses are based on conception, in which
students experience the practices of analogy, clarification, claim and cause/effect
operations. High-level responses require students to experience abstraction such as
induction/generalization, deduction, investigation design, and argumentation. These

are also defined as multi-domain operations.

Argument-Based Inquiry (ABI): The ABI approach is an argument-immersed inquiry

approach to experience science. As Cavagnetto (2010) identified:

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. Immersion-oriented interventions were designed to embed
argument within student explorations of science principles. That is, argument was
not considered something that was done to conclude the inquiry but was found
throughout the inquiry as students generated questions, designed experiments,
interpreted data, and constructed and defended evidence-based knowledge claims
based on their evidence (p.351).

Implementation Level of ABI Teaching: The classroom implementation of each
teacher was ranked as medium-level and high-level based on the measure of degree
to which the classroom reflects the key characteristics of ABI teaching. Assigning
numbers to each implementation enabled differentiation of quality of ABI teaching
among the classrooms. Whereas high implementation level of ABI teaching meets all
the inquires of what science reform movements suggest for effective science
teaching, medium implementation level served to more traditional transmission of

knowledge compared to high-level implementations.

12



CHAPTER2

LITERATURE REVIEW

This chapter will first review the literature on shifting indicators of science
proficiency toward implementation of ABI approach in order to provide insight into
teacher changing roles in science classrooms. Teacher questioning as having a
significant focus among these roles will then be addressed considering the role of it
in classrooms. After that, what research reveals about teacher guestioning and the
ways to improve questioning strategies will be explained. Professional development
(PD) programs as key processes to develop teacher questioning skills will then be
addressed in detail since the study was conducted in the context of a PD program.

2.1 Shifting Indicators of Science Proficiency

The indicators of science proficiency may change at a historic time in order to meet
the requirements of the changing world. In the National Research Council’s (NRC)
most recent report, A framework for K-12 science education (2012), for instance, the
need for the development of current standards was explained with the achievement
gaps that emerged from increasing student diversity in the nation. The changes in
student demographics in a classroom resulted in achievement gaps in science, and
required teachers to make shifts in their instructional methods in order to make
science education accessible for all students. The NRC (2012) further emphasized
that all the new standards were developed in order to be able to educate individuals
those are career ready and successful in a world fueled by innovations in science and

technology.
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The new indicators of science proficiency highlighted the shifting view away from
classrooms heavily depend on textbooks, teachers’ direct instruction, and a learning
concept that explained as recall of factual information. Students cannot simply
assimilate “knowledge as it is presented, but impose their existing frameworks of
knowledge to incorporate and invent new knowledge” (Putnam, Lambert, &
Peterson, 1990, p. 42). Thus, teaching practices should provide students opportunities
with actively participating in the learning process in order to support construction of
knowledge instead of transmission of it. Similarly, Erduran, Simon and Osborne
(2004) underlined the significance to move away from transferring of factual
information to learning process in which individuals construct theories about the
natural world. Science teaching should not only focus on learning of the scientific
facts but also on practices, methods of science as well as its nature of a social
practice (Driver, Newton, & Osborne, 2000; Ford, 2008).

By deeply examining the shifts in the view of science teaching, it appears that
classroom inquiry has central importance in science education reforms for many
decades since it has potential to engage students in active learning environments. The
need for inquiry in science curriculums is not only evident in international contexts
but also in reforms movements of Turkish educational system. As is similar to
developed countries, such as USA, Spain and Australia, inquiry-based science
teaching has emphasis in Turkish educational setting. By comparing the science
reform movements in international and national setting, Akpinar and Aydin (2007)
asserted that whereas the developed countries achieve educational reforms based on
inquiry for many decades, it was 2004 in Turkey that curriculum in science education
underwent a big revolution to align with inquiry-based teaching. The changing views
toward inquiry teaching, definition and significance of it will be addressed later in
the current study by considering both national and international education settings in
order to provide a deeper insight into it.
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2.1.1 Inquiry

The need for inquiry has always been on the heart of science education over time;
however, the term °‘inquiry’ has been defined in various ways by teachers,
researchers, and science educators (Crawford, 2007). Next Generation Science
Standards (NGSS) interpreted inquiry as “major practices that scientists employ as
they investigate and build models and theories about the world” (NGSS Lead States,
2013, p. 2). According to Bybee (2006), inquiry in science teaching has two
meanings in The National Science Education Standards: inquiry as outcomes of
science teaching and inquiry as teaching strategies. Inquiry as outcomes of science
teaching refer to “specific skills and abilities integral to the processes and methods of
science” whereas, inquiry as teaching strategies refer to instructional techniques used
to “achieve students’ knowledge and understanding of science concepts, principles,
and facts and/or the outcomes” (Bybee, 2006, p. 454). While inquiry can be defined
in various ways, this study will address the inquiry mostly as teaching strategies by

referring to teachers’ pedagogical actions to initiate scientific practices.

The reforms in science education defined their expectation in inquiry approaches that
students should be able to engage in investigations in order not to learn about them
secondhand (NRC, 2012; 2000; 1996). In other words, students need to understand
the nature of scientific knowledge by practicing science themselves. The requirement
of student direct practice of science emerged from the idea of investigating science in
a similar way that scientists do (Akkus, Gunel, & Hand, 2007; Bliss, 2008; Chinn &
Malhotra, 2002; Jiménez-Aleixandre & Erduran, 2008; NRC, 2012). Teaching
science by inquiry involves student experience of processes and thinking skills used
by scientists (Wilcox, Kruse, & Clough, 2015). Ministry of National Education
(MoNE, 2006) in Turkey described these processes as knowledge of and ability to
make observations, gather, test, and interpret data, formulate hypothesis, confirm or
reject hypothesis, and consider alternative explanations. According to Curry-Sumrall
(2010), scientists believed that inquiry-based practices enhance individuals’ ability to

investigate independently. That is, use of these practices improves student skill to
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discover knowledge on their own. Curry-Sumrall elaborated the impact of this ability
in a way that students have opportunities to become life-long learners and develop

higher level cognitive skills.

Teaching science through inquiry further contributes to achievement of all students
regardless of their demographic differences. Inquiry experiences provide all students
including those with learning and language barriers opportunities to understand
abstract concepts (Bransford, Brown, & Cocking, 2000). Secker (2002) studied the
impact of teacher practices on science achievement of students having different
demographic backgrounds. She found that science achievement has been directly
related to socio-economic, minority and gender status when teacher use conventional
methods. Inquiry-based teaching, on the other hand, leaded to higher achievement for
all students through improving an individual construction of meaning. The
researcher, finally, reported that teaching through the use of inquiry not only
develops achievement for all students, but also reduces the gap among those having
different demographic backgrounds.

The above mentioned importance of inquiry has never been diminished in science
classrooms over time; however, suggested frameworks to adopt it have been
changed. This change might arise from the shifting views toward teaching and
learning in science education. As Killion (2002) reported that the shift in education
from teaching-centered to learning-oriented view requires changes on how teachers
teach. Since inquiry may refer to teachers’ pedagogical actions to initiate scientific
practices as suggested by Bybee (2006), it is not surprising that the way how to adopt

inquiry is undergone changes based on the education reform movements.

2.1.1.1 Instructional Frameworks for Inquiry

One of the first instructional frameworks to adopt inquiry was 3E learning cycle,
which was recommended by Atkin and Karplus (1962) and later expanded upon by
Lawson (1995). In this design, the 3E refers to three phases of learning cycle, which

are exploration, explanation and expansion, respectively. In the exploration phase,
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students are required to gather data and to solve problems. During the second phase,
explanation, students are expected to accommodate new understandings through
interpretations of collected data with the guidance of teacher. In the final phase,
expansion, students verbalize their new understandings considering previously hold

ideas.

Bybee (1997) redesigned the 3E learning cycle based on the assumption that teachers
should engage students in a more active learning environment. He developed 5E
Model of inquiry by adding two more stages to original three phases. The 5E Model
includes engage, explore, explain, elaborate, and evaluate. The engage phase requires
teachers to draw student attention through open-ended questions, demonstrations or
discrepant events. Students are expected to make connections between past and
current learning experiences, and should mentally engage in the learning process.
Afterwards, students are provided opportunities to explore the topic by experiencing
a series of activities, and to construct explanations based upon the experiences in the
investigations. In the elaborate stage, students are encouraged to apply their new
understandings to a new situation. Lastly, student understanding is evaluated by
themselves as well as by teachers through both formative and summative

assessments (Bybee et al., 2006).

At a later time, Bybee’s SE model was modified to 7E’s by Eisenkraft (2003). His
first suggestion was adding an elicit stage before the engage phase in order to reveal
student prior knowledge regarding the topic. The second suggestion was to include
an extend phase to the elaborate stage in order to give much emphasis on student
practice of new understandings from one situation to another. The main purpose of
this additional stage is to increase the likelihood that students are able to transfer
their learning to different concepts and contexts.

In recent years, the view in how to adopt inquiry in science classrooms has emerged
from the changing focus of an instruction solely on exploration and experimentation
to explanation and argumentation. With this shift, the view on classroom inquiry has

changed from a mostly individual activity to one which is immersed in social
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processes. The NGSS specified the key practices in science classrooms so as to meet
the standards as the followings: “asking questions and defining problems, developing
and using models, planning and carrying out investigations, analyzing and
interpreting data, using mathematics and computational thinking, constructing
explanations and designing solutions, engaging in argument from evidence,
obtaining, evaluating and communicating information” (NRC, 2012, p. 42). These
practices are the way to develop student communication and thinking skills such as
critical thinking and inquiry-based problem solving, which are needed to be
successful citizens in a world fueled by innovations in science and technology (NRC,
2012). The emphasis on these practices describes that scientific practices do not only
include data collection and laboratory work but also construction and negotiation of
explanations (Choi, Hand, & Norton-Meier, 2014). Moreover, the Benchmarks for
Scientific Literacy describe scientific investigations as “the collection of relevant
evidence, the use of logical reasoning, and the application of imagination in devising
hypotheses and explanations to make sense of the collected evidence” (American
Association for the Advancement of Science, 1993, p. 12). Newton, Driver and
Osborne (1999) has pointed out the significance of constructing and critiquing claims
in learning environments in a way that science discourse should be promoted in the
light of student own thinking and that of experts. These types of practices, thinking
and critiquing aligns with the argument-embedded inquiry investigations (Enderle,
Grooms, Campbell, & Bickel, 2013). Development of arguments based on evidence
and justification while engaging students in inquiry practices are skills now

considered as part of the overarching goals of science literacy.

As is similar to above exemplified reform movements, the emphasis of
argumentation as an integral part of scientific inquiry was explicitly addressed in
Turkish education setting by MoNE (2013). The current science curriculum was
designed by handling inquiry as not only a process of “exploration and
experimentation” but also practicing of “explanation and argument” (MoNE, 2013).

Learners are expected to generate evidence-based arguments while exploring the
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physical and natural world. This experience was also referred as practicing hands-on

and minds-on science in the construction of scientific knowledge.

2.1.2 Argumentation as a Central Tenet of Scientific Inquiry

Argumentation is a scientific discourse referring to ways that evidence was applied
in reasoning (Kelly, 2007). Science argumentation can be thought of promoting
knowledge claims, providing evidence for these claims and critiquing of those
evidence and claims through listening, writing and talking (Duschl, Schweingruber,
& Shouse, 2007). On individual basis, a person constructs his or her own
understanding to support own thinking. The individual justifies his or her own ways
of knowing through reasoning and empirical evidence (Driver, Newton, & Osborne,
2000). In this context, individuals first argue by themselves to develop their claims
and then carry it to social basis. In explaining the argumentation on social basis,
McNeill (2009) addressed argumentation as a process of individual writing or
speaking to inform or convince others on these claims. The researcher pointed out
that argumentation takes place in both individual and social levels; however, it is the
social aspect as integral components of science. Argumentation is language-based
social process since it requires both internal interaction and interacting with the
thoughts of others.

The practice of scientific argumentation, which necessitates interpretation, critique
and refinement of data and evidence (Duschl & Osborne, 2002; Osborne, Erduran &
Simon, 2004), assists learners to improve scientific habits of mind (Sandoval &
Reiser, 2004), to comprehend the content of science (Zohar & Nemet, 2002), and to
practice and improve scientific thinking (Kuhn, 1992; Kuhn, Shaw, & Felton, 1997)
and reasoning (Chinn & Anderson, 1998; Choi, 2008). Without argumentation,
students cannot develop abilities to construct and critique knowledge (Ford, 2008). If
students are not provided opportunities to critique knowledge, they expose to the idea
that their ideas are uncontested or unquestionable (Berland & Reiser, 2009).

However, when provided, for instance, student starts to ask ‘why’ questions instead
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of ‘what’ questions (Duschl, 1990). “Why’ questions ensure that students construct
conversations and critique on data and evidence in a similar way that of scientists
(Bricker & Bell, 2008). Additionally, argumentation provides students with
opportunities to conceptualize the thoughts of others that in turn, as Vygotsky (1987)
highlighted that this kind of opportunity improves student way of thinking. When
students give spoken or written answers to others thoughts, their thoughts are
constructed and transferred into speech. Student transformation of thoughts into
words, and turning back to thoughts to revise them over and over again can support

knowledge construction.

The emphasis on using argumentation in scientific inquiry is deeply related to the
goal of science literacy determined by the current reform movements (Pinney, 2014).
Moreover, the importance of it in implementing inquiry has been the focus of many
research studies. Many researchers (Albe, 2008; Chin & Osborne, 2010; Hogan,
Nastasi, & Pressley, 2000; Maloney & Simon, 2006; Martin & Hand, 2009; McNeill
& Pimentel, 2010) strongly support student generating arguments, explanations, and
models as they involve in inquiry investigations. Science argumentation as a core
practice of investigating science not only helps understanding of scientific concepts,
but also develops conceptions on nature of science and science literacy (Duschl,
2008; Grooms & Walker, 2011; Hand, Yore, Jagger, & Prain, 2010; Jimenez-
Aleixandre & Erduran, 2008; Simon, Erduran, & Osborne, 2006). Through
argumentation in science inquiry, students learn how to think critically and actively
implement appropriate reasoning strategies (Lemke, 1990). Argument-Based Inquiry
(ABI) provides students opportunities with understanding of various nature of
scientific knowledge and the role of empirical data in scientific practices (Maloney &
Simon, 2006).

According to Hand (2008), ABI concerns with how individuals learn cognitively. It
Is an approach triggering cognitive processes (Hand, Norton-Meier, Staker, & Bintz,
2009) since it provides learners opportunities to communicate and reflect upon what

they think through generating claims and evidence to construct new knowledge
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(Driver et al., 2000). Several researchers (e.g., Cavagnetto, 2010; Duschl, 2008;)
asserted that the ABI does not only provide individuals practicing of cognitive skills
but also promotes strong understanding regarding the epistemology of scientific
knowledge through dialogical interactions with their teacher and classmates.
Similarly, Simon, Erduran and Osborne (2006) asserted that “the teaching of
argumentation through the use of appropriate activities and pedagogical strategies is
a means of promoting epistemic, cognitive and social goals as well as enhancing
students’ conceptual understanding of science” (p.236). The significance of ABI in
individuals’ practices of cognitive and social processes was empirically demonstrated
by Kim and Song (2005). The researchers examined the characteristics of peer
argumentation in middle school students’ scientific inquiry since the empirical
research in this area generally focus on completion of practical procedures rather
than considering the role of argumentation in scientific inquiry. By examining
multiple data source such as video-tapes, student reports, and interviews collected
through small group inquiry activities, they observed that the students experienced
various cognitive and social processes. Student argumentation in small group inquiry
works provided them to experience cognitive strategies such as “questioning,
elaboration, clarification, using analogy, hypothesizing, and authorization” (p. 222).
The social strategies included practices such as negotiation of ideas, peer
suggestions, critiques, and challenges on the content and procedures in inquiry
activities. The researchers finally claimed that argumentation provided students to
“check and reflect their inquiry” (p. 231) by providing them opportunities to practice

various social and cognitive processes.

Additional evidence on why ABI is desirable in science classrooms is about
contribution of it on student achievement regardless of individuals’ background
differences (such as socio-economic status and variety in learning abilities). By
addressing the impact of students’ socio-economic status on achievements, several
researchers (e.g., Caldas & Bankston, 1997; Kan & Tsai, 2004) claimed that family
backgrounds on socio-economic conditions have direct or indirect effect on learners’

academic achievement. In this manner, Yesildag-Hasancebi and Gunel (2013)
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conducted a quasi-experimental study with a control and treatment group in a socio-
economically disadvantaged school in Turkey and investigated the impact of ABI
approach on disadvantaged students’ science achievement. While the treatment
group was exposed to classrooms facilitating with ABI approach, the control group
was not manipulated with any treatment. By comparing the groups on science
achievement scores, the researchers observed that although groups did not
significantly differ in pre-test scores, students in the treatment group achieved
significantly higher scores than those in the control group after the treatment. ABI
approach leaded higher achievement for disadvantaged students through improving
their skills to generate argument (Yesildag-Hasancebi & Gunel, 2013).

Similarly, Villanueva and Hand (2011) argued for the need to provide learners
opportunities with engagement in practices such as asking questions, generating
evidence-based claims in order to achieve ‘science for all’. The researchers
emphasized the role of ABI classrooms on creating evaluative and nonthreatening
learning environments for all students but especially for those having learning
disabilities. For instance, students with learning disabilities are involved in own
knowledge generation through laboratory works, asking questions, proposing
methods rather than engaging in simply reading text, which are above their ability
levels. These practices in ABI classrooms provide conceptual and procedural
understandings to even disadvantaged students those having learning disabilities
(Villanueva & Hand, 2011).

Achievement gaps emerged from students’ initial differences (e.g., variety in socio-
cultural, socio-economic status, or learning abilities) have been targeted by the
reform movements in both international and national setting. For instance, the
Ministry of Turkish Education initiated a project in 2011 in order to make science
accessible for all students especially for those disadvantaged in socio-economic
conditions, and learning abilities. Similarly, in the USA, the NRC (2012) expressed
that primary need to develop NGSS was emerged from the achievement gaps among

various cultures in the nation. As exemplified in above mentioned studies and
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suggested by current reform movements (e.g., MoNE, 2013; NRC, 2012), ABI

practices has key importance in order to achieve science for all students.

2.2 Teacher Roles in the Classroom

A shift in reform movements in education requires significant teacher changes in
teaching practices (Killion, 2002). As stated by Corcoran (1995), it was the high
expectations of reform efforts to encourage teachers to learn new skills and improve
teaching practices. The explicit emphasis of science reforms on creating ABI
learning environments in national and international settings required to examine what
is expected from teachers to achieve them. The National Science Teacher
Association (NSTA) (2014), for instance, determined the required teacher abilities to

achieve NGSS such as the followings:
Teachers should:

1. “facilitate appropriate and effective discourse and argumentation with
and among students” (p. 5)

2. “maintain a classroom atmosphere that supports and reinforces the
attitude of reflection, respect for logical thinking, and consideration of
scientifically based alternate explanations” (p. 7)

3. “be aware of the conceptions that students bring to class and the

instruction needed to build on and/or modify them” (p. 7).

Although ABI has recently been emphasized in the current reform movements, it has
been the topic of investigation in empirical research for many years. One of these
research was conducted by Martin and Hand (2009) with the aim of describing
teaching actions affecting the implementation of ABI in an elementary science
classroom. By examining experienced teacher actions to shift her pedagogic practices
in ABI teaching throughout two years of longitudinal study, the researchers modified
an instrument called Reformed Teaching Observation Protocol (RTOP) and drew

several conclusions on the teaching actions based on this instrument. The RTOP was
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originally designed to capture reform movements in education in 2002 based on
Project 2061: Science for All Americans and National Science Education Standards
(Piburn et al., 2000); however, since education reforms has undergone changes so
many fast, the researchers made modification based on the observed teaching actions
in the context of ABI approach. The modified RTOP tells us about the role of teacher
by describing the student’s and teacher’s involvement in the ABI process. The
teacher’s roles in ABI classrooms are given in Table 2.1. It is significant to note that
although teacher role was determined with specific actions in the table, the deeper
understanding into the role requires examining the characteristics of ABI classrooms
holistically. This requirement emerges from the role of teacher as an inquirer, guide,
or resource person (Martin, 2006) in ABI classrooms. Since there is a shift in the
responsibility of learning from the teacher to student (Norton-Meier, Hand, &
Ardasheva, 2013), it attracts significance to examine what students are required to do
in ABI learning environments in order to enlighten the ‘facilitator’ role of teachers.
As clarified in Table 2.1, teacher role was specifically determined as a guide and
listener. Teacher role as a guide has emphasis in science classrooms by using of
researchers different labels throughout time such as “fellow investigator” (Lawson,
Abraham, & Renner, 1989), “experienced co-learner” (Moscovici & Nelson, 1998),
and ‘‘co-inquirer,”” ‘‘guide,”” or ‘‘resource person’’ (Martin, 2006). What is meant
by ‘teacher as listener’ is that teacher listens students and acts according to what
students said (Piburn et al., 2000). There should be a convergent action of a teacher
based on a student utterance. Aside from the aspect of teacher role in the instrument,
main criteria of the modified reform teaching are student voice, science argument

and questioning.
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Table 2.1. Central Components of ABI Classroom and Connections with the Teacher
and Student Roles

Components

Connections

Student Voice

-Instructional strategies respected students'
prior knowledge/preconceptions.

-Connections: There is an emphasis on
determining student knowledge and
building teacher plans based on this
knowledge.

-Focus and direction of lesson determined
by ideas from students.

-Connections: Teacher builds or
activates students’ prior knowledge with
some evidence of using it to make
instructional decisions.

-Students communicated their ideas to
others

-Focus on learning: Student sharing with
argumentation / connections in either
small group, group to group or whole

group.

-Connections: Language activities flow
naturally throughout the classroom.

-Science argument: Teacher promotes
linkages to big ideas and begins to
promote debate on these ideas.

-High proportion of student talk and a
significant amount was student to student.

-Focus on learning: Student sharing with
argumentation/connections in either
small group, group to group or whole

group.

-Dialogical interaction: Communication

effectively varies from teacher to student
and from student to student according to
the situation.

-Students' questions and comments
determined focus and direction of
classroom discourse.

-Connections: Teacher effectively builds
or activates student prior knowledge
with evidence of using this to make
instructional decisions.

-Dialogical interaction: Teacher is not
compelled to give right answer shifting
focus to the big idea Teacher uses all
levels of questioning, and adjusts levels
to individual students.

Teacher Role

-Teacher acted as resource person,
supporting, and enhancing student
investigations.

Focus on learning: Teacher effectively
plans for teacher and student instruction
as needed and appropriate.

-The metaphor "teacher as listener" was
very characteristic of this classroom.

Dialogical interaction: Teacher used
questions to explore student thinking.
Teacher’s response to student answers is
probing, connects, and extends,
questions.
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Table 2.1. (Continued)

Components

Connections

-Students were actively engaged in thought
provoking activities that involved critical
assessment of procedures.

Connections: Science activities promote
big ideas clearly and extend students
learning

Connections can be seen from beginning
to end and are articulated by students.

-Students were reflective about their
learning.

Science argumentation: Teacher
demands connections between question,
claims, evidence and reflection.

-Intellectual rigor, constructive criticism,
and the challenging of ideas were valued.

Focus on learning: Student sharing with
argumentation/connection in small
groups, group to group and whole group
with few prompts.

Science argumentation: Teacher
promotes linkage to big ideas and
promotes debate on these ideas.

Science Argument

-Active participation was encouraged and
valued.

Science argument: Teacher requires
students to link claims and evidence.
Teacher scaffolds questions, claims,
evidence and reflection. Promotes
linkages to big ideas, and promotes
debate of these ideas.

-Students were encouraged to generate
conjectures, alternative solution strategies,
and ways of interpreting evidence.

Science argumentation: Teacher
scaffolds questions, claims, evidence
and reflection.

Promotes reflection to big ideas and
promotes debate of these ideas.

- Teacher questioning triggered divergent
modes of thinking.

Questioning

Dialogical interaction: Students are
asked to explain and challenge each
other’s responses rather than the teacher
passing judgment.

Teacher asks many layered questions
(i.e. Bloom’s Taxonomy). Teacher is not
compelled to give “right” answer
shifting focus to the big idea.

Source: Martin, A. M. & Hand, B. (2009). Factors affecting the implementation of
argument in the elementary science classroom: A longitudinal case study.
Research in Science Education. 39 (1), 17-38.

Teacher’s role of guide in ABI classrooms can be explained with increase in student

voice, active involvement of students

in science argument and scientific

investigations, and initiating divergent thinking forms by teacher’s use of effective

questioning (Piburn et al., 2000).
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Among these variables, questioning has core importance to initiate student voice and
actively engage them in science investigations (Martin & Hand, 2009). The central
significance of teacher questioning to promote high quality ABI environments was
testified in a study of Martin and Hand (2009). By analyzing a teacher attempt to
shift her pedagogical practices in an ABI classroom, the researchers observed that
significant improvements in the teaching practices occurred in teacher questioning
and student voice. They observed a teacher in thirteen science lessons recorded over
2 year-period of a professional development program and assessed the quality of
each lesson as low, medium and high. When the teacher hit the top at high quality
ABI lesson, the shifting indicator of quality was determined as changes in teacher

questioning and resulting increase in student voice.

Questions are so connatural to classroom environments (Wilen & Clegg, 1986) that
teachers should become professional questioners (Gall, 1984). The significant role of
questioning in the nature of classroom environments is not a newly discovered issue.
It has been emphasized in the research for more than a century (Bolen, 2009).
However, the change in science standards throughout the history has assigned

various roles to teachers in questioning over time.

2.3 Teacher Questioning

The role of teacher questioning in traditional teaching methods has been consistently
determined to evaluate student knowledge. In traditional classrooms, the questions
usually look for specific scientific idea and require students to recall their prior
knowledge or to try to find what teacher wants to hear (Chin, 2007). The role of
teacher as an authority of knowledge involves students to accept what teacher says
without negotiation of the ideas (van Zee & Minstrell, 1997b). As a result, student
challenges of teacher questions are perceived as a threat (Baird & Northfield, 1992).
The questions do not serve to the purpose of student expressing of own thoughts
(Chin, 2007). Similarly, Baron (1984) cautioned that traditional classrooms focus on
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repetition and factual learning; thus, could not achieve to reinforce higher level

student thinking.

However, teacher questions should serve to various cognitive functions in a
classroom discourse. Science educators usually adopted “a cognitive functional
perspective on oral questioning, viewing teacher questions essentially as
communicative devices for promoting higher-level scientific thinking among
students” (Oliveira, 2009, p. 424). Chin (2007) argued that effective teacher
questions should provide opportunities to experience higher-level scientific thinking
among students. Similarly, Koufetta-Menicou and Scaife (2000) cautioned that
teacher questions should encourage students to involve in higher level thinking rather
than simply recalling information in inquiry-oriented science lessons. In addition to
promoting higher-level thinking, teacher questioning has also involve in several other
cognitive operations, which include assisting students to solve experimental
problems and to scaffold and intensify knowledge acquired from the experiments
(Wells, 1993), structuring discursive and analytic attitudes as students involving in
inquiry activities (Crawford, 2000), initiating higher-levels of reasoning and quality

explanations (Hogan, Nastasi, & Pressley, 2000).

The active role of questioning in initiating student cognitive functions has been the
topic of investigation in empirical research for many decades. It has been
consistently emphasized in the literature that effective teacher questioning depends
on teacher’s ability to ask questions that initiates higher level thinking (Dantonio &
Beisenherz, 2001). Educators mostly agree that teacher questions should serve
improvement of various thinking skills rather than engaging students in learning of
factual information (Aschner, 1961; Carner, 1963; Hunkins, 1966). Many researchers
(Gallagher & Aschner, 1963; King, 1995; Wease, 1976; Wilen & Clegg, 1986) have
reviewed the literature on questioning and thinking in order to identify that whether
one can directly correlate the level of teacher questions and level of student thinking
processes. Gallagher and Aschner (1963), King (1995), Wease (1976), and Wilen

and Clegg (1986) all noted a direct correlation between these two variables. In this
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sense, researchers attempted to examine cognitive characteristics of teacher questions
and student responses (Gall, 1970).

In the 1950s and 1960s questioning research focused on classifying teacher questions
into categories based on cognitive demand placed on the student. This cognitive
demand was mostly explained with various thinking processes. The questioning has
always central focus on all thinking strategies, including creative thinking, analytical
thinking, critical thinking, decision-making, and problem solving (Walsh & Sattes,
1991). Some notable categorizations were Bloom’s (Bloom, Englehart, Furst, Hill, &
Kratwhol, 1956), Schreiber’s (1967), and Aschner’s (1961) taxonomies. These
categorizations enable researchers to examine issues such as type of questions
(Pfeiffer & Davis, 1965) by quantifying the cognitive demand of questions (Gall,
1970). Bloom and his colleagues (1956) argued that this classification system
(Bloom’s taxonomy) provides researches operational definitions of hierarchical
thinking processes that can be applied to observe or assess question structures. Each
of these taxonomies maintained that by determining various levels of thought,
teachers could easily pose questions at particular levels of thinking. This is explained
by Dillon (1982) as a cognitive correspondence, which refers to match between level
of question and level of the response. The rationale of the research examining
cognitive correspondence has emerged from the direct role of questioning in

initiating cognitive functions in response.

2.3.1 Question Classification Systems

Most of the question classification systems in education literature were developed
based on various cognitive functions that the response requires (Gall, 1970).
Researchers assume that level of questions can be categorized independent from the
subjects and contexts (YYang, 2006). According to Storey (2004), there are three main
themes to classify questions in research literature. These are cognitive hierarchy
(e.g., knowledge to evaluation), sophistication (higher or lower-level questions), and

structure (open-ended or close-ended).
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2.3.1.1 Cognitive Hierarchy

Cognitive hierarchy comprises a set of cognitive demands in different complexities
(Bloom et al., 1956; Ornstein, 1988). The most common scheme used to categorize
cognitive level of teacher questions in literature is Bloom’s taxonomy. In this
classification system, the researcher defined six categories according to cognitive
demand of the questions. The categories, which are knowledge, comprehension,
application, analysis, synthesis, and evaluation, are ranked from simplest to complex
one based on the type of cognitive demand of the question. Evaluation is at the
highest complexity in the hierarchy and demands the highest level of cognitive
operations. Several researchers (e.g., Adams, 1964; Aschner, 1961; Carner, 1963)
were then developed question classification taxonomies with the inspiration of
Bloom’s taxonomy. The representative question classification systems are provided

in Table 2.2.

Several systems in this cognitive hierarchy, such as Bloom’s, Gallagher’s, and
Carner’s, have limited number of categories to classify questions (Gall, 1970). If
researchers are interested in a detailed description on question types, these systems
are not appropriate to apply (Gall, 1970). Several critiques were made on Bloom’s
taxonomy by Sugrue (2002) that the taxonomy is invalid, unreliable and impractical.
Although it is about 50 years old, several categories (e.g., analysis, synthesis and
evaluation) have not been supported by any research to be in the higher degree of
cognitive processes (Sugrue, 2002). Moreover, there is not specific distinction
between either of the two lowest categories (knowledge or comprehension) or
between four highest levels (application, analysis, synthesis, and evaluation). The
questions can be labeled with different codes by different researchers. Sugrue
criticized it stating, the categories above knowledge level was determined as higher

order skills, which in turn, reduce the taxonomy to two levels.
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Further limitations were drawn by Krietzer and Madaus (1994) on the practical use
of the taxonomy since for instance, knowledge category may involve individuals in
more complex demands than analysis or synthesis categories. Moreover, evaluation

cannot be more complex than synthesis since synthesis requires making evaluations.

As seen in the representative question classification systems in Table 2.2, the lowest
level of cognitive operations were categorized as recalling information, and the
complexity increases with various thinking processes, which are analytic thinking,
creative thinking and evaluative thinking (Gall, 1970). Higher order cognitive skills
were defined as individual involvement in higher order thinking skills. Several
researchers also provided critiqgues on the underlying the philosophy of these
taxonomies. Amer (2006) indicated that Bloom’s taxonomy do not involve learner-
centered paradigms into its structure. For instance, constructivism assumes that
students must discover, construct and negotiate knowledge on their own. This
requires individuals to make connections between two or more elements in various
domains (Amer, 2006). Furst (1994) provided several reflections on Bloom’s
taxonomy and reported that the cognitive processes are constructed on a single
dimension, from basic to complex skills. This one dimension aspect does not require
individual’s to make relations in various domains. As Anderson and his colleagues
(2001) reported that the taxonomy requires a “mastery of a more complex category

required prior mastery of all less complex categories below it” (p. 309).

Several cognitive physiologists revised the Bloom’s taxonomy by taking into account
above mentioned critiques. One of the considerable revisions was made by Anderson
and his colleagues (2001). The most notable revisions of these researchers are “the
move from one dimension to two dimensions” in instructional objectives and addition
of meta-cognitive knowledge category (Amer, 2006, p. 218). Although the revision
of Anderson and his colleagues has overcome several limitations of the original
taxonomy (Amer, 2006), it still lacks complex operations such as making
argumentation, induction, and deduction. These complex operations were claimed by

Grimberg & Hand (2009) to be three dimensional objectives and to correspond to
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high-level practices as suggested by science reform movements. The detailed

description regarding the complexity of these operations is given later in the chapter.

Bloom’s taxonomy was used for illustrative purposes. The notion of the cognitive
hierarchy classification system was addressed by using Bloom’s taxonomy since it

has the most common usage in education literature.

2.3.1.2 Sophistication

Questions are generally classified as either lower level or higher level questions
(Ornstein, 1988; Wilen, 1991; Winne, 1979). This system make categorizations as
low or high based on the cognitive level of student responses. For instance, when
teacher question seems to involve student in a low level cognitive response, the
question is labeled as low level. Low level questions require for specific recall of
knowledge (Orenstein, 1987; Winne, 1979) and place few cognitive demands on
students (Graesser & Person, 1994). Lower level questions give the impression to
students that the question has only one right answer (Hamm & Perry, 2002). This
impression does not encourage students to reflect in various ways rather simply
provide them to recall the memorization of the information. In literature, lower level
questions have been defined in various labels; text-based (Scardamalia & Bereiter,
1992), knowledge and comprehension (Bloom, 1956; Gall, Dunning, & Weathersby,
1971), convergent (Pate & Bremer, 1967) factual information, assimilating
knowledge (Schreiber, 1967), short answer or close-ended (Graesser & Peterson,
1994).

Higher level questions, on the other hand, require high-level cognitive functions in
response and permit longer range of responses than lower level questions. High-level
question type is defined in education literature as analysis, synthesis, and evaluation
(Bloom et al., 1956; Gall, Dunning, & Wheathersby, 1971), formulating opinion and
interpreting information (Schreiber 1967), divergent (Pate & Bremer, 1967), and
open-ended or long answer (Graesser & Person, 1994). Research mostly found that

an effective teacher questioning was related to teacher’s ability to ask questions
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promoting higher level cognitive operations (Dantonio & Beisenherz, 2001). In the
literature, while there is a consensus on what constitutes a lower level question, it is
more complex to identify what type of question should be categorized as high-level.
This conflict may emerge from the various definitions of high-level cognitive skills
in education literature. In other words, although many researchers agreed that high-
level questions involve in high-level cognitive practices in the response, it is

controversial what constitutes high-level cognitive practices.

One of the attempts to describe higher level student cognitive practices was made by
Gall and Rhody (1987) by stating, “Higher cognitive questions are usually defined as
questions that required students use such thought process as analyzing, problem
solving, predicting, and evaluating” (p. 32). Grimberg and Hand (2009) claimed that
student  high-level cognitive operations should involve practice of
induction/generalization, deduction, investigation design and argumentation. The
researchers developed a coding pathway in order to categorize student cognitive
operations in the written text. They revealed 11 cognitive operations by examining
documents of students those performing laboratory activities in ABI classrooms.
These operations were classified into three complexity levels, from low to high.
While low cognitive operations involve observations, measurements, and
comparisons, medium-level involves analogies, clarifications using questions or
statements, claims, cause/effect relations. The researchers discussed the rationale
behind these three categorizations that the number of domains in the observed
operations or complexity of each. The researchers further claimed that a high
cognitive operation should encourage students to practice abstraction (Grimberg &
Hand, 2009). One of the strength sides of these categories is that they were emerged
in a standards-based classroom. Similarly, according to Chesebro and McCroskey
(2001) student cognitive processes happen in three levels, which are low, medium
and high. The lower level cognitive process requires calling for specific knowledge.
Medium-level as the second phase involves students making hypothesis,
generalizations, discovering reasons. Lastly, the high-level process is where students

analyze, synthesize and judge knowledge and make evidence-based predictions.
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The present study adopted the categories of high-level cognitive practices determined
by Grimberg and Hand (2009). The rationale behind adoption of these categories is

provided in instrumentation section of the study.

2.3.1.3 Structure

The questions can be also classified considering whether they are close-ended or
open-ended. While close-ended questions are defined as those require specific and
very predictable answer, open-ended type cannot be answered with a specific and
concrete knowledge (Graesser & Person, 1994). Open-ended questions involve
students in long or extended answers with usually requiring a sentence instead of a
word or phrase (Graesser & Person, 1994). The most common classification system
in this category was developed by Graesser and Person (1994). The researchers
developed Taxonomy of Question Types (TQT) by categorizing questions as close-
ended, open-ended as well as management. While close-ended and open-ended
questions adopted the above given definitions, management questions are defined by
the researchers as those applied to manage student directions while they are making
experiments, or completing assignments. Similar to classification systems discussed
above the taxonomy of questions type also based on various cognitive levels. While
close-ended questions are defined as lower cognitive level questions, open-ended
type is referred as higher level. Management questions are those do not fall in any
cognitive categories. One of the advantages of TQT is that what is exactly meant by
each question type was elaborated with sub-categories. For instance, close-ended
questions included five sub-categories, which are verification, disjunctive, concept
completion, feature specification, and quantification questions. Similar sub-
categorizations were also developed for open-ended and management question types.
As suggested by Gall (1970), this provides researchers to make more detailed

descriptions on the question types.

Although Erdogan (2006) considered that the TQT meets nearly all inquiries

adequately, some criticized it that higher level questions in the taxonomy do not
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properly target high-level of cognitive operations in response. The details of this will

be discussed in the instrumentation section of the next chapter.

2.3.2 Types of Questions Used in the Classrooms

Chin (2007) elicited the rationale on examining the types of questions by stating,
“The kinds of questions that teachers ask and the way teachers ask these questions
can, to some extent, influence type of cognitive processes that students engage in as
they grapple with the process of constructing scientific knowledge” (p. 817).
Similarly, Pate and Bremer (1967) gave some insight into the researchers’ attempt to
examine teacher question types by claiming that “The teacher’s effectiveness in
questioning depends on an awareness of various purposes that questions may serve
and an awareness of different types of questions for achieving these purposes” (p.
422). Accordingly, one of the considerations in effective teacher questioning should

be examining teacher use of question types.

The type of questions asked by teachers has been investigated over a century (Bolen,
2009). A brief historical reflection provides insight into the teacher use of question
types throughout time. One of the earliest studies was conducted at the beginning of
the 1910s. Steven (1912) attempted to examine variety in teacher question types and
to describe characteristics of an effective question since teacher training programs in
this term had gave little emphasis to teacher questioning. She studied with high
school teachers teaching in various grade levels and different subject areas, and
found that approximately 66 percent of teacher questions required recall of textbook
information. The researcher observed that teachers ask more questions than students
and generally, the teacher questions are not asked spontaneously with a motivation to
really want to know something. She suggested that questions should be inquisitive in
nature by structuring it based on student experiences. This finding is correlative with
the role of questioning in inquiry-oriented classrooms, which indicates that teachers
should not bring a series of pre-determined questions into the classroom (Chin,
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2007). Instead, the questioning should be constructed flexible by considering student

responses.

Two decades later, Haynes (1935) observed that approximately 70 percent of teacher
questions those asked to 12-13 years old students demanded for factual answers,
while only 17 percent encouraged them to think. By designing an instructional
program to develop teacher questioning skills, Schreiber (1967) observed discourse
interactions in a total of 14 fifth grade classrooms before and after the program. The
researcher found that while at least 50% of the questions required “recall of facts and
arranging facts in sequential order” before the program, they significantly decreased
after the program. The number of high-level questions focusing such as on
comparisons, identifying, describing situations and clarifying information increased.
At the junior high school level, Hoetker (1967) examined nine English teacher’s
varieties in question types during recitation lessons and discovered that more than
80% of the questions required memorization in responses. Similar results were
obtained by Davis and Tisley (1967) while the researchers observed questioning
types of student teachers. At least 50 percent of questions asked by student teachers
were required students to give specific information. Additional evidence on the
teacher’s use of factual questions was provided by Bellack, Kliebard, Hyman, and
Smith (1966). The researchers studied with fifteen eleventh-grade students in social
studies classrooms and observed four lesson periods of each. Hoetker and Ahlbrand
(1969) analyzed the data of Bellack and his colleagues and found that 81 percent of

teacher questions required students to recall of factual information.

Gall and his colleagues (1971) found that there is no change on the type of questions
emphasized in the classrooms for about 50 years. While nearly 60 percent of teacher
questions expects student to recall of facts, 20 percent requires student thinking and
20 percent is procedural questions. Other writers supported the claim of Gall in
1980s with slightly different percentages. For instance, by investigating questioning
in primary and middle school classrooms, Galton, Simon and Croll (1980) observed

that teachers spent approximately 12 percent of their class times to ask questions.
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While nearly 47 percent of these questions were devoted to procedural and
management purpose, 29 percent was factual recall and 23 percent focused on
student ideas. Similar results were obtained by Kerry (1989) in analyzing a total of
213 class hours of teachers teaching at various fields. The researcher found that
while most of the questions were procedural, only 4 percent required students to
practice higher order of thinking.

Similar to research findings until 1990s, it has been consistently observed in the last
three decades that teachers mostly apply lower-level, factual questions (Dantonio &
Beisenherz, 2001; Hamm & Perry, 2002; Newton & Newton, 2000; Yip, 2004). Most
teacher questions engage students in short-answers that require memorization of
factual information, while questions that demand for higher order cognitive skills

have a very small percentage (Graesser & Person, 1994).

Yip (2004) observed questioning skills of 14 biology teachers teaching at high
schools (grade 9-11). The researcher applied to a categorization system slightly
different from the frequently used taxonomies. Questions in the study were
categorized as low-level, high-level, and conceptual-change questions. Low-level
questions were determined as those requiring recall of information and explanation
of a phenomenon or process. While higher order questions are associated with the
several objectives of Bloom’s taxonomy (analysis, evaluation, and synthesis),
conceptual change questions were determined as those eliciting preconceptions,
challenging and extending student ideas and requiring students to apply newly
learned materials to other situations. The researcher found that 35.1% of questions
were at low-level, 25.4% were high-level and 27.4% were conceptual-change
questions. By specifically focusing on questioning skills to promote conceptual
change, the researcher observed that only two teachers among fourteen were able to

ask conceptual change questions to facilitate learning.

By investigating questioning in primary classes in south west of England, Brown
and Wragg (1993) found slightly different results from above discussed studies. The

researchers observed that questions asked by teachers comprised 10% of classroom
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interaction. By analyzing over 1,000 questions, 92% of them were found to be
management questions, while just a few open-ended or more demanding questions
involved in the lessons. The researchers suggested that:
Teachers do not necessarily prepare such questions, but somehow expect them to
arise spontaneously. It may be that if we want to ask questions to get children to

think, then we’ve got to think ourselves about the questions we are going to ask
them (p. 14).

Chin (2006) examined teacher questioning strategies used in initiating productive
thinking in science classrooms. Instead of looking at the type of questions whether to
be open-ended or close-ended, the researcher qualitatively described the nature of
teacher questions and the purposes that they serve. By observing a total of 36 lessons
of six science teachers teaching at seventh grade classrooms, she suggested specific
questioning strategies used by the teachers to construct student thinking and
scientific knowledge. These strategies were grouped by the researcher into four
categories namely, “Socratic questioning, verbal jigsaw, semantic tapestry, and
framing”. Socratic questioning aims to initiate student thinking by “probing,
extending, and elaborating on students’ ideas” (p. 824). Verbal jigsaw questioning
required students to involve in factual information and was used especially when the
subject matter included various scientific terms to be studied. Students were
encouraged to practice multi-modal thinking (i.e., verbal, visual, symbolic,
mathematical) by semantic tapestry strategy in which the teacher questions focused
on abstract concepts and ideas rather than specific scientific terms. Lastly, the
researcher suggested a framing strategy in that the questions served to encourage
students in making relationships between a question and the information that the
response seeks. In this strategy, the teacher questions aimed to construct a problem,
issue or scenario in order to help students to see the main focus of the question for
instance “Imagine you’re an oxygen atom. You start moving, going through the nose.
What is the first path taken?” (p. 834). By observing various questioning strategies in
the science classrooms, the researcher suggested that these strategies can help

teachers to improve their repertoire in questioning practices.
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As previously discussed in the present study, teacher questions serve to different
purposes in classrooms facilitating with different approaches. For instance, as Chin
(2007) highlighted that the primary aim of the teacher questions in a traditional
classroom setting is to evaluate student knowledge. Students in traditional
classrooms are challenged with their factual information instead of practicing various
skills such as creative thinking, evaluative thinking or reasoning. Thus, if a
researcher attempts to observe teacher questioning behavior in a traditional
classroom, it is more likely to found that teachers usually use factual questions since
this type of questions aims student practices of factual information as suggested by
traditional paradigms. In this manner, several researchers attempted to examine types
of teacher questions in classrooms facilitating with approaches suggested by the

science reform movements.

One of these studies was conducted by Cikmaz (2014) in order to examine the
differences in the quality of teacher questions in low and high implementation level
practices of ABI. The researcher studied with two middle school teachers that
participated in a longitudinal study in Turkey. While high-level quality
implementations reflected practices as suggested by reform movements in Turkey,
the low level implementation referred to more traditional teaching practice. Low and
high-level implementations were determined based on student writing scores that
acquired from classroom reports while students were engaged in ABI practices. The
researcher observed that the high-level teacher asked more questions those in high
cognitive level than the low level teacher. The low and high cognitive level questions
were determined based on Bloom’s taxonomy. Although the teachers asked questions
in knowledge, comprehension, and analysis levels, they did not apply any question in
application, synthesis, and evaluation levels of Bloom’s taxonomy. In other words,
Cikmaz could not find any question in application, synthesis, and evaluation levels
during his coding of low and high quality classrooms. Therefore, he addressed

analysis step as high cognitive level question.
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As opposed to results of Cikmaz (2014), Gunel, Kingir and Geban (2012) found that
teachers in their different implementation levels of ABI used questions at various
levels of Bloom’s taxonomy. The researchers investigated questioning behaviors of
three teachers; two of which were middle school science teachers (Teacher 1 and
Teacher 2), while one was a research assistant conducting ABI laboratory activities
in a university in Turkey (Teacher 3). Each participant facilitated ABI
implementations in various quality levels (i.e., low, medium, or high). While Teacher
1 facilitated low quality implementation of ABI, the quality level of implementations
increased with Teacher 2 and Teacher 3. The researchers observed that although each
teacher used questions in various cognitive levels of Bloom’s taxonomy, Teacher 2
and Teacher 3 asked more questions in high cognitive level than Teacher 1. When
classroom implementation went beyond from traditional teaching to more ABI

oriented, the teachers asked more high cognitive level questions.

Gunel, Kingir and Geban (2012) further investigated the quality of follow-up
questions in different implementation levels of ABI. The researchers explained the
reason behind this investigation with Gall’s (1970) assertion that question types
should not be addressed as isolated from each other. When teachers ask high-level
questions, students may involve in high cognitive level skills; however the reason
behind student practice of these skills might come from memorized information. In
this regard, follow-up questions attract importance since it provides teachers
opportunities to examine rationale behind students’ initial response and continue to
challenge student thinking. By examining the characteristics of follow-up questions
asked by the three teachers, researchers observed that while the teacher facilitating
with low-implementation quality asked follow-up questions in an attempt to evaluate
student initial response as ‘right’ or ‘wrong’, follow-up questions asked by others
having higher implementation qualities served to facilitate student talk. Additionally,
the researchers found a positive relationship between the level of teacher questions
and negotiations occurred in the classrooms. “The higher the level of questions

asked, the more the negotiations were occurring in the classrooms” (317). Follow-up
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questions were also found to be effective in the sustaining of the classroom

negotiation.

Erdogan and Campbell (2008) described teacher question types in different quality
levels of constructivist teaching practices. The constructivist teaching practices in the
researchers’ study referred to student-centered strategies such as discussion,
brainstorming, experiments, demonstrations, and student presentations. The
researchers examined teacher question types in low and high quality implementations
of constructivist teaching practices in order to provide insight into the difference of
teacher questions types used in the classrooms. While teachers in high quality
classroom were referred as expert, who achieved practical understanding of
constructivist teaching, those in low quality level classrooms were called as
competent, who adopt more traditional teaching methods compared to expert
teachers. The different quality implementations were achieved in one year
professional development program. The researchers studied with fourteen elementary
school science teachers and recorded a classroom video of each. First, they
determined the quality level of constructivist practice. Two tapes with lowest scores
and two tapes with the highest scores were used to group classrooms as low and high
practices and then, teacher question types were categorized as close-ended, open-
ended and management questions based on taxonomy of question types developed by
Graesser and Person (1994). Analysis of the data revealed that expert teachers asked
significantly more close-ended and open-ended questions. The management
questions did not significantly differ between two groups. Although the nature of low
level questions are generally associated with traditional learning environments
(Hargreaves, 1984; Roth, 1996), the researchers found that teachers in high-level
practices asked more-close ended questions than those in low level but they were not
as dominant as the open-ended questions. Additionally, the researchers reported that
teachers facilitating high-level practices asked 3 times more questions than those in
low level. They related the increased number of teacher questions to active role of

teacher in constructivist learning environments.
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Martin and Hand (2009) argued for the need of the decrease in the total number of
teacher questions in order to shift the focus of the lesson from teacher-oriented to
more open discursive practices. While examining questioning of a science teacher in
ABI learning environment over a course of two years professional development
program, Martin and Hand (2009) noted that this significant decrease was resulted
from the decrease of factual recall and yes/no type questions of teachers. By studying
with K-12 classroom samples in the United States, Tobin (1987) found similar results
that when the number of teacher question decreased, the amount of student talks
increased in the classrooms. While it is controversial whether total number of
questions asked by teachers increases or decreases in high quality classroom
questioning, Gadamer (1993) pointed out that number of questions asked by teacher
do not much matter. The researcher further cautioned that a question focusing on a
particular thinking can be more effective than a hundred questions requiring only the

recall of facts.

2.3.3 Effect of Teacher Question Types on Student Learning

Although higher level questions are noted as to be categorically better than lower
level questions in theory, there are many research examining the effect of type of
questions in relation to student learning outcomes in practice. Much of the research
focused on comparing two notable learning outcomes: teacher questioning in relation
to student achievement (Redfield & Rouseau, 1981; Winne, 1979); and teacher
questioning in relation to level of student responses (Dillon, 1982; Lamb, 1976;
Rosenshine, 1976). Dunkin and Biddle (1974), and Rosenshine (1971) reviewed the
research that conducted mostly in 1960s, and revealed that there is not a specific
trend in the relationship between cognitive level of teacher question and student
learning. However, Heath and Nielson (1974) provided many criticisms on the
methodological approaches of these studies. Rosenshine (1976) reviewed three large
correlational studies conducted at the beginning of 1970s. The researcher reported
that students learn better when teacher questions “tend to be narrow rather than guess

the answer, and the teacher immediately reinforces an answer as right or wrong” (p.
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365). Another review was made by Winne (1979) on a total of 18 experiments
examining the effect of low or higher cognitive questions on student learning. The
researcher concluded ‘“whether teachers use predominantly higher cognitive
questions or predominantly fact questions make little difference in student
achievement” (p. 43). Although these reviews do not favor higher cognitive
questions to promote student learning, several researchers claimed that it is more
effective to apply higher level questions to initiate learning. In this sense, Andre
(1979) observed that higher cognitive questions promote better textbook learning
than fact-based questions. In a more recent study, Lapadat (2000) examined the
classroom interactions and the way of knowledge construction in a sixth grade and
seventh grade elementary school classrooms for one semester. The researcher found
that an open-ended question, which is not predictable and permits a long range of

response, was better to scaffold conceptual changes.

Above discussed research reviews handled student learning as mostly considering
student achievement; however, most of them did not clearly identified how
achievement was measured. Gall (1984) claimed that “Teachers’ questions that
require students to think independently and those that require recall of information
are both useful but serve different purposes. The challenge for teachers is to use each
type to its best advantage” (p. 41). Considering the point of Gall, it is significant to
review the research considering how research aims achievement. If the student
achievement is assessed with tests requiring factual information, it may be not
surprising to attain the result that low-level teacher questions initiate much student
learning than high-level questions. In this sense, various studies were conducted to

observe direct effect of high-level question on student level of high-level thinking.

The research examining the impact of high cognitive level questions on initiating
high-level thinking found contradictory findings (Redfield & Rousseau, 1981;
Winne, 1979). While several researchers observed direct correlation, several have
shown that merely asking a high-level question does not ensure that students’

response will be in high-level thinking.
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Hassler (1980) investigated the relation between high-level teacher questions and
high-level student responses by conducting an experimental research design. The
researcher studied with twenty elementary school teachers and their third and fourth
grade classes. While the treatment group received an intensive training on
questioning, the control group was not manipulated with any treatment. By
comparing the groups, the researcher observed that teachers in treatment groups
significantly increased higher cognitive level questions. Students in the treatment
group correspondingly revealed higher level of thinking than those in the control
group. While high-level questions were determined as categories of comprehension,
application, analysis, synthesis, according to Bloom’s taxonomy of objectives, higher
level responses were coded based on the categories, which are explaining,
interpreting, defining, opining, and justifying. Similar conclusions were drawn by
Lamb (1976) and Rosenshine (1976) by indicating that higher-level questions in fact
initiate higher-level student responses.

Similar results were found by Bolen (2009) by investigating the effect of limited
professional development program on teacher questioning and learner responses in
elementary school setting. Limited professional development in the study referred to
“an hour long professional development session on effective classroom questioning”
(p. 63) implemented three times over 9 weeks period. The researcher conducted a
quasi-experimental quantitative approach with eleven teachers, four of which are at
kindergarten, four first grade teachers, and three second grade teachers and a total of
200 students in these classes. Teacher questions and learner responses were coded in
both control and treatment group into the categories of “lower-conceptual, higher
conceptual, higher-inferential, and higher cognitive” (p. 43). While lower conceptual
questions are determined as factual questions, high-level questions are those require
student higher order thinking skills. The findings revealed an increase in the number
of teacher high-level questions and student high-level responses in treatment group.
Only small percentage of improvement was observed in control group classrooms.
The researcher claimed that limited professional development program increased

teacher question quality as well student response level which is a key factor to
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increase “critical thinking in students; therefore, helping them to become lifelong,
democratic decision-makers” (p. 101). Bolen (2009) further cautioned that research
examining teacher questions and learner responses has never been conducted before

in the context of professional development.

In an attempt to improve teacher questioning through an inquiry-based professional
development program, Oliveira (2009) conducted a study with three elementary
teachers. The teachers’ questioning and effect of it on student learning was examined
before and after the longitudinal inquiry-based program. The researcher applied to a
slightly different categorization in question types. This categorization included
teacher-centered and student-centered questioning. Teacher-centered question types
included display questions and comprehension checks, which require very short
student responses and initiate lower-level thinking (knowledge level of Bloom’s
taxonomy). Student-centered questions included the types of referential, clarification,
and confirmation checks in which students are required to articulate own ideas, or
clarify previous statements. These types require long answers and initiate higher-
level thinking (comprehension level of Bloom’s taxonomy). By comparing teacher
question types before and after the professional development program, Oliveira
reported that whereas 51% of the questions were teacher-centered before the
program, it decreased to 31% after it. Teacher training in inquiry-based teaching
resulted in the increase of student-centered questioning from 49% to 69%. The
increase in student-centered questioning, in turn, “prompted longer and more
articulated student responses, promoted higher-level student thinking, positioned
students as complementary experts, prompted students to provide tentative responses,

and encouraged students to conduct authentic investigations” (Oliveira, 2009, p.
422).

Katherine, McNeill and Pimentel (2009) analyzed the role of teacher questioning in
student discourse practices. The researchers observed the classrooms of three
teachers teaching at high school grade levels and found a significant relationship

between teacher questioning techniques and the argumentation discourse in the
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science classrooms. The teachers applied open-ended and close-ended question types
at various proportions in their classroom practices. However, the classroom practice
in which students were usually exposed to open-ended question types promoted
better student talk and argumentation discourse. The researchers indicated a positive
relationship between the percentage of open-ended question types and student
practices of reasoning, using evidence to support claims and dialogical interactions
with their peers, Additionally, open-ended questions in these classrooms had
potential to encourage students “to consider multiple views, reflect on their thinking

and reflect on the thinking of their classmates™ (p. 203).

In a more recent study, Kawalkar and Vijapurkar (2013) investigated the role of
teacher questioning in both traditional and inquiry classrooms. The researchers
observed three classroom practices of four science teachers with a total of twelve
practices. While two of these teachers had at least 10 years of teaching experience in
inquiry, the others taught in traditional way. The researchers examined the impact of
questioning on student learning by comparing the outcomes in traditional and inquiry
practices. They observed that traditional teachers asked much more questions than
inquiry teachers; however, questions in the traditional setting were mostly asked with
the aim of evaluating what students already knew. Questions in inquiry classrooms,
on the other hand, aimed to trigger student thinking and to encourage all students to
participate in discussions, which in turn, provided them opportunities to construct
conceptual comprehension. The nature of the questions in inquiry classrooms moved
away from “eliciting, diagnosing and probing students’ ideas to refining them and
guiding the entire class towards accepted scientific knowledge” (p. 2019). The
questions had roles in not only initiating discussion but also guiding it. This nature of
questioning in inquiry-oriented science classrooms resulted in higher-level student
thinking and provided teachers opportunities to bring out and deal with student initial

conceptions.

Several researchers (e.g., Dillon, 1982; Harrop & Swinson, 2003; Mills, Rice,

Berliner, & Rousseau, 1980), on the other hand, discovered that more than half of the
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student answers were in lower level even when teacher asked a higher level question.
Similar evidence was provided by Dillon (1982) by stating, “Ask a higher-level
question, get any level answer” (p. 549). Harrop and Swinson (2003) investigated
teacher question types and learner responses in 10 infant, 10 junior high, and 10
secondary school classrooms. The researchers revealed that in all of the grade levels,

students usually gave short answers regardless of teacher question types.

It may not be necessarily required to use higher level questions more frequently than
lower level ones. Goodwin, Sharp, Cloutier and Diamond (1983) argued that it is
important to use systematic and purposeful questioning techniques consisting of both
higher and lower level questions together. In this sense, Konya (1972) provided
evidence that increase frequency in higher-level questions do not necessarily involve
in much high-level response. By studying with two junior high school teachers in
their social studies classrooms, the researcher grouped students based on teacher
question types that they exposed. In the first group, students were exposed to 65%
high-level questions; the second group students were required to answer 50% high-
level questions; and students in the third group were required to answer 45% high-
level questions. It was observed that students’ high-level response rate is the highest
in the second group, who were exposed to equal number of high and low level

questions.

Several educators believe that in order to promote higher level thinking, students
need to be faced first with factual questions and then higher level ones (Gall, 1970).
Teachers should give a direction to discussion first by asking recall questions and
then should manipulate ideas with higher cognitive questions (Taba, 1966). Gall
(1970), on the other hand, discussed the reason behind asking high-level questions
and getting low level answers that it can be related with ineffective question
classification systems. Many of the question classification systems (provided above
in Table 2.2) were constructed based on investigation of teacher question types
which actually observed in a classroom rather than considering the types of questions
which teacher should use (Gall, 1970). The researcher further indicated that the
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question types undoubtedly have significance to be examined; however, they should
not be considered as isolated from each other. The research should give more
emphasis to look for question sequences (Gall, 1970). The question sequences either
involve in multiple question chains, or in question-response sequences. While
multiple questions occur when teachers ask a series of questions, which were not
interrupted by students, question-response sequence involves examining teacher
questions, student responses and teacher reaction to the response (Fink, 1987). The
question-response sequence requires focusing on discourse patterns in the

classrooms.

2.3.4 Discourse Patterns in the Classrooms

Although the focus of research regarding classroom questioning is mostly on
cognitive level of teacher questions (Cotton, 2001), it is also significant to examine
classroom discourse patterns to gain insight how to initiate higher order thinking
skills (Gall, 1970). The findings commonly revealed two patterns in classroom
questioning. One of the predominant one is Initiate-Response-Evaluate pattern
(Dillon, 1988; Lemke, 1990). This pattern involves in teacher asking of questions to
initiate an interaction, student answering the question and teacher evaluation of the
response. The initial question generally occurs in factual or close-ended type. Student
gives pre-determined answer to question and teacher confirms corrects answers or
corrects the wrong ones. This pattern represents the discourse structure of traditional
classrooms (Chin, 2007). The secondly emphasized questioning pattern is Initiate-
Response-Feedback-Response-Feedback (IRFRF) structure (Mortimer & Scott,
2003). The IRFRF chain is differed from the IRE structure in a way that student
further responses to teacher evaluation or feedback and teacher makes another
comment in order to encourage students to continue to discourse or to ask for
clarification. This pattern of discourse provides opportunities to structure
conversation based on student ideas while exploring them. The characteristics of

teacher questioning types and patterns in traditional and inquiry-
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oriented/constructivist learning environments along with the purpose of each, which

was discussed above in the chapter, was summarized by Chin (2007) in Table 2.3.

Examining teacher questioning patterns, Roth (1996) and Mehan (1979) claimed that
teachers mostly apply IRE questioning structure. This sequence continues until the
teacher gets the desired answer, despite the deterioration of the quality of questioning
and interaction (Mehan, 1979). In order for teachers to avoid poor questioning
patterns, they need to consider that the questions are distributed throughout
classroom time (Goodwin et al., 1983; Morgan & Saxton, 1991). Particularly,
teachers need to pay attention to provide some wait time between any two questions.
Wait time generally refers to "deliberate silence” (Dillon, 1988, p. 162) between a
teacher question and student answer. Otherwise, teacher will involve in asking

multiple string questions in which questions are posed without student interruption it.

Multiple string questions are associated with teacher use of short wait time by Fink
(1987). The researcher discussed that when a teacher question is not immediately
responded by students, teacher asks another questions until gets any response
because of the perception that initial question failed. White and Lightbrown (1984)
investigated multiple questioning phenomena and discovered that when students did
not provide any response to a question immediately, the teacher asked almost nine

repetitive questions, which rephrase the initial one.
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Table 2.3. Comparison of Teacher Questioning in Traditional and Constructivist
Teaching

Traditional Constructivist/Inquiry
Purpose of Evaluate what students know Elicit what students think, encourage
uestioning them to elaborate on their thinking,
=] =
and help them construct conceptual
knowledge
Structure of IRE (teacher-student-teacher) IRFRF chain

questioning sequence
Reflective toss (student-teacher-student)

Adjustments to Move through a series of questions in  Adjust questioning to accommodate
teacher’s agenda accordance with planned agenda students’ contributions and respond
to students’ thinking
Nature of questions Recall, lower order, closed with Open, engage students in taking
and responses predetermined short answer more responsibility for thinking

(higher-order thinking): responses are
longer, calling for one- or two-sentence

answers
Teacher’s response Praise correct answers; correct wrong Delay judgment; accept and acknowledge
answers; treat students” challenges student contributions in a neutral
to her questions as threat rather than evaluative manner
Authority for judging  Teacher is authority and asserts Shift authority for evaluating answers
answers knowledge claims that she expects from teacher to all students

students to accept without debate

Source: Chin, C. (2007). Teacher questioning in science classrooms: Approaches that
stimulate productive thinking. Journal of Research in Science Teaching,
44(6), 815-843.

The repetitive questions corresponded to 64% of total number of questions, and
response rate were generally decreased after these questions. The researchers further
observed that increase in the teacher use of wait time decreased the frequency of

repetitions.

Stevick (1976) argued that individuals can keep a sentence in memory for 20 seconds
before actually involving in understanding of its meaning and a few seconds of
silence do no mean that students have not understood the question. Therefore,
teachers should not need to repeat or rephrase a question. More than that, teacher
permitting of wait time after any question is considered a very essential part of
questioning. Teachers who use wait time at least 3-5 seconds results in less teacher-

oriented classrooms (DeTure, 1979), and students have more opportunities to
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question, analyze, compare and interpret the ideas (Honea, 1982). Teacher’s use of
wait time after a question allows students some time to think over the question
(Stahl, 1994). Unfortunately, the classroom studies of Rowe (1974) indicated that
teachers generally do not permit wait time or give limited time after questions. One
of the reasons for the limited amount of wait time can be explained with it is
perceived as waste of class time (Dillon, 1988; Morgan & Saxton, 1991). This
perception does not allow students time to focus on question, recognize it and

mentally calculate what is being asked (Gall, 1984).

Although studies on teacher questioning patterns mostly focus on IRE or IRFRF
sequences, Gall (1970) cautioned that there is less attention on examining the
sequence of question types to initiate higher level student responses. Sequencing is a
strategy for effective questioning in which teacher uses the question types in a
patterned order indicating a purposeful questioning technique. This sequence
required to examine the order of questions types as suggested by Taba (1966).
Although the need for examining the sequence of question types was emphasized by
the research review of Gall (1970) a few decades ago, studies did not give attention
to this issue. The researcher of this study could not access any study focusing on the
sequence of teacher question types after 1970s. This is particularly supported with a
research review in a recent time conducted by Cotton (2001) in a way that the
researcher did not report any study concerning the question sequence in an attempt to

analyze characteristics of research on classroom questioning.

2.3.4.1 Analysis of Discourse Patterns

Research examining teacher questioning and student responses suggests various
techniques to analyze what occurs during classroom interactions (e.g., discourse
analysis, domain analysis, and content analysis). The present study found discourse
analysis as most appropriate to apply because of the reasons that will be discussed in
the next chapter. Through the classification or coding of questions and responses,

researchers can gain insight into the question and response levels applied into the
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classrooms as well as their bilateral relations. Dantonio and Beisenherz (2001)
identified that “Coding the questions and responses in a lesson is a way to understand
the patterns of teacher questions, learner responses, and the relationships that exist
between teacher questions and learner responses” (p. 77). Coding conversations to
analyze questioning and response patterns would provide not only understanding into
the change over time (Bolen, 2009) but also assessing the effectiveness of teacher

questions to promote student cognitive skills in practice.

Similar to question classification systems discussed in a previous section, classifying
or coding of learner responses requires taxonomies involving various cognitive
operations. The representative question classification systems (e.g., Bloom’s,
Schreiber’s, Aschner’s taxonomy) can also applied to code student responses in
studies. However, as indicated previously, these taxonomies do not practical to use in
classifying cognitive demands (Gall, 1970; Krietzer & Madaus, 1994; Sugrue, 2002).
In a more recent time, Grimberg and Hand (2009) developed a classification system
by examining laboratory reports of students in ABI classrooms. They revealed 11

cognitive operations, ranging from simple to more sophisticated one.

Although the most highly cited taxonomy is Bloom’s in education literature (Morgan
& Saxton, 1991), the classification system developed by Grimberg and Hand (2009)
is more favorable to apply in the present study because of several considerations.
First, it was currently developed in a standards-oriented classroom based on
empirical data rather than theoretical assumptions. Secondly, it is practical to classify
student response since it includes numerous categories (N=11). Bloom’s taxonomy
was criticized by Gall (1970) as having limited number categories to classify
questions. The third and probably most advantageous aspect of the system lies under
rationale behind the categorization of 11 operations into 3 complexity levels, which
are perception, conception, and abstraction. Higher order cognitive skills require
individuals to make connections between two or more elements in various domains
(Amer, 2006; Furst, 1994). The cognitive processes should require mastery of

complex categories, which covers “all less complex categories below it” (Anderson
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et al., p. 309). As suggested by the researchers, Grimberg and Hand constructed the
classification system considering number of domains involved in each cognitive
operation with an inclusionary aspect that complex operations require the practice of
less complex ones. Low level operations were associated with student use of
‘perception’, the complexity increases with student use of ‘conception’. The highest

level requires student practice of ‘abstraction’.

Perception includes observation, measurement and comparison which are
noncomplex, one dimensional operations. The complexity increases with analogy
since it requires relation of two elements in two different domains: the source and the
target. Similarly, clarification, claim and cause/effect operations require students to
relate two conceptual domains. Thus, they were classified together in the same
category. The highest level requires student practice of ‘abstraction’, such as
induction, deduction, investigation design, and argumentation. Induction requires
relating more than two domains as individuals are extracting few instances (pre-
inductive domains) to general premises (inductive domain). Similarly, deduction
establishes relationship between more than two domains as individuals draw
particular instances from general principles. Investigation design is a complex
operation since it provides individuals integrate questions, claims, and inferences.
Lastly, argumentation involves more than two domains as integrating the operations

mentioned above, such as questions, claims, clarifications, inductions.

2.3.5 Why Aren't Teachers Asking The Effective Questions?

Questions are so important in the nature of classrooms (Wilen & Clegg, 1986) that
teachers need to be professional questioners (Gall, 1984). Although effective
question type is determined as to be open-ended or high-level questions in education
literature; it is mostly found that teachers pose predominantly cognitive-memory or
factual-recall questions (Crawford, King, Brophy, & Everston, 1975; Cunningham,
1977; Gall, 1970; Gallagher, & Aschner, 1966; Greenough, 1976; Graesser &

Person, 1994). In this manner, it is contradictory in education literature whether
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teachers need to ask more open ended-questions than close-ended type in effective
questioning. Several researchers found that in high quality science classrooms,
teachers asked more open-ended questions than close-ended type (e.g., Erdogan &
Campbell, 2008; Martin & Hand, 2009), whereas several others claimed that it may
not be necessarily required to use higher level questions more frequently than lower
level ones to initiate higher-level thinking among students (e.g., Goodwin et al.,
1983; Konya, 1972). This group of researchers support that it is important to use
systematic and purposeful questioning techniques consisting of both higher and
lower level questions together. As can be inferred, it is controversial what constitutes
an effective teacher questioning. This brings the questions that in which proportions

should teachers apply the question types in an effective questioning.

However, several researchers attempted to provide insight into the reason why
teachers are not proficient to involve students in higher thinking skills. Storey (2004)
listed some reasons that “teachers are commonly a) unfamiliar with the many
classifications of questions, (b) unaware of the concept of cognitive correspondence,
(c) constrained by standardized test, (d) inattentive to student schema, and (e)
unskilled in effective questioning techniques” (p. 44). The researcher defined
ineffective questioning as teacher’s frequent use of lower-level questions relying on

factual information.

Higher level questions will not always result in higher level thinking (Dillon, 1982;
Sanders, 1966); however, teachers must ensure the cognitive correspondence that the
level of student answer is on the same level of teacher question rather than requiring
responses, which are not cognitively respondent (Bradtmeuler & Eagan, 1983;
Morgan & Saxon, 1991; Sanders, 1966; Shore, 1992). In order to achieve this,
teachers primarily required to be aware of question classification systems (Storey,
2004).

Savage (1998) argued the reason why teacher questions dominantly rely on close-
ended nature in a way that the classroom interaction is controlled by the standardized

tests since they require teacher dependence to textbook questions. However, textbook

55



questions are generally lower-level that involve students in memorization of facts
(Savage, 1998). This result in dominant questioning of lower-level type and

classrooms correspondingly become more teacher-centered.

While above discussed reasons handled ineffective questions as teacher frequently
use of lower-level questions, several researchers argued for even if teacher asks
higher level questions, students may not involve in higher thinking skills. Gall (1970)
argued this issue relying on ineffectiveness of commonly used classification
taxonomies to observe real high-level questions or thinking skills. Question
classification systems “were designed primarily to investigate the types of questions
which teachers actually use in the classroom, not the types of questions which
teachers should use” (p. 7). Although Gall claimed it in 1970, the issue is still
important to take into account since most of the dominantly used classification
systems were developed before that time. Considering Gall’s point, it can be referred
that what is labeled as high-level question might not be actually categorized in this
level. The researcher further suggests developing question classification systems in
specific curriculum. That means, if the focus of research is on question types in art

lesson, the representative examples of the types must be observed in this curriculum.

Additionally, teacher unawareness of student experiences of schema that they bring
to classrooms (Piaget & Inhelder, 1969) affects student responses (Bean, 1997); thus
may result in ineffective questioning. An expectation of higher level thinking without
considering student schema (Piaget & Inhelder, 1969) is an ineffective effort (Moll &
Greenberg, 1990). In this regard, several researchers (DepHt, 1988; Heath, 1983;
Moll & Greenberg, 1990; Valedes, 1996) examined impacts of culture on student
responses in order to determine whether effective teacher question show variety
across different cultures. Valedes (1996), for instance, observed that students of
Mexican descent may be uncomfortable in answering questions orally. The
researcher claimed that Mexican American children do not want to be disrupted in
their utterances thus, it may be better to involve them questioning in one-on-one

manner. Furthermore, lack of response in this culture does not provide signs that
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children do not know the answer instead they generally feel uncomfortable in
answering questions. Culture was used as an example in order to provide insight into
how student prior experiences may impact their responses and teacher questioning
behavior. It may be impractical to delineate the characteristics of culture of students
in a classroom, but Hyun (1998) suggested that teachers should be aware of the
student valuable knowledge and experiences that they bring to classrooms.
Additionally, in this sense, it may be important to adopt a research methodology of
case study design in questioning studies, since Merriam (1998) asserted that it allows
researchers to provide an ‘intensive, holistic description’ regarding the participants.
A description regarding participants’ demographic or cultural backgrounds in a case
study may provide readers to gain insight into the characteristics of background

differences.

The last consideration of Storey (2004) in teachers’ ineffectiveness of questioning
strategies underlies the need for professional development in questioning skills.
Teacher’s lack of training in questioning prevents quality questioning in classrooms
(Otto & Schuck, 1983). Teachers need to be trained to improve their art of
questioning (Dantonio, 1990; Fairbairn, 1987; Joyce & Showers, 1980; Joyce &
Showers, 1983; Otto & Schuck, 1983; Ryan, 1973; Savage, 1998; Sitko & Slemon,
1982). Bolen (2009) asserted that researchers have emphasized the need for
professional development over a century in an attempt to increase the amount of
higher level questions and effective questioning. However, there are limited studies
on examining teacher questioning along with professional development programs
(Bolen, 2009).

2.3.6 Improving Teacher Questioning

Fairbairn (1987) asserted that questioning is a scientific process and teachers need to
be trained in the art of questioning. There are different ways to train teachers as
effective questioners (Otto & Schuck, 1983; Ryan, 1973; Savage, 1998; Sitko &

Slemon, 1982). Houston (1938) developed in-service training program in order to
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improve teacher questioning practices. The program included group conferences,
self-analysis and supervisory evaluation. Data gathered from eleven teachers
indicated that majority of teachers improved their particular aspects of questioning
behavior. These aspects included percentage of teacher questions in the classrooms,
student participation and percentage of questions requiring manipulation of facts.
Furthermore, several negative teaching behaviors such as repetition of questions,

answering own questions and interrupting student answers were reduced.

Several research has been conducted to compare the efficiency of various programs
in developing teacher questioning techniques. For instance, Allen, Berliner,
McDonald, and Sobol (1967) applied to a videotape of a model teacher, who uses a
large number of high-level questions, and tested the degree of efficiency of both
visual instruction (videotape of an instruction of model teacher) and written
instruction (transcript of the video). The researchers concluded that both techniques
are equally efficient to improve student teachers’ higher cognitive questioning.
Similarly, Koran (1969) tested the relative effectiveness of videotapes of model
teachers by observing preservice teachers in science classes. The researcher revealed
that videotape of a model teacher was more effective than other several techniques
such as traditional college instruction involving lecture and demonstration of

effective questioning behaviors.

Sitko and Slemon (1982) reported that a coaching technique is efficient to improve
questioning skills. In their study, the researchers required teachers to read a module
in order to learn a system for categorizing questions. Classroom question sequences
were observed by coders after the treatment and changes in the types and distribution
of questions were observed. Teacher applied a variety of question types rather
relying solely on cognitive-memory or factual-recall questions after the treatment.
Similarly, Savage (1998) found that teachers can be trained in workshops to become
effective questioners. The researcher implemented a total of eight workshops in
which teachers were required to review types and purposes of questions. They were

provided a guided practice to increase the practice of asking higher level questions.
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The researcher concluded that workshops provided teachers to ask more high-level

questions.

Since workshops usually provide a way to train large group of individuals in a short
time period (Sork, 1984), it is a commonly applied practice in teacher trainings. Most
of the training programs were conducted in short sessions; it is not common to
examine teacher pedagogic practices in sustained, long-term programs (Benus,
Yarker, Hand, & Norton-Meier, 2013). One session training programs, which are
called by Budde (2011) as “one-shot session, sit-and-get and one size fits all
approaches” (p. 21) are very common types of the teacher professional development
(Darling-Hammond, 2005; Darling-Hammond & McLaughlin, 1995; Lieberman,
1995; Shibley, 2001; Xu, 2002).

Examining the characteristics of questioning studies, in this sense, two types of
research has emerged. One type is those training teachers with an individual focus on
questioning skills and the other type aims improvement in questioning with a holistic
focus on pedagogic practices concerning teacher belief. As discussed above, several
researchers favor the need for focusing on teacher belief in order to attain a
development in any specific strategy. More evidence regarding this issue was
provided by Omar (2004). As discussing the changing indicators of science toward
implementing inquiry-based or constructivist approaches, the researcher indicated
that teacher shifting practice in dialogical interaction can be achieved by teacher
understanding of the foundations underlying why students should be at the center of
classroom interaction. This can be achieved by teacher understanding of the
fundamental theories and practices regarding inquiry-based approaches. Furthermore,
possessing a deeper understanding is not enough; teachers need to transform their
understanding into practice (Omar, 2004). In this sense, questioning skills should be
addressed by considering teacher pedagogic beliefs and practices regarding reform-

based science education instead of a narrow focus on questioning skills.
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2.3.6.1 Milestones of Professional Development Programs

Professional Development (PD) programs have been conducted mostly in traditional
forms such as workshops, conferences, seminars and presentations (Garet, Porter,
Desimone, Birman, & Yoon, 2001; Porter, Garet, Desimone, & Birman, 2003).
These forms have been frequently criticized in education literature that they are
inefficient to promote meaningful changes in teaching practices since teachers are
not provided with sufficient time and content (Loucks-Horsley, Hewson, Love, &
Stiles, 1998). It is most likely in these forms to expose teachers to an expert’s
presentation of a set of skills instead of engaging them in real practice or experience
of actions.

Investigations into the quality of PD programs revealed that teachers should
experience the process as learners (Radford, 1998). Teacher learning occurs in a
similar way that of students’ (Fullan, 1996; Lieberman, 1995). The shift of science
education from teaching-centered to learning-centered view is also evident in teacher
training initiatives. In this sense, Lieberman (1995) cautioned that ... what everyone
appears to want for students-a wide range of learning opportunities that engage
students in experiencing, creating, and solving real world problems, using their own
experiences, and working with others- is for some reason denied to teachers when
they are the learners” (p. 591). PD opportunities should provide teachers to
experience science for themselves in a way “they will want their students do”
(Loucks-Horsley et al., 1998, p. 13). Furthermore, the programs should comprise
“follow-up experiences with multiple interactions” (Luft, 2001, p.552). Reform
movements strongly suggest systematic follow-up and ongoing support in the
structure of PD programs (Danielson, 2006; DuFour & Eaker, 1998; Feiman-Nemser,
2001; Gunel & Tanriverdi, 2014; Kent & Lingman, 2000; Killion, 2000; Lewis,
1997). Follow-up activities aims to provide teachers implement what is learnt in PDs
focus in their own classrooms (Danielson, 2006; Darling-Hammond, 2000; DuFour,

Eaker, & DuFour, 2005).
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The importance of follow-up activities and ongoing support in PDs has brought
along the need for longitudinal programs. The shifting in teacher pedagogic practices
requires at least 18 months (Gunel & Tanriverdi, 2012; Martin & Hand, 2009).
Effective PD programs should be long term and target many complex values:
pedagogy, beliefs, and perceptions that affect teacher classroom practices (Yager,
2005).

Several researchers argued that even though the focus of the training program is a
specific skill or practice; it should be conducted by targeting teacher existing beliefs,
knowledge, and habits of practice. Teacher's belief must become an explicit target of
change. “Without such change as a priority, efforts directed at teacher development
become narrowly focused on changing the kinds of attributes and skills that may be
added to, subtracted from, or modified" (Windschitl, 2002, p. 143). Similarly, Haney,
Czerniak and Lumpe (1996) discussed the requirement of a special attention into
teacher beliefs while improving teacher specific skills. If a teacher views teaching
practice as a transmission of knowledge, any focus on a change of a particular
strategy will be senseless (Omar, 2006). Thus, professional development programs
should target teacher beliefs that interact with their practices (Richardson, 1990).
These beliefs generally concern teacher own role in classrooms and how learning
occurs (Cronin-Jones, 1991). Teacher understanding of how learning occurs help
them to reconstruct beliefs about the role of teacher and students in the classrooms,
which in turn affect the way they teach (Levitt, 2001; Luft, 2001; Richardson, 1996).
Teacher belief is a very important component of teacher decisions on adopting and
sustaining any reform based practice (Abell & Roth, 1992; Bybee, 1997; Cohen &
Ball, 1990; Cooney & Shealy, 1997; Woodbury and Gess-Newsome, 2003).

Researchers and practitioners agree on the following characteristics in high quality
professional development programs (Banilower, Heck, & Weiss, 2007; Bryant, 2008;
Elmore, 2002; Kanaya, Light, & Culp, 2005; Loucks-Horsley, et al., 2003).
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1. Ongoing process with an emphasis on continuous improvement
(Danielson, 2006; Darling-Hammond, 2000; DuFour, Eaker, & DuFour,
2005; Killion, 2000; Lewis, 1997).

2. Constructed based on systems align with reform movements (Guskey,
2003; Kelleher, 2003; Sparks & Hirsh, 2000)
3. Data-driven programs in which teachers are provided evidence on

student learning (Danielson, 2006; DuFour, Eaker, & DuFour, 2005; DuFour
& Eaker, 1998; Guskey, 1995)

4. Collaborative and focusing on authentic problems (Jeanpierre,
Oberhauser, & Freeman, 2005; Feiman-Nemser, 2001; Killion, 2000).
5. Inquiry-based and reflective on practice of teaching techniques

(Darling-Hammond, 2000; 2005; Feiman-Nemser, 2001; Killion, 2000;
Sparks & Hirsh, 2000).

In addition to above suggestions, in order to successfully develop teacher pedagogic
practices, the participants should be willing to change their current practices.
Researchers strongly agree that teachers need to feel dissatisfaction with their
existing teaching methods since this will encourage them to use and sustain reform-
based teaching in classrooms (Gess-Newsome, 2003; Feldman, 2000; Sarason, 1982;
van Driel, Beijaard, & Verloop, 2005).
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CHAPTER3

METHOD

This chapter will address the methodology used to analyze pedagogical
progression through teacher questioning in middle school science classrooms. First,
the research design will be described with the rationale justifying the choice for the
design. Then, research context, data collection, coding, and data analysis procedures
will be explained. The chapter will be concluded with a discussion on the

trustworthiness of the study.

3.1 Research Design

A case study research design was used to address each research question in this
study. The case study research is an ‘intensive, holistic description’ of an individual
unit (e.g., person, program, organization or community) (Merriam, 1991, p. xiii). It
provides researchers opportunities with engagement in a deep holistic view of a
phenomenon and may facilitate describing, understanding and interpreting of a
research situation (Baxter & Jack, 2008; Tellis, 1997). The case study best fits to
research strategy in this study since the study primarily focused on a description of
the adjustments made by the teachers in their use of questions across different

pedagogic implementation levels.

By examining the types of case study designs, Stake (1995) categorized the forms as
intrinsic, instrumental, and multiple studies. The researcher further defined the
intrinsic case study in a way that it is applied in understanding of a specific
individual or situation. In an instrumental case study, on the other hand, the

researchers engaged in understanding of something for a larger goal instead of
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describing a particular case. The third type, multiple- (or collective) case study, is the
form of investigating multiple cases as part of an overall aim of the study. It is
significant to note that although these three forms have distinct definitions, they can
be used in combination in a study (Stake, 1995). Along the three forms of the case
studies, the multiple-case study was the most appropriate design since the study
examined two cases as a means of one overall aim. The study needed to first
understand teacher questioning patterns in  middle and high classroom
implementations in each case, and then, collectively describe teacher questioning
characteristics considering two cases. The research questions will be addressed for
each case separately, and then cross-case comparisons will be applied to determine

the convergence and divergence among the results of two cases.

The present study found case study as the most appropriate design because of the
research indicating that teacher questioning behavior shows variety from teacher to
teacher (Schreiber, 1967). Since the focus of the study was examining differences in
teacher questioning occurred over a time period, the teachers were investigated
individually and then cross-case comparison were conducted to show convergences
and divergences between the findings emerged from two cases. The cross-case
comparison provides data interpretation through analysis of the convergences and
divergences in and between cases (Merriam, 1998). The cross-case analysis design
aims to indicate similar and different characteristics of the results from multiple
cases. While “the differences between the cases may lend interest to each individual
case” the similarities may contribute to the focus of the study (Harootunian, 2007, p.
159). Furthermore, by allowing the researchers to compare the cases from one group
to another, the cross-case analysis provides opportunities to learn from different

cases and collect evidence to modify policy (Khan & VanWynsberghe, 2008).

As a whole, by applying a multiple-case study using cross-case analysis, while the
researcher was interested in teacher questioning characteristics, the focus was not on
the individual cases. Instead, the attention was on how the teachers used questions in

their different classroom implementations. This allowed for the interest on describing
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the differences in teacher questioning patterns between medium and high classroom

implementations rather than focusing on a specific case.

3.2 Research Context

In this section, the researcher will provide rich contextual information regarding the
cases. Each case is a teacher, who implemented both medium and high-level of ABI
teaching. The two teachers (two cases) as participants of the study were selected
from a professional development (PD) program that was conducted in Turkey. First,
the PD program will be described in detail, and then the descriptions will be provided
regarding teacher’s background, experience in the PD program, and classroom and

school settings.

3.2.1 The Professional Development Program

The teachers were selected among participants enrolled in a 3-year (6-academic
semester) professional development (PD) program that was carried out within the
scope of a project funded by The Scientific and Technological Research Council of
Turkey (TUBITAK). The aim of the project was to improve teacher understanding
and implementation skills of ABI teaching in middle school science classrooms. The
participant teachers were able to build pedagogical knowledge and skills so as to
enable their students to experience excitement and challenges of experimental and
investigative science as well as to develop skills suggested by the current science
reforms In order to achieve this objective, the structure and content of the PD
program were designed by considering data-driven evidence, practice-based
understanding and national science reform expectations regarding the classroom
practices. In this section, the structure and content of the PD program will be
detailed.

The program was conducted with a total of 30 science teachers working at middle

schools located in different geographical regions of Turkey. The structure of the PD

65



program included three major parts, which were in-service trainings, on-site
professional supports, and assessment and measurement activities. Teachers attended
to 3-day in-service training activities at the beginning of each academic semester. A
total of 6 in-service training sessions was conducted across 6 academic semesters of
the PD program. After each in-service training session, teachers received on-site
professional support for the monitoring incentives as well as to accommodate their
instructional needs and to encourage pedagogical development in ABI teaching. The
researchers provided on-site supports in teachers’ school settings at least once in
each semester. On-site supports are perceived as the milestones of teacher
pedagogical development in international PD contexts (Gunel & Tanriverdi, 2014).
By analyzing the PD programs from international and national perspectives in
Turkey, Gunel and Tanriverdi (2014) discussed for a need for longitudinal PD
program those cover on-site supports based on the idea that learning is an ongoing

process not only for students but also for teachers.

Within this continuous learning process, teachers implemented ABI teachings in their
own classrooms and the classroom implementations were recorded with videotapes
for the assessment and evaluation of the teacher progress. The teachers’ classroom
implementations were recorded at least in a unit in each academic semester of the 3-
year PD program. The classroom videos were analyzed using Reformed Teaching
Observation Protocol (RTOP) in order to measure the degree to which science
classrooms reflect key features of ABI teaching. By analyzing teacher
implementation level of ABI teaching in each semester, teacher progress was
determined and the researchers had opportunities to provide feedback to teachers on
their pedagogical progress throughout the PD program. The detailed information
about the analysis of the teacher implementation level will be described in the next

section of this study.

The in-service training activities implemented in 3 consecutive days at the beginning
of each academic semester. The structure of the 3-day activities included the

followings: 1) pedagogical discussions about learning and teaching, 2) hands-on
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inquiry experience as a learner, and 3) curriculum preparations for teacher
implementation of ABI teaching in own classrooms. The content of the in-service
training activities targeted teacher understanding of ABI teaching as well as change
in teacher beliefs and perceptions regarding learning and teaching. The research on
teacher change pointed out the fact that teacher pedagogical shifts in their practices
cannot be achieved without a change in their perceptions and beliefs toward learning
and teaching (Gunel & Tanriverdi, 2014). Thus, the PD program aimed to develop
teachers’ pedagogical practices by continuously challenging and probing their

epistemological beliefs and perceptions.

Within the scope of the hands-on inquiry experience as a learner, teachers were
immersed in ABI implementations within the selected curriculum-based unit so that
they experienced the school based science topic as learners. Such activities not only
illuminated the value and joy of ABI learning but also provided internal reflection
about their own learning dynamics. The reason behind the teacher experience of a
process as a learner lied under the teacher change research. The national and
international research analysis in in-service trainings drew the attention on the need
for teacher practice of the training process as a learner in order to share of teacher
own learning experiences and to draw own conclusions regarding how learning
occurs (Gunel & Tanriverdi, 2014).

At the end of 3-day in-service training program, teachers redesigned a curriculum-
based unit to implement ABI teaching in their own classrooms. Through close
collaboration with researchers, teachers selected and redesigned a unit by generating
series of ABI activities, discussing about evaluation tools and obstacles to be faced
during the implementation. The above mentioned structure and content of the PD

program was summarized in Table 3.1.
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Table 3.1. The Content and Structure of the PD program

The Professional Development Program

Content Components

Description

Purpose

Scaffolding teacher
perceptions through
. Constructing an learning and teaching of
Pedagogical q ding of . b inf q
Discussions | U" erstanding of science to better inform an
learning and teaching guide the development of
the necessary pedagogical
practices
Immersing teachers in
Hands-on ABI activities within the
In- Inquir selected units so that Development of familiarity
service Exq erizla nce they can experience the | with hands-on activities
Training P process by themselves
Activities as learners
. Development of unit Successful implementation
Curriculum . A .
: plans and potential of ABI inquiry teaching in
Preparations L
pathways activity actual classrooms

On-site Professional
Support

On-going support in
teachers’ school settings
by the school visit of
researchers

Teacher engagement in
ABI teaching;
accommodation of their
instructional needs;
monitoring incentives

Assessment and
Measurement

Analysis of classroom
videos recorded by
teachers during ABI
implementations in their
own classroom
environments

Providing feedback on
teacher pedagogical
development after each
semester in the program

3.2.2 Participants

The participants in this study consisted of two science teachers. The teachers will be
called as Teacher A and Teacher B, later in the study. In this section, first, sample
selection procedure will be explained and then, the description of each teacher’s
background, experience in the PD program, implementation unit, and school and

classroom settings will be addressed separately for two teachers.
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In order to select participants of the study from those involved in PD program, the
researcher applied purposive sampling to attain teachers in their various
implementation levels of ABI teaching. Purposive sampling was suggested to be
applied when researchers select a sample using their judgment by considering
participant prior information (Fraenkel & Wallen, 2006). The criteria to select
teachers were their implementation level of ABI teaching. Each teacher was selected
by considering availability of their medium and high-level of classroom
implementation of ABI videotapes. Since there is a limited availability of the taped
data from low implementation level classroom videos of the teachers, only medium
and high-level classroom implementations were investigated in the study. This will

be reported in the limitations part of the study in detail.

The implementation level of ABI teaching of teachers (N=30), who participated in
the PD program, was analyzed by using modified Reformed Teaching Observation
Protocol (RTOP) (Martin & Hand, 2009) in each semester of the PD program. The
detailed description of the instrument is provided in ‘ranking mechanism for level of
implementation’ section of this chapter. The researcher of this study selected two
teachers, each of that having both medium and high implementation classroom

videos.

3.2.2.1 Teacher A

As a 30 year-old science teacher, Teacher A had 2 years teaching experience in a
public school. She has taught the science subjects for 6™ 7", and 8" grade students.
Her school is located in a small rural area in the central Anatolia region in Turkey.
The students in the school were in a medium socio-economic statue considering the
average class in Turkey. There were a total of 28 students in the classroom. The
medium and high-level classroom implementation videos of the teacher
corresponded to third and fourth implementation semester in the PD program. She
conducted implementations with the same group of students studying in 6™ grade in

69



both of the levels. The information regarding teacher classroom implementation is

shown in Table 3.2.

3.2.2.2 Teacher B

Teacher B has been a science teacher for 17 years in public schools. He is 40 years
old. He has taught the science subjects for 6™ 7™ and 8" grade students. His school
is located in the southeastern Anatolia region in Turkey. The students in the school
were in a low socio-economic statue considering the average class in Turkey. There
were a total of 35 students in the classroom. The medium and high-level classroom
implementation videos of the teacher corresponded to third and fourth
implementation semester in the PD program. The teacher’s medium and high-level
implementations were recorded for the same group of students studying in 8" grade.

The information regarding teacher classroom implementation is shown in Table 3.2.

As seen in Table 3.2, a total of four classroom videos in two teachers’ classrooms
included only whole-class discussion of the lesson. Since there is a limited
availability of taped data from small-group discussions, the researcher decided to
focus the analysis in whole-class discussions. This will be explained in the
limitations part of the study. Moreover, the length of the each teacher videos was

similar for the medium and high-level classroom practices.

The instrument was applied in the sample selection stage of the study. The scoring of
all the classroom videos in the PD program’s pool was published within the scope of
the final report of the project. All of the coders of the RTOP were experienced

researchers in the use of the instrument.
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Table 3.2. Information regarding the Classroom Implementations

Semester Duration of Number
inPD  [Implementation| Grade | Topic of Whole-Class of
Teacher | program Level Level | the Lesson | Discussion(min) |Students
Reproduction,
3 Medium 6th | Growth and 57 28
A Development
. Electricity in
4 High 6th our Lives 61 28
3 Medium | sth | Forceand 58 35
Motion
® ht and
. Light an
4 High 8th Sound 57 35

The RTOP is an instrument to measure the degree to which science classrooms
reflect the key features of science standards (Piburn & Sawada, 2000). The original
RTOP developed by Piburn and his colleagues (2000) was designed, piloted and
validated by the Evaluation Facilitation Group from the Arizona and lowa State
Universities. The instrument was then modified by Martin and Hand (2009). The
modified RTOP includes 13 items, which were categorized into four major
components; 5 items for student voice, 2 items for teachers’ role; 5 items for science
argument and 1 item for questioning. The instrument has a scoring on a scale of zero
to four points for each of 13 items. A zero point represents behaviors that did not
occur while four-point represents behaviors that were very descriptive of the
classroom. Higher modified RTOP scores were associated with teachers’ high-level
implementation of ABI teaching (Hand, & Norton-Meier, 2010; Martin & Hand,
2009). While the scoring range between 2 and 3 corresponds to medium-level
classroom implementation, the range between 3 and 4 corresponds to high-level

implementation of ABI teaching. The modified RTOP is provided in Appendix A.

Whereas RTOP was applied as a scoring rubric in order to determine the quality of

ABI implementation at various levels, as its name implies, it also serves as a
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protocol. Observation protocol works as a guideline by providing detailed
information on the observed behaviors. It serves as a guideline about the criteria to

define teacher quality of ABI implementation.

3.2.3 Criteria for Levels of ABI Implementation

In an attempt to modify the observation protocol (RTOP), Martin and Hand (2009)
constructed different criteria in order to define various implementation levels of ABI
teaching. In this study, the medium and high level implementation of ABI teaching
referred to degree to which the classroom implementation reflects the criteria that
suggested by Martin and Hand (2009).

The primary criterion in determining the implementation level of teachers is their
ability to promote dialogic interaction by increasing student voice in the classroom.
A researcher can determine the degree of teacher implementation quality by
observing teacher-student interaction as well as student-student interaction in
classroom conversations. Students should be engaged in negotiation of meaning with
their peers, and the teacher in small or large group discussions. Whereas this practice
occurs in the form of a monologue in traditional classrooms in which teachers are the
authority of the talk, the ABI learning environments require experiencing dialogue
instead of monologue where individuals scaffold their own knowledge through
talking and listening each other (Norton-Meier, Hand, Hockenberry, & Wise, 2008).

The second criterion to determine quality of teachers’ ABI implementation is the
teacher role as a ‘resource’ person instead of a controller of knowledge in the
classroom. In case of teacher control of classroom conversations rather than adoption
of the role as a ‘resource’, ‘guide’ or ‘discussion mediator’, the focus and direction
of the classroom discourse are dominated by the teachers. Such a learning
atmosphere threatens student participation in negotiation own ideas, which in turn
limits their construction of knowledge. In an ABI learning environment, students
should be free to decide investigative decisions and discuss about the process and

products on the own investigations (Martin & Hand, 2009).
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The third criterion to define teacher implementation levels is associated with teacher
ability to promote science argument among students. Students must be encouraged to
participate in though provoking activities. Teachers should actively engage students
in constructive criticism and challenging of own ideas. The questions that the teacher
asks in the classroom can initiate or limit science argument among students. The
types of teacher questions, “the kinds of responses the teacher used to respond to
student questions and/or responses to the teacher's questions” affect student
discussion of their claims and evidence (Omar, 2004, p. 66). Teacher ability to use
effective questioning has core importance to increase student voice and actively
engage them in science investigations and science argument (Martin & Hand, 2009).
Teacher questions must initiate divergent modes of thinking in students in ABI
classrooms (Piburn & Sawada, 2000). Effective teacher questioning is a crucial
factor effecting teacher quality of ABI implementation since it has potential to
initiate dialogical interaction and to encourage students to analyze and criticize
opinions and concepts, which in turn will help them construct meaningful science
learning (Omar, 2004).

3.3 Data Collection

Data were collected from classroom videos of two teachers participated in
longitudinal PD program. As a reminder, each teacher implemented ABI teaching
across six consecutive academic semesters of the PD program. They attended to 3-
day in-service training at the beginning of each semester and then, carried out ABI
implementations in their own classrooms. The classroom videos of the study were
taken from each teacher’s third and fourth implementation semesters in the PD
program. As described in the ‘participants’ part of the study, the reason behind the
selection of these semesters lied under the teacher implementation quality of ABI
teaching in these semesters. Each teacher experienced medium-level of argument-
based inquiry practices (MLABIP) in the third implementation semester and high-
level of argument-based inquiry practices (HLABIP) in the fourth implementation

semester of the PD program.
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As shown in Table 3.2, the duration of whole-class discussion was similar in
MLABIP and HLABIP of each teacher. The medium and high implementations were
conducted with the same group of students for each teacher. The classroom videos
served as the major data source of the study. All of the videos were transcribed by
the researcher and then, the data was collected through two instruments based on the
transcribed classroom videos. The transcripts were coded by using the instruments

that were detailed in the next section.

3.3.1 Instrumentation

As was mentioned before in the study, the modified Reformed Teaching Observation
Protocol (RTOP) was applied for the sample selection. Two major instruments were
used for the data collection of the study. These are taxonomy of questions types
(Graesser & Person, 1994) and coding sheet of cognitive categories (Grimberg &
Hand, 2009). The taxonomy of question types was used to code the teacher question
types. The scheme of cognitive categories was applied to code student responses in
order to determine the cognitive level of each. The transcripts of the classroom
videos were examined in detail in order to identify all questions asked by the
teachers and corresponding student answers. Teacher questions were coded based on
four categories which are management questions, close-ended questions, open-ended
questions and meta-cognitive questions. Corresponding student answers were coded
to determine the cognitive level of each question, which includes three levels ranging
from simple to more sophisticated ones. The detailed information regarding the

instruments is provided below.

3.3.1.1 The Taxonomy of Question Types

The taxonomy of question types (TQT) was developed by Graesser and Person
(1994) in order to identify the types of questions. It was constructed considering
theoretical and empirical research. The categories were developed based on the

information that question asks instead of considering kind of question stem (e.g.,
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why, how, where, when, etc.). The classification did not rely on the initial word of
the question. Moreover, all of categories are assumed to be independent from the
subject and context of the lesson (Yang, 2006). By examining the theoretical
foundations of the classifications, it was recorded by the researchers that the
classifications were influenced by four theories; question answering theory, speech-

act theory, communication based theory, and plan-based theory.

The researchers examined one thousands of questions considering their frequency
and qualitative characteristics to develop TQT. The questions were categorized by
degree of specification, content and question-generation mechanism to analyze their
quality. The taxonomy finally included 16 items in four major categories. The four
major categories are 1) close-ended questions, which require short answers and place
few demands on the answerer, 2) open-ended questions, which expect long answers,
3) assertion, which needs extra explanation from the answerer, and 4)
request/directive that requires action related to task in focus. The Cohen’s Kappa
reliability coefficients were recorded as to be 0.96 or more. The taxonomy was

considered to have potential in meeting all inquiries adequately by the researchers.

Lately, Hmelo-Silver (2003) revised the taxonomy of question types by observing
additional question types which are monitoring, need clarification and group
dynamics questions. Hmelo-Silver added three new categories and modified the
taxonomy under three major categories which are 1) close-ended questions, 2) open-
ended questions, and 3) meta-management questions. The researcher did not make
any change in close-ended and open-ended question types but combined assertion
and request/directive question categories in the original version by adding three
minor categories (monitoring, need clarification, and group dynamics) under the
meta-management question category. Close-ended questions invite specific
knowledge and brief answers, which are usually a word or phrase response, and place
few demands on students. Open-ended questions require students to involve in
extended answers as the answer usually requires interpretation, organizing and

comparison of information (Graesser & Person, 1994). Meta-management category
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requires students to build on the new ideas offered by others with the engagement in
agreement, disagreement, or modifying the ideas in the focus of discussion (Hmelo-
Silver, 2003).

Although Hmelo-Silver (2003) addressed management and meta-cognitive questions
into one major category (meta-management type); the researcher of the present study
separated the categories as management type and meta-cognitive type. This
separation was made by considering theoretical research and findings of this study.
There was not any change in close-ended and open-ended question categories;
however, meta-management category was modified by separating them into two
distinct categories, which are meta-cognitive questions and management questions.
Finally, the latest version of the taxonomy included 19 items as recommended by
Hmelo-Silver (2003). Whereas Hmelo-Silver suggested categorizing these 19 items
into three main categories; the researcher of the present study classified them under
four major categories, which are 1) close-ended questions, 2) open-ended questions,
3) management questions, and 4) meta-cognitive questions (See Table 3.3.). The

examples given to each question type was driven from the present study.

Management questions in the present study referred to monitoring and request for
physical action, while meta-cognitive category referred to group dynamics, self-
directed learning and clarification-seeking questions. Management questions are
those applied to maintain a discipline in the classroom, while meta-cognitive
questions in this study were assumed to involve students in higher order cognitive
skills. This assumption depended on theoretical research as well as findings of this

study by examining a total of 587 questions.

Higher order cognitive skills adopted in this study are induction, deduction,
investigation design, and argumentation as recommended by Grimberg and Hand
(2009) since these skills are more congruent with what science standards suggest.
Within the scope of this study, the group dynamics, self-directed learning and need
clarification questions under meta-cognitive category were found to invite answers

from higher-order cognitive skills most likely than all other categories. The findings
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of this study revealed that meta-cognitive questions have the most potential among
all to initiate student practice of high-level skills such as induction, deduction and
argumentation. However, questions requiring monitoring and request for action had

the least potential to invite practice of high-level skills among all other question
types.

Since the questions under these two categories served to different purposes, this
study separated meta-management question type into distinct groups. Although open-
ended questions were claimed to be higher-order questions by Graesser and Person
(1994), this study empirically revealed that it was meta-cognitive question type to
involve student practice of high-level skills. Graesser and Person based their claim
upon the taxonomy of educational objectives developed by Bloom and his colleagues
(1956). In the Bloom’s taxonomy, the high-level skills that students are required to
practice are analysis, synthesis, and evaluation; and open-ended question type was

argued to engage students in these practices.
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Table 3.3. The Taxonomy of Question Types

Question Type

Description

Example

Management Questions

1. Request/Directive

Request for action

Can you please look at the size
of the egg and sperm?

Can everyone sit please?
Ahmet, do you listen to me?

2. Monitoring

Help check on progress,
request for Planning

Is there anyone who can’t read
my writing?

Can you hear your friend
saying?

Close-ended Questions

3. Verification

For yes/no response to
factual
Questions

Does the egg have a tail?
Does the weight have a specific
direction?

4. Disjunctive

Questions that require a
simple decision between
two alternatives

Which one can be easily
immersed in a cup of water?
Small ball or big ball?
Which one is bigger? Egg or
sperm?

5. Concept Filling in the blank or the | When the density of it is smaller
Completion details of than water, it floats; but if the
the definition density is larger, it ......
6. Feature Determines qualitative Where does the reproduction

Specification

attributes of an
object or situation

occur?
Which part of the wire does not
transmit the electricity?

7. Quantification

Determines quantitative
attributes of
object or situation

How many legs do you think it
has?

Open-ended Questions

8. Definition Determining meaning of a | What does zygote mean?
concept What is the definition of
insulator?
9. Example Request for instance of a | Can you exemplify this

particular
concept or event type

situation?

10. Comparison

Identify similarities and
differences

between two or more
objects

What is the difference between
copper wire and nickel-chrome
wire that they gave a different
luminosity to the bulb?
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Table 3.3 (Continued)

Question Type

Description

Example

11. Interpretational

A description of what can
be inferred
from a pattern of data

So, how do humans create a
voice to be able to communicate
each other?

What can you conclude from
this situation?

12. Causal Asks for an explanation of | Why the vocal cords vibrate
Antecedent what state while talking?
or event causally led to Why do we need to cover the
the current wires with plastics?
state and why
13.Causal Asks for an explanation of | Why did you have difficulty
Consequence the when sinking the ball into

consequences for an event
of state

water?
Why did the density of lemon
increase when you peeled it?

14. Enablement

Asks for an explanation of
the object,

agent, or processes allow
some action

to be performed

What would you observe when
you put this object into the
water?

If When you throw this ball
from a higher altitude, what
would you observe?

15. Expectational

Asks about expectations
or

predictions (including
violation of
expectation)

What would happen if water or
liquids do not have lifting force?

16. Judgmental

Asks about value placed
on an idea,
advice, or plan

What do we need to consider
when generating a question?

Meta-Cognitive Question

S

17.Group
Dynamics

Leads to discussions of
consensus or

negotiation of how group
should

proceed

What do you say about your
friends’ assertion?

Umit, what do you think on this?
Do you agree with your friend?

18.Self-directed
learning

Relate to defining
learning issues,
who found what
information;

Can you ask a testable question
on this issue?

Can you write a question about
sound that you are curious
about?
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Table 3.3 (Continued)

Question Type Description Example

19. Need Clarification | The speaker does not Vocal cords is getting thinner.
understand Did you mean that?
something and needs What do you exactly mean by
further amplitude?
explanation or
confirmation of
previous statement

Sources: Graesser, A. C., & Person, N. (1994). Question asking during tutoring.
American Educational Research Journal, 31, 104-107.
Hmelo-Silver C. E. (2003, April). The constructivist teacher: Facilitating
problem-based learning. Paper presented at American Educational
Research Association Annual Meeting. Chicago, IL.

However, high-level skills determined by Bloom and his colleagues were criticized
in several aspects. Analysis, synthesis, and evaluation operations as high-level skills
have not been empirically tested to be the highest skills as claimed by Bloom’s and

his colleagues (Sugrue, 2002).

Additionally, it passed nearly 60 years from the development of this taxonomy, and
changes in reform movements have emphasized more complex skills than what is
emphasized in Bloom’s taxonomy. The current standards highlighted the requirement
of student practicing negotiation of meaning individually and with others through
involving students in argumentation (Norton-Meier, Hand, & Ardasheva, 2013).
However, high thinking skills determined as analysis, synthesis, and evaluation do

not explicitly require these complex skills.

Amer (2006) indicated that Bloom’s educational objectives do not involve learner-
centered paradigms into its structure. For instance, constructivism assumes that
students must discover, construct and negotiate knowledge on their own. This
requires individuals to make connections between two or more elements in various
domains (Amer, 2006). Furst (1994) provided several reflections on Bloom’s
taxonomy and reported that the cognitive processes are constructed on a single

dimension, from basic to complex skills. This one dimension aspect does not require
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individual’s to make relations in various domains. As Anderson and his colleagues
(2001) reported that the taxonomy requires a “mastery of a more complex category

required prior mastery of all less complex categories below it” (p. 309).

To sum up, the Bloom’s taxonomy underlying the theoretical foundations of TQT
was criticized not to include complex operations such as induction, deduction and
argumentation. Thus, it is not surprising to find in this study that open-ended
question type failed to involve students in these complex skills. This study revealed
that it was meta-cognitive question category requiring student experience of higher-

order cognitive skills.

3.3.1.2 The Coding Sheet of Cognitive Categories

The coding pathway was developed by Grimberg and Hand (2009) in order to
categorize cognitive operations with the text analysis. The researchers revealed 11
cognitive operations by examining documents of students those performing
laboratory activities by using the Science Writing Heuristic approach. These
operations are “observations, measurements, comparisons, analogies, clarifications
using questions or statements, claims, cause/effect relations, inductions, deductions,
experimental designs, and argumentations” (Grimberg & Hand, 2009, p. 509). The
researchers categorized these 11 operations into three major cognitive levels, ranging
from simple to more sophisticated ones, by considering the complexity level of the
operations (See Table 3.4). Examples given in Table 3.4 were driven from the data of

the present study.

Grimberg and Hand (2009) explained the rationale behind the categorization of 11
operations into 3 complexity levels as the followings. Observation, measurement and
comparison are noncomplex, one dimensional operations. The complexity increases
with analogy since it requires relation of two elements in two different domains: the
source and the target. Similarly, clarification, claim and cause/effect operations

require students to relate two conceptual domains.
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Table 3.4. Cognitive Categories and Definitions of Each

Cognitive
categories

Definition

Example

1. Observation

Data that result from
students’ observations

The bulb was not burned in the
insulator wire.

They made an experiment with
an aluminum folio.

2. Measurement

Reference to any
guantitative aspect of the

The volume of the object was
1.25 liters; the volume of

- 5 data overflowing liquid was 0.35
g E"' liters.
-3
a 3. Compare Reference to The volume of unpeeled lemon
common/different is greater than that of peeled
characteristics of two or lemon.
more When we put the egg in tap
pieces of data or objects water, it sank; but when the
egg was thrown into saline
water, it floated.

4. Analogy Mapping elements froma | While we are playing in the
source domain (well- park, if I put some sand on the
understood slides, it moves us faster. The
situation) into a target material inside the wire
domain (non-familiar causing a fast move can be
situation) something like this sand.

5. Clarifications | Questions or knowledge Then, how does the mouth of
that stimulate clarification | the shoes make this sound?
supporting other The toys are not alive objects

= operations but they can produce sounds.
c
= 2 6. Claim Unproved inference or Electricity is a slippery
% gf explanation substance itself.
= The magnitude of the resistor
S can’t be same in every
substance.
7. Cause / Identification of a cause The clay must include very
Effect and its effect few electrons because it did

not transmit the electricity
well.

Since the density of water is
greater than that of air, the
gravity will be less in water.

82




Table 3.4 (Continued)

Level 111
(Abstractions)

Cognitive Definition Example
categories
8.Induction / Reasoning that links few If a man, who cannot swim,

Generalization

examples to general
premises

goes into the water, he dies.
When he dies, he comes up to
the surface of the water; and it
floats. Then, we can say that
inanimate objects can float on
the water, but living beings
sank in case they cannot swim.

9. Deduction /
Logic

Reasoning that links
general premises to a
specific

The sound propagates in the
form of waves. For instance,
wherever we are, we can hear
the sound of a horn.

10. Planning new experiments | | can combine all of these

Investigation woods together, and then put a

design piece of iron on it. What
happens? The wood floats or
sinks?

11. Negotiation of meaning

Argumentation

with others.

Hakan said that the baby
cannot grow inside a cell. But
the egg of ostrich is a cell and
baby ostriches are grown
inside this egg cell. Then, how
could this happen?

You said that air particles..
How did you know that the
reason of floating of the lemon
is air particles? Can you prove
it to us?

Source: Grimberg, B. 1., & Hand, B. (2009). Cognitive Pathways: Analysis of

students' written texts for science understanding. International Journal of
Science Education, 31(4), 503-521.

Induction requires relating more than two domains as individuals are extracting few

instances (pre-inductive domains) to general premises (inductive domain). Similarly,

deduction establishes relationship between more than two domains as individuals

draw particular instances from general principles. Investigation design is a complex

operation since it provides individuals integrate questions, claims, and inferences.
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Lastly, argumentation involves more than two domains as integrating the operations

mentioned above, such as questions, claims, clarifications, inductions.

The number of domains in the operations or complexity of each allowed clustering
them into three levels: Level | (low level) or one-domain operations, Level Il
(medium-level) or two-domain operations, and Level Il (high-level) or multi-
domain operations. Low level operations are based on perceptions, while medium

and high-level operations are based on conceptions and abstractions, respectively.

3.4 Data Coding and Analysis

The transcripts of the four classroom videos were examined to identify each teacher
question and corresponding student response. The teacher questions were coded
using modified version of Graesser and Person’s (1994) taxonomy of question types.
Four major categories were coded. These are management questions, close-ended
questions, open-ended questions and meta-cognitive questions. As in the study of
Hmelo-Silver (2003), any question that did not fit in these categories was labelled as
none. Most of the teacher questions coded as none included questions such as “All
right? Okay?” Student responses were coded so as to determine whether they

corresponded to low, medium or high cognitive level operations.

Once all the coding was finalized by the researcher of this study, they were revised
by a second coder. The codes in the transcripts of each classroom video were
checked by one external researcher, with a total of four researchers for four
classroom videos. Then, the researchers came together to solve the emerging

disagreements.

The study used discourse analysis method in order to answer each research question.
Onwuegbuzie, Dickinson, Leech and Zoran (1993) defined discourse analysis as the
act of investigating individuals’ words or phrases in order to critically define the
processes that occur in social interactions. The research questions were analyzed

within each individual case. Then, cross-case comparison was applied to analyze
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similarities as well as differences among the cases regarding teacher use of
questioning. The section will detail the analysis procedures for individual case study

and cross-case study, respectively.

3.4.1 Individual Case Study Analysis

The data analysis for each teacher case is provided in order of research questions of

the study, which are:

1. What are the differences in teacher question types occurred in
medium and high-level ABI teaching practices?
2. What are the main characteristics of teacher questioning patterns in

medium and high-level ABI teaching practices?

3.4.1.1 Research Question 1

The first research question was answered by using qualitative and quantitative
approaches together. First, categorization was applied to code and analyze data. The
researcher determined the categories before the analysis began and counted the
frequency of each incidence in the category. Since the end product was the numbers
(e.g. frequency of certain words, symbols, pictures, etc.), it provided to interpret the
data through the use of frequencies and percentages and/or proportions of particular

incidences to total incidences.

Once all the coding was finalized, the frequency of questions for each question type
was tallied. Then, cumulative frequency scores were determined for each question
type in MLABIP and HLABIP. Although not part of the research question, a tally
was also made for the total frequency of questions asked in the medium and high-
level practices. The categorical data was presented in the form of a frequency table,
which showed the frequency of question type in each implementation level. The

relationship between two categorical variables, which are teacher question type and
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implementation level of ABI, was tested by using a Chi-square test for two
independent samples. In case of a relationship, a Chi-square test for two independent
samples was applied to describe the differences in teacher use of questions in
MLABIP and HLABIP.

Besides asking individual questions, since the teacher asked a series of questions,
which were not interrupted by student responses, the total number of questions
included in multiple question strings was also tallied. The discourse analysis was
applied to compare the frequencies and patterns of multiple string questions in
MLABIP and HLABIP.

The Chi-square as a nonparametric test does not concern normal distribution of data
or equality of variances. The assumptions of the test are the followings: 1) random
samples 2) independent observations 3) the frequency of the observed variables
(N>5) (Pallant, 2005).

All these measures were taken in this study except for the random sampling method.
McHugh (2013) argued that if the random sampling assumption is violated in non-
parametric tests, researchers should apply several replication studies with essentially
the same results obtained. As highlighted by the researcher, this study investigated
two cases in order to verify the results of the research questions. Moreover, the aim
of this qualitative study was not to generalize findings to all settings. Instead, the
results can be considered within each individual case setting. The random sampling
has significance for the generalizability of the results as required in all quantitative
studies; however, this study did not much concern to generalize the findings. Instead,
transferability is the main concern through the detailed information on data selection,

collection and analysis procedures.

3.4.1.2 Research Question 2

With the aim of characterizing teacher questions upon student responses, the second

research question was answered by using discourse analysis. In this question, the
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analysis results interpreted through the use of frequencies without conducting a Chi-
square analysis. The obtained frequency scores did not ensure the assumption of Chi-
square analysis which states that lowest frequency in any cell should be 5 or more
(Pallant, 2005).

After student responses were coded to determine the cognitive level of each, the tally
was made to identify the relationship between teacher use of question types and
student use of cognitive operations. For instance, it was determined that how many
high-level student responses were initiated by teacher close-ended questions. As
mentioned above, since the frequency score in each cell did not ensure the Chi-
square test assumption, the relationship was interpreted only by the comparison of
the frequency scores.

Within the scope of this question, teacher questioning was handled by examining
both teacher question types and patterns. The questioning pattern referred to
sequence of teacher question types. The differences in the teacher use of questioning
patterns between MLABIP and HLABIP were also interpreted through the discourse
analysis. At the end, the characteristics of questioning patterns initiating student
higher cognitive operations was determined and described considering the
relationship between questioning pattern and the frequency of student higher

cognitive responses.

3.4.2 Cross-Case Comparison

Cross-case comparison was conducted as the final form of the analysis in order to
interpret the convergences and divergences of the results obtained from two cases.
As suggested by Baskarada (2013), the analysis was conducted by pattern matching

through identification of any similarities and differences between the cases.

Miles and Huberman (1994) claimed that cross-case analysis may increase the
generalizability of the outcomes of the study, while it places less emphasis on the

idiosyncratic elements of each case. Observing the same case with an increased
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number of individuals may decrease the characteristic peculiar of an individual.
Through the use of cross-case analysis, teacher questioning characteristics in
MLABIP and HLABIP became more evident. Moreover, since the characteristics do
not peculiar to individual case, the replicated testing of these patterns supported the
validity of the results (Yin, 2003).

3.5 Trustworthiness of the Study

In a qualitative study, credibility, transferability and dependability are the key issues
to determine the trustworthiness of it (Marshall & Rossman, 2011). In order to ensure
the trustworthiness of a study, “careful checking of data codes, continuous scrutiny
of data for internal and external consistency, triangulation, and continuous
assessment of respondent credibility, are important steps to take as counter
measures” (Lincoln & Guba, 1985, p. 282). Triangulation through multiple data
source was applied in this study by the comparison of the results from two cases. The
use of multiple data source by cross-case comparisons leads to increase internal
validity of a study (Government Accountability Office, 1990). Similarly, Richardson
(2000) recommended considering “multiple views and overlaps of interpretations” at
the same time in the data analysis of a study (p.14). Multiple interpretations were
considered thorough analyzing two cases by cross comparisons.

The credibility of the study was aimed by regular discussions on the data analysis
with peer-researchers in the field of science education as suggested by Lincoln and
Guba (1985). The regular discussions were also conducted with the advisors of this
study in order to reach an agreement on the interpretations and explanations to

answer the research questions.

In terms of transferability, Merriam (1998) stated that the findings of a qualitative
study should be applied to other or broader areas. In an effort to achieve this aim, as
suggested by Lincoln and Guba (1985), the study provided rich contextual

information regarding the PD program, participants and classroom settings. In this
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way, the readers were provided opportunities with determination of the conditions in

which the study can be transferred to other areas.

In an effort to ensure the dependability of the study, the coding of the instruments
made by the researcher of this study was also checked by external researchers who
were experienced in using the instruments in their previous research. The
disagreements on the scoring were solved through conversations on the transcripts.
Additionally, the modified RTOP scoring was performed by three researchers

independently with a 90% inter-rater agreement.
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CHAPTERA4

RESULTS

This chapter will report the findings emerging from the analysis of two research

questions of the study, which are:

1. What are the differences in teacher question types occurred in
medium and high-level ABI teaching practices?
2. What are the main characteristics of teacher questioning patterns in
medium and high-level ABI teaching practices?

The entire transcripts were coded to determine the teacher question types and
cognitive level of student answers in medium and high-level of ABI classrooms. All
the questions asked by teachers and corresponding student answers were identified.
Four major categories of teacher questions were coded. These are management,
close-ended, open-ended and meta-cognitive questions. Teacher questioning patterns
emerged based on the sequence of teacher question types. Student answers were
coded so as to detect the level of student cognitive operations, which include three

levels ranging from simple to more sophisticated ones.

Within the scope of the first research question, teacher use of question types for
medium-level of argument-based inquiry practices (MLABIP) and high-level of
argument-based inquiry practices (HLABIP) will be presented. The differences of
teacher question types between MLABIP and HLABIP will then be addressed in
order detect the changes in teacher use of questions while teachers adopted high
quality level of ABI practices. For the second research question, teacher questioning
patterns will be characterized based on the sequence of question types for MLABIP

and HLABIP, separately. Cognitive levels of student answers given to each teacher
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question will be presented. Finally, the characteristics of teacher questioning pattern
to promote higher cognitive level student responses will be described for MLABIP
and HLABIP.

The findings driven from MLABIP and HLABIP will be addressed within individual
cases. A cross-case analysis will then be applied in order to interpret the similarities

and differences of the results emerged from individual cases.

4.1 Case Study of Teacher A

4.1.1 Comparison of Question Types between Medium and High-level ABI

Implementations

The frequency of questions for each question type was tallied. Then, cumulative
frequency scores were determined for each question type in MLABIP and HLABIP.
Although not part of the research question, a tally was also made for the total
frequency of questions asked in the medium and high-level practices. A chi-square
test was conducted throughout the analysis in order to examine whether the
frequency scores of question types asked in MLABIP and HLABIP statistically
significant from each other. The distribution of teacher question types by

implementation level is provided in Figure 4.1.

As seen in Figure 4.1, while the teacher asked a total of 201 questions in MLABIP,
she asked 183 questions in HLABIP. Although the total number of questions asked
in the medium-level is more than those asked in high-level, a Chi-square test for one
independent sample revealed that total frequency of questions does not significantly
differ between each other, X? (1, n = 384) = .844, p = .358.
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Teacher A
250

200

150

100

SZJ—--‘

Frequency of Question Types

Meta-
Management = Close-ended | Open-ended E.E.‘
. L . cognitive Total
Questions Questions Questions .
Questions
= MLABIP 29 95 37 40 201
B HLABIP 16 69 37 61 183

Figure 4.1 Distribution of Teacher Question Types by Implementation Level-Teacher
A

In order to make comparison of the question types across medium and high-level
implementations, it was determined that whether teacher use of question types
significantly differ across MLABIP and HLABIP. The Chi-square analysis with
three degrees of freedom revealed a significant relationship between teacher question
types and the implementation levels, p = .013. Teacher question types significantly

differed between medium and high implementation level of ABI teaching.

By examining the distribution of questions given in Figure 4.1, it is seen that while
the most frequently used question type was close-ended questions in both levels, the
least frequent one was the management questions. The frequency of meta-cognitive

questions was larger than open-ended questions both in the MLABIP and HLABIP.

The detailed frequencies and percentages of questions from each question type for
MLABIP and HLABIP are provided in Table 4.1. The results given in Table 4.1 are
presented within the following categories: management question comparisons, close-
ended question comparisons, open-ended question comparisons, and meta-cognitive

question comparisons.
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4.1.1.1 Management Question Comparisons

As seen in Figure 4.1, the teacher asked more management questions in MLABIP.
However, a Chi-square value of 3.76 with one degree of freedom indicated non-
significant difference in the frequencies of management questions those asked in
MLABIP and HLABIP, X? (1, N = 45) = 3.76, p = .053.

When looking at the percentages of sub-management questions individually,

‘request/directive’ questions are the most preferred type by the teacher in both levels
(See Table 4.1).

4.1.1.2 Close-ended Question Comparisons

The frequency of close-ended questions was greater in MLABIP. A Chi-square test
for one independent sample analysis indicated that the teacher asked significantly
higher number of close-ended questions in her medium-level practice, X* (1, N =
164) =4.12, p = .042.

By examining the percentages of sub-types of the close-ended questions, it appears
from the Table 4.1 that the teacher mostly applied ‘verification’ questions in both
levels with 38% of the total questions asked in the medium-level and 28% of those
asked in high-level. The decrease in the number of close-ended questions in the high-
level implementation emerged from the significant decrease in the number of
verification questions. While the teacher used just few disjunctive and concept
completion questions, she did not apply any quantification questions in both

implementation levels.
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Table 4.1. Frequency and Percentage of Questions from Each Type for Each

Implementation Level-Teacher A

Teacher A
Question Category MLABIP HLABIP
Frequency | Percentage | Frequency | Percentage

Management Questions 29 15 16 9
1. Request/Directive 19 10 14 8
2. Monitoring 10 5 2

Close-ended Questions 95 47 69 38
3. Verification 76 38 51 28
4. Disjunctive 3 3 2
5. Concept Completion 2 0 2 1
6. Feature Specification 12 6 13 7
7. Quantification - - - -
Open-ended Questions 37 18 37 20
8. Definition 2 1 3 2
9. Example - - - -
10. Comparison 4 2 3 2
11. Interpretational 14 7 15 8
12. Causal Antecedent - - 1
13. Causal Consequence 12 6 4
14. Enablement - - - -
15. Expectational 2
16. Judgmental 3 1 2 1
Meta-Cognitive 40 20 61 33
17. Group Dynamics 8 4 14 8
18. Self-directed learning - - 7

19. Need Clarification 32 16 40 22
TOTAL 201 100 183 100

4.1.1.3 Open-ended Question Comparisons

The frequency of open-ended questions did not differ between teacher medium and

high implementation. However, open-ended questions accounted for 18% of
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questions asked in MLABIP and 20% of those in HLABIP. While examining the
percentages of sub-types of open-ended questions, it is seen from the Table 4.1 that
most of the questions were in interpretational and causal consequence types in both
terms. The teacher did not apply other sub-categories in significant proportions. The
percentage of other sub-categories of open-ended questions was equal or smaller than
2%.

4.1.1.4 Meta-Cognitive Question Comparisons

The teacher asked significantly more meta-cognitive questions in her high-level
implementation, X? (1, N = 101) = 4.37, p = .037. While questions those required
self-directed learning were not applied in the medium-level, the number was 7 in the
high-level. It is significant to report that the largest difference in the sub-categories
appears within the ‘need clarification’ questions with a 6% of increase in the

HLABIP.

4.1.2 Comparison of Multiple Questions between Medium and High-level ABI

Implementations

Besides asking individual questions, the teacher asked a series of questions, which
were not interrupted by student responses, both in MLABIP and HLABIP. The total
number of questions included in multiple question strings was tallied. Then, to give a
more complete analysis, the multiple question strings were examined to determine

the distribution of question types included in the strings.

The number of multiple string questions asked in MLABIP is very close to HLABIP.
The teacher asked just one more multiple string questions in HLABIP (N=21). The
number of individual questions was greater than multiple question strings in both
MLABIP and HLABIP.

The length of the question strings was similar in both level implementations. The

combinations of the question types in the strings were also similar. A more detailed
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analysis into the combinations of question types revealed that multiple string
questions were usually asked with the aim of extending what the teacher meant in the
first question or narrowing the range of student answers. The teacher asked a
question, and she needed to ask another question in order to clarify the meaning in
the focus of question or narrow the options in student answers. See the examples

from actual conversation presented in Table 4.2.

Table 4.2. Example of the Teacher Use of Multiple Question Strings in HLABIP-
Teacher A

Actual Conversation

Question Comments

Speaker Utterance
Type
Student We need to cover the wires
with plastics.
Teacher asks an
Why do we need to cover the ogzgt—i%r;]d:g d
wires with plastics? What ques! .
. . continues with
Teacher happens if we do not cover it? | OO0 further open-ended
What is the role of plastics on " Ope
it questions in order
' to extend what she
meant.
Student It prevents electric shock. -

Teacher asks a
further open-ended
question to narrow
the range of student

Then, how do plastics prevent
electric shock? What is the

Teacher distinctive feature of plastic in | OO
preventing electric shock

. answer.
compared to copper wire?
Student It is insulator, not a conductor. | -
Which properties of materials Teacher asks a
result in better resistance? question then,
Think about a very long and specifies what she
Teacher very short wire; which one has | OCO meant in order to
the more resistance? What is narrow the range of
the difference between their student answers.

resistances?
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Table 4.2 (Continued)
Actual Conversation
i Comments
Speaker Utterance Question
Type
Student The flovx_/ of the electr_|C|ty will |
be slow in the long wire.
Okay then, why both of them Teacher extents
is the same material? What what she meant
Teacher would happen if we observe it | OO with a second
separately in a copper and iron open-ended
wires? guestion.
Copper is better conductor
Student than iron. So, we could obtain
misleading results.
What do we need to consider Teacher asks a
in the experimental process to close-ended
. . 5 o
Teacher achieve reliable r_esults. If you oc question in order to
repeat you experiment, would decrease the
you make any changes in your options in student
design? answer.
Student The_: wires must be identical in |
their length.

*<“C” refers to close-ended; “O” refers to open-ended question types.

4.1.3 Relationship between Teacher Questioning Patterns and Student Cognitive

Operations in Medium and High-level ABI Implementations

This section will analyze teacher questioning patterns in MLABIP and HLABIP and
then, examine the relationship between teacher questioning patterns and student

cognitive operation levels. At the end, the characteristics of questioning patterns

initiating student higher cognitive operations will be deeply examined.

Although not part of the research question, the distribution of cognitive level of
student answers by teacher question type was tallied (See Table 4.3). The distribution

scores indicated that teacher questions resulted in a few number of low level
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cognitive operations (Level 1) in students both in MLABIP and HLABIP. Medium-
level cognitive operations (Level 1) were mostly initiated by close-ended questions.
Additionally, high-level cognitive operations (Level 111) emerged by meta-cognitive

question type as the most in both implementation levels.

Table 4.3. The Distribution of the Cognitive Level of Student Answers for Each

Question Type and Each Implementation Level-Teacher A

MLABIP HLABIP

Teacher Cognitive level of the Student | Cognitive level of the Student
Question Type Answer Answer

Level | | Level Il | Level Il | Level | | Level Il | Level Il
Management 1 4 1 1 2 1
Close-Ended 3 37 5 6 14 7
Open-Ended 3 8 1 - 11 3
Meta- 2 3 7 2 7 16
Cognitive

As mentioned previously, the present study revised the taxonomy of question types
based on the analysis of the cognitive level of teacher question type and student
response. In the taxonomy of question types, high-level questions are determined as
to be open-ended type in which students are usually required to organize, compare
and interpret information (Graesser & Person, 1994). Within the scope of this study,
a total of 587 questions were examined in relation to student response levels and
found that open-ended question type was failed to involve students in practicing
complex skills such as induction, deduction, and argumentation (See Table 4.3). The
present study empirically revealed that it was meta-cognitive question type to involve
student practice of these complex skills. As seen in Table 4.3, while approximately
50% of high-level response was initiated by meta-cognitive questions in MLABIP,
the percentage of high-level response that initiated by meta-cognitive question type is
about 60 in HLABIP.
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The categories under meta-cognitive questions, which are group dynamics, self-
directed learning, and need clarification, were emerged in the study of Hmelo-Silver
(2003). Hmelo-Silver revised the original taxonomy of question types that developed
by Graesser and Person (1994) by frequently observing these additional question
types. While Hmelo-Silver (2003) grouped these additional three categories under a
meta-management question type, the researcher of the present study separated meta-
management category into two as meta-cognitive questions and management
questions, since the findings revealed that they served to different purposes in the
classrooms. While meta-cognitive type including group dynamics, self-directed
learning, and need clarification questions, had the most potential to initiate high-level
response, management question type least frequently occurred in high-level response.
Management questions served to manage or understand student directions while they
are engaging in assignments or experiments in the classrooms but its frequency was
too low in both medium and high-level classrooms. Below given Table 4.4 represents
examples of the different roles that meta-cognitive and management questions served

in student response.

Increasing the use of meta-cognitive questions in HLABIP involved in higher
cognitive student answers; however, simply asking meta-cognitive questions did not
direct students to practice higher cognitive operations. The teacher asked the
questions in a patterned order indicating a specific questioning sequence. At the
beginning of the whole-class discussion, she created a conceptual conflict with the
frequent use of close-ended and open-ended questions and then, addressed this

conflict with meta-cognitive questions to challenge student cognitive operations.
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Table 4.4. Examples of the Different Roles that Meta-Cognitive and Management

Questions Served in Student Response in HLABIP

Actual Conversation

Turn

Speaker

Utterance

Question Type

Comments

Teacher

Who will remind us the topic of
the last lesson?

Request/Directi
ve

Student

How to we prevent electric
shocks (The student is reading
the sentence from her notebook)

Observation

107

Teacher

Okay, can you write the
definition of it on the board?

Request/Directi
ve

108

Student

There is something called
ground line. Imagine that, they
will supply electricity to this
point. They need to cover it with
a thicker wire and put the wire
under the ground.

Clarification

119

Teacher

Could your friends hear you?
Could you hear what your friend
said?

Monitoring

120

Student

No.

None.

121

Teacher

Then, repeat it.

276

Teacher

If we want to observe it, how
could you design your
experiment?

Self-directed
learning

277

Student

| can use a short and long wire
to observe it. The short wire will
burn the bulb brighter.

Investigation
design

409

Teacher

Do the other group members
have a question for this group?

Group
Dynamics

410

Student 1

They made an experiment with a
copper and iron wire.. Turgut
measured the copper wine but it
didn’t reach to...Then, can we
say it couldn’t reach. I couldn’t
explain it.

Argumentation

411

Teacher

What did you mean?

Need
Clarification
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Table 4.4 (Continued)

Actual Conversation
Turn | Speaker | Utterance Question Type | Comments
I will explain it in another way.
If they would combine the
copper wire with nickel-chrome
wire, and then make their
observation. What happens to
the brightness of the bulb? It
increases or decreases?

412 Student 1 Argumentation

**None’ category refers to utterances that did not fit into any cognitive categories.
*Turn indicates the line order of the utterance in the transcript.

The students both in medium and high-level implementations practiced high-level
cognitive operation for the first time around the seventh minute of the whole-class
discussion. Up to this moment, while teacher asked mostly open-ended and close-
ended questions, she rarely applied to meta-cognitive type. When she asked meta-
cognitive questions at the beginning of the whole-class discussion, students were not
involved in higher cognitive operations. In this case, the teacher continued to
challenge student conceptual knowledge by asking more open-ended and close-ended
questions in multiple sequences. See the below examples of teacher-student

interaction occurred at the beginning of the whole-class discussion in Table 4.5.

Majority of the questions asked in MLABIP consisted of close-ended and open-
ended type. Teacher applied these types when the aim of her was to challenge student
conceptual knowledge rather than higher cognitive operations. First, she constructed
student conceptual knowledge then, addressed higher cognitive operations. Meta-
cognitive questions were categorically better than other types to initiate student
higher order cognitive operations; however, it did not necessarily mean that teacher
needs to ask more meta-cognitive questions than the other types. Simply increasing
the frequency of meta-cognitive questions did not lead students to produce higher
order cognitive responses. The teacher should effectively combine the questions in a

correct sequence.
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Table 4.5. Example of Teacher Interaction with Students at the Beginning of the

Whole-Class Discussion in MLABIP

Teacher Question Stude_n_t
Turn | Speaker | Utterance Cognitive
Type Operation
29 Teacher Do these look like each Close-ended
other? (Verification)
) Level Il
23 Student 1 | No, they don’t. (Claim)
In which features do they Open-ended
24 Teacher differ? (Comparison)
Teacher, this thing has a Level |
25 Student 2 head and body. (Observation)
. Close-ended
26 Teacher This has a head and body_. (Feature
What was the name of this? A
Specification)
97 Student 2 Sperm. The other has got an Level |
egg. (Compare)
But you called this as an Meta-cognitive
28 | Teacher | . didn’t you? (Need Clarification)
It is ovarian. Teacher, does Level 1l
29 Student 2 it have another name? (Clarifications)
Does everyone agree with
your friend? Why do they i .
differ? You said that one Meta cognitive
(Group Dynamics),
has a shape of round, other
. Open-ended (Causal
47 Teacher | looks like a snake.
. Antecedent),Open-
Although both of them is
o . ended (Causal
inside the human bodies, Antecedent)
what is the reason for this
difference?
48 Student One is male, the other is Level |
female. (Compare)
What is the reason that male
has got this shape and ggﬁgéezc;ﬁie()Causal
49 Teacher | female has got a different g ’
Open-ended
shape? What can be the (Interpretational)
function of this tail? P
. . Level 11
50 Student | The tail leads to moving. (Clarifications)
It leads to moving. How do | Open-ended
51 Teacher | you know that sperm is (Judgmental)
moving?
59 Student Teacher, | hgd made a None
research on it.
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Table 4.5 (Continued)

Turn

Speaker

Utterance

Teacher Question
Type

Student
Cognitive
Operation

98

Teacher

Avre they cells?

Close-ended
(Verification)

99

Student 1

Yes, they are cells.

Level Il (Claim)

106

Student 2

| think both of them are
cells.

Level Il (Claim)

107

Teacher

Does everyone agree that
these are cells?

Meta-cognitive
(Group Dynamics)

108

Student 1

I have changed my mind.
For instance, if itis a cell, a
baby cannot grow inside it.
If it is not a cell, a baby
grows. The egg must have
role to give a birth to a
baby.

Level HI
(Deduction)

113

Teacher

What can be the role of egg
in reproduction? Your
friend said that if it is a cell,
baby cannot grow inside it.
Does everyone agree with
her? Do you know how
baby is produced?

Open-ended
(Interpretational),M
eta-cognitive
(Group Dynamics),
Open-ended
(Interpretational)

114

Student 3

Hakan said that the baby
cannot grow inside a cell.
But the egg of ostrich is a
cell and baby ostriches are
grown inside this egg cell.
Then, how could this
happen?

Level 111
(Argumentation)

122

Student 4

Teacher, | agree with her. If
a baby can grow in an
ostrich cell, it grows easily
in a human cell.

Level 111
(Argumentation)

*Level I, Level II, and Level Il cognitive operations refer to low, medium, and high
cognitive operations respectively.
*Turn indicates the line order of the utterance in the transcript.

The teacher in her MLABIP and HLABIP followed the question sequence in a way

that first, she applied the close-ended and open-ended questions, and then used all
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types. At the end of the whole-class discussion majority of teacher questions were in

metacognitive type.

4.2 Case Study of Teacher B

4.2.1 Comparison of Question Types between Medium and High-level ABI

Implementations

The distribution of teacher question types by implementation level is provided in
Figure 4.2. As seen in the figure, the teacher asked more questions in his medium-
level implementation. However, a Chi-square analysis indicated that there is not any
significant difference between the total number of questions asked in MLABIP and
HLABIP, X* (1, N = 203) = 3.08, p = .079.

Teacher B

120
100

80
60
40

-

Frequency of Question Types

Meta-
Management | Close-ended | Open-ended E.?
. . . cognitive Total
Questions Questions Questions .
Questions
= MLABIP 3 74 21 16 114
H HLABIP 1 35 18 35 89

Figure 4.2 Distribution of Teacher Question Types by Implementation Level-Teacher
B

By analyzing the relationship between teacher question type and implementation
levels, a Chi-square test revealed that teacher question types significantly differ
between MLABIP and HLABIP, p =.000
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As seen in Figure 4.2, the teacher used close-ended questions as the most in
MLABIP. The most frequently used questions types were meta-cognitive and close-
ended questions in HLABIP. The least frequently asked questions were management
questions both in MLABIP and HLABIP. The number of management questions is
very few in both levels. This total number does not ensure the assumption of Chi-
square analysis which states that the lowest frequency in any cell should be 5 or more
(Pallant, 2005). Since the assumption violated, management questions were not

included in the further analysis of Chi-square test.

The detailed frequency and percentage scores of each question type for MLABIP and
HLABIP are given in Table 4.6. The scores in the table are interpreted within the
following categories: close-ended question comparisons, open-ended question
comparisons, and meta-cognitive question comparisons. As was mentioned before,
since management questions do not ensure the statistical comparison of Chi-square

test, it is extracted from the analysis.

4.2.1.1 Close-ended Question Comparisons

The frequency of close-ended questions decreased in the HLABIP. A Chi-square test
indicated a significant decrease in the frequency of close-ended question type, X? (1,
N = 109) = 13.95, p = .000. When examining the proportions of sub-types of
questions, the differences appear to emerge from the verification, feature
specification and concept completion questions. Teacher did not ask any quantitative
questions in both implementation levels. The frequency of disjunctive questions
showed increase in the HLABIP (See Table 4.6).
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Table 4.6. Frequency and Percentage of Questions from Each Type for Each

Implementation Level-Teacher B

Teacher B

MLABIP HLABIP
Question Category Frequency | Percentage | Frequency | Percentage
Management Questions 3 2 1 1
1. Request/Directive 2 2 0 0
2. Monitoring 1 0 1 1
Close-ended Questions 74 65 35 40
3. Verification 38 33 18 20
4. Disjunctive 6 5 10 12
5. Concept Completion 12 11
6. Feature Specification 18 16
7. Quantification - - - -
Open-ended Questions 21 19 18 20
8. Definition 2 2 1 1
9. Example - - 1 1
10. Comparison 5 5 - -
11. Interpretational 1 0 7 8
12. Causal Antecedent 1 0 4 5
13. Causal Consequence 4 4 3 3
14. Enablement 6 6 - -
15. Expectational 2 2 2 2
16. Judgmental - - - -
Meta-Cognitive Questions 16 14 35 39
17. Group Dynamics 2 2 12 14
18. Self-directed learning 0 5 5
19. Need Clarification 13 12 18 20
TOTAL 114 100 89 100
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4.2.1.2 Open-ended Question Comparisons

There is not any significant difference in the frequencies of open-ended questions
asked between the MLABIP and HLABIP. While the percentage accounts for 19% of
all questions asked in medium-level, it increased to 20% in the high one. When
looking at the percentages of sub-types of open-ended questions in detail, it is seen
that the Teacher B did not ask any judgmental questions in both implementation
levels. Similarly, the frequencies of definition, example and expectation questions

are in negligible values (See Table 4.6).

4.2.1.3 Meta-cognitive Question Comparisons

The teacher use of meta-cognitive questions increased in the HLABIP. By examining
the statistical difference of the frequencies, a Chi-square test indicated a significant
increase of the question type in the high implementation level, p = .008. The increase
in the question type appears to emerge from the increase in all sub-types which are
group dynamics, self-directed learning and need clarification.

4.2.2 Comparison of Multiple Questions between Medium and High-level ABI

Implementations

Teacher B used a series of questions strung together in a similar frequency in
MLABIP and HLABIP. However, the percentage of multiple question string is
around 8% of all questions both in MLABIP and HLABIP. The teacher mostly used
multiple string questions in order to extend what he meant in the initial question
and/or narrow the range of answers of students. See the below representative

examples of multiple question strings of Teacher B in Table 4.7.
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Table 4.7. Example of the Teacher Use of Multiple Question Strings in MLABIP-

Teacher B
Actual Conversation
Speaker | Utterance Question Comments
Type
The teacher asks a close-
ended question and
So then, which variable is greater continues with further
Teacher | in the lemon peels? Is the mass or ccC close-ended type. He
volume greater in lemon peels? repeats the initial
questions in an attempt to
clarify what he meant.
ftudent The mass -
gtudent The volume -
In order to be able to decide
whether an object can float or not,
which features do we need to know Teacher asks a question
regarding the object? Since you then, specifies what he
Teacher | mentioned about a lemon, call this | CC meant in order to narrow
object a lemon. In order to decide the range of student
on whether it floats or not, which answers.
features of the lemon should be
measured?
Teacher we find the mass and
Student | volume of it by observing its -
surface area.

*

“C” refers to close-ended question types.

4.2.3 Relationship between Teacher Questioning Patterns and Student Cognitive

Operations in Medium and High-level ABI Implementations

The frequencies of student operation levels are given for each question type and each

implementation level in Table 4.8. As shown in the table, while student medium-
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level cognitive responses were mostly encouraged by teacher close-ended questions,
high-level cognitive responses were usually resulted from meta-cognitive type in
both implementation levels. Teacher questions initiated a few student responses in

low cognitive level.

Table 4.8. The Distribution of the Cognitive Level of Student Answers for Each
Question Type and Each Implementation Level-Teacher B

MLABIP HLABIP
Teacher Cognitive level of the Student Cognitive level of the Student
Question Answer Answer
Type Level | Level Il Level 111 Level | Level Il Level 111
Management - 1 - - - -
Close-Ended 3 35 3 1 17 4
Open-Ended 2 10 1 9 3
Meta- 2 6 5 2 11 13
Cognitive

The data given in Table 4.8 provides additional evidence on why the present study
revised the taxonomy of questions types. As described previously, in the taxonomy
of question types, the high-level questions were determined as to be open-ended
type. However, as seen in above table, open-ended question types could not achieve
to initiate higher level responses as much as meta-cognitive questions. In both
MLABIP and HLABIP, most of the student high-level responses were initiated by

meta-cognitive questions.

The second revision in the taxonomy of question types was the separation of meta-
management question type as management and meta-cognitive question categories.
The reason to make this distinction was the different purposes that these two types
serve. Teacher B used only few management questions in his both implementation
levels such as “Which group wants to come first to present their works? Do you

listen to your friends” but all gave request for action to students. The meta-cognitive
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questions were mostly involved in initiating student practice of higher-level skills in

both implementation levels (See Table 4.8).

In HLABIP, at the beginning of the whole-class discussion, the teacher frequently
asked open-ended and close-ended questions in order to create conceptual conflict in
student understanding of the topic (See Table 4.9). He applied very few meta-
cognitive questions at this process. Students involved in short answers in reply to
open-ended and close-ended questions asked at the beginning of the lesson. The
following figure shows the examples of teacher questions and student short answers

taken place at the beginning of the lesson in HLABIP.

Table 4.9. Example of Teacher Interaction with Students at the Beginning of the
Whole-Class Discussion in HLABIP

Actual Conversation
Teacher Student
Turn | Speaker Utterance . Cognitive
Question Type Operation
How do people establish
1 Teacher a communication with 825‘;'2?:30”&')
each other? P
2 Student 1 Teacher, with voice I(_gl\;el:nl)l
They communicate
thanks to voice. Then,
3 Teacher how do humans create a | Open-ended
voice to be able to (Interpretational)
communicate each
other?
By vibrating the vocal Level 1l
4 Student 2 cords. (Clarifications)
By vibrating the vocal
cords. Well, why the Open-ended
5 Teacher . . (Causal
vocal cords vibrate while
- Antecedent)
talking?
6 Student 3 Sound waves. I(_((:al\glml)l
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Table 4.9 (Continued)

Actual Conversation

Turn | Speaker Turn Speaker Turn
Do the sound vibrations

7 Teacher cause sound waves or Close-ended
sound waves cause (Disjunctive)
vibrations?

8 Student 4 Vibrations cause sound Leve:I |
waves. (Claim)

9 Teacher Yes, Zehra. -
Teacher our talking Level Il

10 Student 3 results in vibration of the e
cords (Clarifications)

*Level I, Level 11, and Level 111 cognitive operations refer to low, medium, and high
cognitive operations respectively.
*“Turn’ indicates the line order of the utterance in the transcript.

As shown in Table 4.9, the teacher frequently used close-ended and open-ended
question types with the aim of challenging student conceptual knowledge. Student
responses usually included short answers requiring specific information. When the
teacher started to ask meta-cognitive questions around the fifth minute of the whole-
class discussion, students still gave content-based short answers to teacher questions.
In order to trigger student higher cognitive operations, the teacher supported his
meta-cognitive questions by asking open-ended and close-ended questions. At this
stage, the teacher mostly applied multiple string questions covering all question types
(See the examples provided in Table 4.10).
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Table 4.10. Example of Teacher Interaction with Students at

Discussion in HLABIP

the Whole-Class

Actual Conversation
Student
Turn | Speaker Utterance -(giaecsrt]i%rn Tvoe Cognitive
yp Operation
Well, how do the sound
waves travel through the Open-ended
75 Teacher air? You observed its (Interpretational),
moving in the water. Does | Close-ended
it have the same attitude in | (Verification)
the air?
76 Student 1 .It goes to all directions, it Level Il (Claim)
is scattered.
It goes to all directions. Its -
27 Teacher | Atitude s similar with that E\(/I;’g;ll;cogmtlve
of water. Does everyone D nanpﬂcs)
think like that? y
78 Student 2 | It moves to all directions. Level Il (Claim)
Well, for a sound wave
) . Open-ended
travell_lng, how does it (Interpretational)
79 Teacher move in the form of a '
N open-ended
wave? How might it be (Expectational)
occur through the matters? P
L Level 1l
80 Student 3 | By vibrating the molecules. (Clarifications)
Close-ended
81 Teacher It is still transported in ..... | (Concept
Completion)
82 Student 3 | Not in a linear direction. Level Il (Claim)
Can the sound travel in a Close-ended
linear direction? What did (Verification)
83 Teacher you mean by sta}tlng .'t 1S Meta-cognitive
not propagated in a linear (Need
LS,
direction Clarification)
The sound propagates in
the form of waves. For
instance, wherever we are, Level 11
84 Student 4 we can hear the sound of a (Deduction)
horn.
85 Teacher You meant we can hear it. -
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Table 4.10 (Continued)

Actual Conversation

Turn

Speaker

Utterance

Teacher
Question Type

Student
Cognitive
Operation

87

Teacher

Your friend asked that does
volume and velocity differ
in sound propagation. What
do you think on that?

Meta-cognitive
(Group
Dynamics)

88

Student 4

I think the strength of the
sound is different thing.

Level 11 (Claim)

89

Student 5

Teacher, | want to answer
to her question. When
someone talks in a lower
voice, his sound waves
reduce. Thus, it differs. The
increase in sound waves
has direct relationship with
the intensity of the sound.
It can increase or reduce.

Level 111
(Argumentation)

90

Teacher

What did you mean by the
intensity of the sound?
What is the definition of it?

Meta-cognitive
(Need
Clarification),
Open-ended
(Definition)

91

Student 5

I meant that it is frequency.

Level 1l
(Clarifications)

92

Teacher

Avre the frequency and
intensity same things?

Close-ended
(Verification)

105

Student 6

Teacher, frequency and
intensity of the sound are
very different things. The
intensity refers to volume
of the sound. If it is too
intensive, it is moved in the
form of waves. For
instance, when we listen to
music too loudly, our
eardrum can be ruptured.
We can understand what
intensity is from this
example.

Level 111
(Induction)

*Level I, Level II, and Level Il cognitive operations refer to low, medium, and high
cognitive operations respectively.

*“Turn’ indicates the line order of the utterance in the transcript.
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The teacher needed to apply open-ended and close-ended questions before asking
meta-cognitive ones. He waited for an opportunity to ask meta-cognitive questions.
For instance, in order to be able to support student construction of an argument, he
needed to create conceptual conflict by open-ended and close-ended questions and
then, addressed this conflict with meta-cognitive questions to challenge student
cognitive operations. When students did not involve in higher cognitive operations
across meta-cognitive questions, he added more questions covering all question types
(See Table 4.10). The meta-cognitive questions were frequently asked at the end of
the whole-class discussion by permitting student-student interaction. The final part of
the whole-class discussion required students to share their questions, claims and
evidence generated in small-group work. The teacher decreased his voice by asking
meta-cognitive questions in order to provide students clarify of own investigative
decisions as well as encourage of students to interpret each other’s investigation
processes and products. Below interaction pattern in Table 4.11 provides a
representative example regarding teacher decrease of his voice whereas student

involved negotiation of ideas with each other at the end of whole-class discussion.

At the end of the whole-class discussion, students were in great interaction with each
other as if the teacher was not in the classroom. Students felt free to express their
opinions and evaluate each other’s questions, claims and evidence. Although the
teacher did not involve much in the discussion, student practices of higher cognitive
operations were mostly visible in this discussion period. By examining the role of
teacher questions to increase student-student interaction in the whole-class
discussion, it appears that the teacher encouraged students to clarify own ideas and
evaluate each other’s opinions by asking questions such as “What did you mean by
asking this question, Do you have any questions to your friends, How can you
compare your findings with the other group’s? Did your findings align with those of

others?”
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Table 4.11. Example of Teacher Interaction with Students at the End of Whole-Class

Discussion in HLABIP

Turn

Actual Conversation

Speaker

Utterance

Teacher
Question

Type

Student
Cognitive
Operation

362

Teacher

Do you have any
questions to these group
members?

Meta-
cognitive
(Group
Dynamics)

363

Student 1

They mentioned about
living and nonliving
beings. Probably, you will
get different results when
you had observed living
beings.

Level 111
(Argumentation)

364

Student 2

Yes, | said living and non-
living organisms. If | had
used a living organism..
How could I hear it? |
used one of them, didn’t
I? What | want to test in
my question was non-
living organism. Could |
answer this question, yes!

Level 111
(Argumentation)

383

Student 3

Siya, in her group
presentation, said that
why you didn’t use a
copper wire. Do we have
to use a living-
organismic? | think, no.

Level I
(Clarifications)

387

Student 1

You meant by living
organism that for instance
why Yusuf has a deep
voice. His voice chords
are thicker than others so
he has such a deep voice.
How could you observe
this? In their experiment,
they likened the nonliving
organisms to bottles.
When you increased the
amount of water in the
bottle...

Level 111
(Argumentation)
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Table 4.11 (Continued)
Turn | Actual Conversation

Teacher Student
Speaker Utterance Question Cognitive
Type Operation

I will say something. Did
Zehra mean that
increasing the amount
water resembles to Meta-
increase the proportion of | cognitive

the intensity of the sound? | (Need

When the voice is getting | Clarification)
deeper in the bottle, it
becomes deeper.

389 Teacher

When we go to a doctor,
what does he say to us? Level 1l

He says that your vocal (Clarifications)
cords have become thin.

390 Student 4

Even though the teacher asked close-ended and open-ended questions at the end of

whole-class discussion, the student gave responses in high cognitive level operations.

Meta-cognitive question type was not always categorically better than other types to
initiate higher cognitive student responses. Close-ended and open-ended questions
were also effective for students to practice higher cognitive operations. However,
when teacher asked close-ended and open-ended questions in MLABIP, it did not
initiate high cognitive level student responses as much as those initiated in HLABIP.
Although the total number of close-ended and open-ended questions asked in
MLABIP is higher than HLABIP, student high cognitive level responses to those
types were fewer in MLABIP.

By examining the reason behind this situation, it appears that the teacher did not
apply meta-cognitive questions at the end of whole class discussion as much as those
in HLABIP. The frequent use of meta-cognitive questions at the end the whole-class

discussion in HLABIP may have provided opportunities to students feel free to
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negotiate each other’s ideas. In case of this, student high-level cognitive operations
sparked once and then, the teacher question type had little impact on student high

cognitive level.

4.3 Cross-case Analysis Results of Two Cases

This section will determine the similarities and differences of the findings of the two
cases by applying cross-case analysis. A cross-case analysis provides data
interpretation through analysis of the similarities and differences in and between
cases (Merriam, 1998). As a reminder, the needs of this study were best suited to a
multiple case study design. This design was preferred since it was matched with
many of the methods to collect and analyze data, and to present the findings of this
study. The cross-case analysis as part of the multiple case design aims to indicate
similar and different characteristics of the results from multiple cases. While “the
differences between the cases do lend interest to each individual case” (p. 159), the

similarities contribute to the focus of research questions (Harootunian, 2007).

4.3.1 Research Question 1

The cross-case analysis for research question 1 did not indicate any difference
between the cases. The shared similarities between the questions types of Teacher A
and Teacher B across medium and high implementation level is provided below.

The teachers mostly used close-ended question type in high-level practices; however,
there were very few percentage differences between close-ended and meta-cognitive
question types. These two question types did not significantly differ in their
frequency. Teachers needed to apply similar proportions of close-ended and meta-
cognitive questions in their high quality classrooms. When taking the average of the
percentage of question types used by two participants, it was evident that in the high

quality classrooms, teachers applied 39% close-ended questions, 36% meta-cognitive

117



questions and 20% open-ended questions. The percentage of management question

type was too low when compared to other types.

Comparing the medium and high-level ABI classrooms, it was evident that teachers’
close-ended questions significantly decreased while meta-cognitive questions
significantly increased in the high quality the classrooms. There was not any
significant change in the number of open-ended and management questions. The
main difference in teacher use of question types between medium and high quality
implementations was observed in decreased percentage of close-ended questions and

increase percentage in meta-cognitive question type.

Although not part of the research question, the total number of questions asked in the
medium and high-level practices were tallied. The results of the analysis revealed
that the teachers in MLABIP asked more questions than in HLABIP; however, this

difference in the frequencies of questions does not show statistical significance.

4.3.2 Research Question 2

In high-level practices, teachers frequently used open-ended and close-ended
questions at the beginning of the lesson in order to create conceptual conflict in
student understanding of the topic. They used very few meta-cognitive question
types at this class period. Students provided short answers in reply to open-ended and
close-ended questions asked at the beginning of the lesson. The teachers needed to
use open-ended and close-ended questions before asking meta-cognitive ones. They
waited for an opportunity to ask meta-cognitive questions. In order to be able to
support student construction of an argument, they needed to create conceptual
conflict by open-ended and close-ended questions and then, addressed this conflict
with meta-cognitive questions to challenge student high-level practices. When
students did not involve in higher cognitive practices across meta-cognitive
questions, they added more questions covering all question types. The meta-
cognitive questions were frequently asked at the end of the whole-class discussion by

permitting student-student interaction. The final part of the whole-class discussion
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required students to share their questions, claims and evidence generated in small-
group work. The teacher decreased his voice by asking meta-cognitive questions in
order to provide students clarify of own investigative decisions as well as encourage

of students to interpret each other’s investigation processes and products.

Teachers in their medium-Ilevel practices followed the similar question sequence with
the high-level implementations in a way that first, they applied to close-ended and
open-ended questions, and then used all types together. At the end of the whole-class
discussion majority of teacher questions were in metacognitive type. While these
three question types followed a specific sequence in teacher questioning,
management questions were asked randomly by the teachers. There was not any

specific order of management questions.

In both medium and high-level classrooms, meta-cognitive questions have the most
potential among all to initiate student practice of high-level skills such as induction,
deduction and argumentation. This is the reason why the present study underwent a
revision in the taxonomy of question types that developed by Graesser and Person
(1994). The original taxonomy identified higher-level questions as to be open-ended
type in which students are usually required to organize, compare and interpret
information (Graesser & Person, 1994). Within the scope of the present study, a total
of 587 questions were examined in relation to student response levels and was found
that open-ended question type was failed to involve students in practicing complex
skills such as induction, deduction, and argumentation. The present study empirically
revealed that it was meta-cognitive question type to involve student practice of these
complex skills. While approximately 50% high-level response in medium-level
classrooms of both teachers was promoted by meta-cognitive questions, this

percentage was nearly 63% in high quality classrooms.

Additional revision was made by separating meta-management question type into
two distinct categories, which are meta-cognitive questions and management
questions. The reason behind this distinction lied behind different purposes that these

two question types serve. While meta-cognitive type including group dynamics, self-
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directed learning, and need clarification questions, had the most potential to initiate
high-level response and to increase student-student interaction, management question
type least frequently occurred in high-level response. Management questions served
to manage or understand student physical directions while students are engaging in

assignments or experiments in the classrooms.

Lastly, the present study revealed that meta-cognitive question type was not always
categorically better than other types to initiate higher cognitive student responses.
That is, it was not always evident that all the meta-cognitive questions initiated high-
level response. Especially, at the beginning of the whole-class discussions, even
though the teachers asked meta-cognitive questions, they received responses in lower
cognitive levels. In case they structured the discussion on a particular sequence, the
meta-cognitive questions started to engage students in higher-level responses. As
mentioned previously, this particular sequence mostly required asking of first open-
ended and close-ended type, then using meta-cognitive questions. Moreover, close-
ended and open-ended questions were also effective for students to practice of higher
cognitive operations. Especially, at the end of whole-class discussion, when the
teachers asked close-ended or open-ended question type, they received a response in
high cognitive levels. Student high-level cognitive operations sparked once and then,
the teacher question type had little impact on student high cognitive level. However,
teacher close-ended and open-ended questions asked in MLABIP did not initiate high
cognitive level student responses as much as those initiated in HLABIP. The total
number of close-ended and open-ended questions asked in MLABIP is higher than
HLABIP, but student high cognitive level responses to those types were fewer in
MLABIP.

120



CHAPTERS

DISCUSSION

This chapter will discuss the findings of this study in the light of related research in
education literature. First, the characteristics of teacher question types used in high
quality classrooms will be discussed and then, teacher questions asked in high quality
classrooms will be distinguished from those posed in medium quality classroom
practices. By discussing teacher questioning in high and medium quality practices,
readers may make sense of distinguishing characteristics in the improvement of
questioning strategies. Secondly, the sequence of question types promoting higher
level student responses will be discussed in high quality classrooms by comparing it
with those used in medium quality practices. Then, the chapter will address

limitations and implications of the study, respectively.

5.1.1 Discussion of the Findings

Prior to discuss the findings of the study, it is significant to remember what was
revealed in the cross-case comparison. The findings of the cross-case comparison did
not reveal any difference between the cases (teachers). Thus, the discussion of the

findings will focus on the convergent results driven from the cases.

The present study attempted to delineate the characteristics of teacher pedagogic
development in ABI teaching through questioning. The characteristics of teachers’
different implementation levels of ABI teaching (middle and high) were described
based on questioning since research in this area suggest a strong relationship between
teacher implementation levels and questioning behaviors in science classrooms.

Teachers’ use of specific questioning strategies is a significant factor affecting their
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pedagogic development in science classrooms (Benus, Yarker, & Hand, 2010; Martin
& Hand, 2009; McNeill & Pimentel, 2010; Oliveira, 2010; Pimentel, Katherine, &
McNeill, 2013). This significance arises from the role of questioning in such as
increasing student talk (Gunel, Kingir, & Geban, 2007; Martin & Hand, 2009),
starting and guiding the classroom negotiation (Gunel, Kingir, & Geban, 2007
Kawalkar & Vijapurkar, 2013), implementation of scientific argument (Martin &
Hand, 2009); improving reasoning and justification for explanations (Benus, Yarker,
& Hand, 2010), all which are key features of ABI classrooms (Piburn et all., 2000).
Whereas in high quality ABI classrooms, teacher questioning closely serves to above
mentioned purposes, questions those asked in medium-level implementations, serve
to more traditional transmission of knowledge compared to high-level
implementations. Thus, it attaches significance to look insight into the teacher
questioning in high-level ABI implementations in order to characterize high quality
questioning.

This study characterized teacher questioning in high quality classroom
implementations by comparing it with that used in medium-level classroom
practices. The reason to make the comparison of teacher questioning between
medium and high quality classrooms lied behind not only delineating the features of
high quality questioning but also providing insight into the differences occurred
when teachers attempted to improve their questioning. In education literature, there
are various considerations to assess or improve teacher quality of questioning. One of
these considerations and the most favorable one is examining teacher question types
based on the type of cognitive process it requires (Gall, 1970). In these studies,
although effective question type is determined as to be open-ended or high-level
questions, it is mostly found that teachers pose predominantly cognitive-memory or
factual-recall questions (Cunningham, 1977; Dantonio & Beisenherz, 2001; Gall,
1970; Graesser & Person, 1994; Greenough, 1976; Hamm & Perry, 2002; Newton &
Newton, 2000; Yip, 2004).
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In an attempt to improve teacher questioning skills, several research implemented
teacher training programs and found that teachers asked more higher-level questions
than lower-level ones after the treatment (e.g., Erdogan & Campbell, 2008; Martin &
Hand, 2009). Several research (e.g., Goodwin et al., 1983; Konya, 1972), on the
other hand, observed that it may not be necessarily required to use higher level
questions more frequently than lower level types, but teachers should use question
types in particular proportions (e.g., 50% close-ended and 50% open-ended type).
High-level questions are widely accepted to be categorically better to promote high-
level student thinking but it is controversial in the literature whether teachers need to

use more higher-order questions in a classroom.

By examining the characteristics of the questioning in high quality ABI classrooms,
this study observed that the teachers mostly used close-ended type (lower-order
questions); however, meta-cognitive type (higher-order questions) was nearly as
dominant as close-ended questions. The frequency of close-ended questions was
higher than meta-cognitive type but this difference did not indicate statistical
significance. In other words, the teachers applied similar frequencies of close-ended
and meta-cognitive questions in their high quality classrooms. When taking the
average of the percentage of question types used by two participants of the study, it
was evident that the teachers applied 39% close-ended questions and 36% meta-
cognitive questions. While the percentage of open-ended question type (20%) was
significantly lower than the close-ended and meta-cognitive questions, the
management questions were the least frequently used question type. The teachers did
not use management questions in considerable percentages when compared to types

in high quality classrooms.

These findings concur with those stating that it does not necessarily require using
higher level guestions more frequently than lower level ones to initiate high-level
student thinking (e.g., Goodwin et al., 1983; Konya, 1972). Similar to the present
study’s findings, by examining teacher quality of questioning based on student

responses, Konya (1972) revealed that in the classrooms where students were
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exposed to similar proportions of higher-level and lower level question types were
the most effective in initiating student high-level response. However, most of the
research in education literature (e.g., Erdogan & Campbell, 2008; Katherine,
McNeill, & Pimentel, 2009; Oliveira, 2009) found that teachers in high quality
classrooms posed much more high-level questions than low-level ones. Since the
findings of the present study do not concur with what most of the research in this
area found, further attempt was made in order to provide insight into the reason

behind teacher use of similar proportions of low-level and high-level question types.

In this attempt, the researcher of the present study examined when and with which
purposes that teachers used different question types. As Gall (1984) asserted that
“Teachers’ questions that require students to think independently and those that
require recall of information are both useful but serve different purposes. The
challenge for teachers is to use each type to its best advantage” (p. 41). Gall
suggested that high-level question types categorically better than others to initiate
thinking skills but it does not necessarily mean that other question types are useless.
The qualitative analysis into teachers’ timing and purposes to use various question
types revealed much more than what Gall suggested. The present study observed that
lower-level questions created a ground to ask for high-level questions. The
participating teachers in their high-level practices used close-ended and open-ended
question types in order to be able to ask meta-cognitive questions. The teachers
needed to use open-ended and close-ended questions before asking meta-cognitive
ones; they waited for an opportunity to ask meta-cognitive types. For instance, in the
high quality classrooms of both Teacher A and Teacher B, the teachers used
frequently meta-cognitive questions for the first time around 7" minute of the whole-
class discussion. Up to this minute, they mostly asked questions in open-ended and
close-ended types. In order to be able to support student practice of high cognitive
skills, teachers needed to create conceptual conflict by open-ended and close-ended
questions and then, addressed this conflict with meta-cognitive questions to
challenge student high-level practices. The sequence of teacher question types is

detailed below in the section. At this point, it is important to emphasize that the
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teachers’ frequent use of close-ended questions might arise from the need to create a
ground to be able to ask for meta-cognitive questions. As Gall suggested, close-
ended or other question types should be used in order to meet their best advantages
and this study observed that close-ended or factual questions served as a ‘pawn’ to be

able to challenge student higher-level cognitive practices.

Factual questions in this study refer to close-ended type which requires verification,
disjunctive, concept completion, feature specification and quantification in response.
Overall, it expects students to give specific information in answer (Graesser &
Person, 1994). The definition of factual questions in this study concurs with all other
research definitions. However, meta-cognitive question type has distinctive
description compared to those of other studies. While there has been a consensus on
the definition of high-level questions as which require student practice of high-level
skills, the definition of these skills have varied in the education literature throughout
time. This study adopted the types of high-level cognitive skills emerged in the study
of Grimberg and Hand (2009) in a classroom facilitating with ABI approach. The
high-level thinking skills emerged in this study, which are induction, deduction,
investigation design, and argumentation, are congruent practices with what science
reform movements suggest (Grimberg & Hand, 2009). In the specification of high-
level cognitive skills, several researchers (e.g., Amer, 2006; Furst, 1994; Sugrue,
2002) call for the requirement of complex skills concurring with reform movements
by reviewing the accessible taxonomies of cognitive operations. This is one of the
reasons why this research underwent a revision of taxonomy of question types

developed by Graesser and Person (1994).

In the taxonomy of question types, high-level questions are determined as to be
open-ended type in which students are usually required to organize, compare and
interpret information (Graesser & Person, 1994). Within the scope of this study, a
total of 587 questions were examined in relation to student response levels and found
that open-ended question type was failed to involve students in practicing complex

skills such as induction, deduction, and argumentation. This study empirically
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revealed that it was meta-cognitive question type to involve student practice of these
complex skills. The categories under meta-cognitive questions, which are group
dynamics, self-directed learning, and need clarification, were emerged in the study of
Hmelo-Silver (2003). The researcher revised the original taxonomy of question types
that developed by Graesser and Person (1994) by frequently observing these
additional question types. While Hmelo-Silver (2003) grouped these additional three
categories under a meta-management question type, the researcher of this study
separated meta-management category into two as meta-cognitive questions and
management questions, since the findings revealed that they served to different
purposes in the classrooms. While meta-cognitive type including group dynamics,
self-directed learning, and need clarification questions, had the most potential to
initiate high-level response, management question type least frequently occurred in
high-level response. Management questions served to manage or understand student
directions while they are engaging in assignments or experiments in the classrooms

but its frequency was too low in both medium and high-level classrooms.

High-level student response was mostly initiated by meta-cognitive questions. While
approximately 50% high-level response in medium-level classrooms of both teachers
was promoted by meta-cognitive questions, this percentage was nearly 63% in high
quality classrooms. This difference can be explained with increase number of meta-
cognitive questions in high-level classrooms. Additionally, students in medium-level
practices for both cases mostly involved in medium-level cognitive operations
(conception level) in answer. The dominant cognitive skills in high-level practice, on
the other hand, were showed difference between two cases. While in the high-level
class of Teacher A, students mostly practiced high-level cognitive skills (abstraction
level), students in the high-level class of Teacher B were mostly engaged in medium-
level cognitive skills (conception) in the answer. The frequency of meta-cognitive
questions is higher in the class of Teacher A than Teacher B’s. The reason behind the
dominance of medium-level cognitive skills in the class of Teacher B can be

explained with the relatively low frequency of meta-cognitive questions when
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compared to the class of Teacher A. However, in both classrooms, there was not

huge difference between medium-level and high-level cognitive skills in the answer.

This study examined question type of teachers by comparing their medium and high
quality ABI classroom practices. Different quality implementations were achieved
throughout a longitudinal (3-year) PD program. While medium quality corresponded
to 3" implementation semester (18™ month) of ABI, high quality occurred in 4"
implementation semester (24™ month) in the 6-semester PD program. The focus on
these semesters has significance in terms of achieving permanent shift in teacher
pedagogic practices. Gunel and Tanriverdi (2012) reported that the changes in
teacher pedagogic practices remain permanent after the 18 months of a longitudinal
training period. Teachers need to be trained at least 18 months in order to observe
significant shifts in their pedagogic practices (Martin & Hand, 2009; Tanriverdi &
Gunel, 2012). In this regard, the findings of this research attach distinctive
significance when compared to those others revealed at short-term PD programs. It is
significant to note that research on improving teacher pedagogic practices was
widely conducted in short-term PD programs (Darling-Hammond, 2005; Darling-
Hammond & McLaughlin, 1995; Lieberman, 1995; Shibley, 2006; Xu, 2002).

Comparing the medium and high-level ABI classrooms, it was evident that teacher
close-ended questions significantly decreased while meta-cognitive questions
significantly increased in the high quality the classrooms. There was not any
significant change in the number of open-ended and management questions. The
main difference in teacher use of question types between medium and high quality
implementations was observed in decreased percentage of close-ended questions and
increase percentage in meta-cognitive question type. The decrease in close-ended
question type after teacher underwent training was evident in many studies (e.g.,
Bolen 2009; Erdogan & Campbell, 2008; Martin & Hand, 2009; Storey, 2004). There
is not any accessible study observing increase in close-ended questions after teacher
training in questioning skills. Similarly, it was found in all of these studies that

teacher use of high-level questions increased after the training. However, as
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mentioned previously, these studies addressed high-level question as to be in open-
ended type which require extended answers rather than involving in one specific
answer. Within the scope of the current study, high-level question referred to a new
category, which is meta-cognitive type. The requirement of a new question type was
emphasized by Gall (1970) stating that many of the question classification systems
were constructed based on investigation of teacher question types which actually
observed in a classroom rather than considering the types of questions which teacher
should use. The researcher made this assertion in order to give insight into the
inefficiency of classification systems to assess actual high-level teacher questions.
Moreover, he argued teacher insufficiency to apply higher cognitive questions in a
way that even though teachers apply these questions, the current taxonomies may not
be able to assess these levels. Although this assertion was given in 1970s, most of the
question classification taxonomies based on cognitive foundations revealed by
Bloom and his colleagues at 1960s. By defining an additional category of meta-
cognitive type as suggested by Hmelo-Silver (2003), this study may have significant

contribution in research literature examining effective teacher question type.

Although examining teacher question types tell much about teacher questioning
behavior to initiate cognitive processes that students engage in (Chin, 2007; Gall,
1970; Pate & Bremer, 1967), they should not be investigated as isolated from each
other (Gall, 1970; Taba, 1966). In this manner, this study examined sequences of
teacher question types in medium and high-level practices to promote high-level
student responses. This sequence required to examine the order of questions types as
suggested by Taba (1966). The findings revealed that in both medium and high-level
practices, the teachers needed to apply open-ended and close-ended questions before
asking meta-cognitive ones. They created a conceptual conflict by open-ended and
close-ended questions and then, addressed this conflict with meta-cognitive questions
to challenge student high-level cognitive operations. When students did not involve
in higher cognitive operations across meta-cognitive questions, the teachers added
more questions covering all question types. The meta-cognitive questions were

frequently asked at the end of the whole-class discussion by permitting student-
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student interaction. Similarly, by analyzing studies on classroom questioning Gall
(1970) cautioned that some educators believed on the need to direct classroom
discussion first by asking recall questions and then to manipulate ideas with higher
cognitive question. The recall questions will serve to test knowledge of facts while
higher-level questions challenge student thought on this knowledge. In an attempt to
describe questioning strategies that initiate students to reflect on curriculum materials
at abstract levels of thought, Taba (1966) suggested to apply this sequence to
promote high-level thinking in students. Although the need for examining the
sequence of question types was emphasized by the research review of Gall (1970) a
few decades ago, studies did not give attention to this issue. The researcher of this
study could not access any study focusing on the sequence of teacher question types.
This is particularly supported with a research review in a recent time conducted by
Cotton (2001) in a way that he did not report any study concerning the question
sequence in an attempt to analyze characteristics of research on classroom

questioning.

Even though not part of the research questions, this study also attempted to compare
the total number questions asked in medium and high-level practices since it is
controversial whether there is a relationship between total number of questions asked
by teachers and quality of classroom practice. While several researchers found that
teachers asked fewer questions in high quality classrooms compared to low level
practices (e.g., Martin & Hand, 2009; Tobin, 1987), others observed an increase in
this number (e.g., Erdogan & Campbell, 2008; Oliveira, 2010). While opponents of
the need for decrease explained it with the changing focus of high quality classroom
from teacher-oriented to more open discursive practices (Martin & Hand, 2009), and
with increase amount of student talk (Martin & Hand, 2009; Tobin, 1987), Erdogan
and Campbell (2008) related the increase number with an active role of teacher in
constructivist learning environments. In this manner, Gadamer (1993) argued that
number of questions asked by teachers do not much matter since a question focusing
on a particular thinking can be more effective than a hundred questions requiring

only the recall of facts. Additionally, Schreiber (1967) cautioned that the number of
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questions asked during a classroom varies teacher to teacher. Although above
mentioned studies did not control teacher factors as suggested by Schreiber, they
revealed particular relationships. This study observed the same teacher in different
time periods, thus controlled the teacher factor. In this context, this study found a
decrease in the total number of questions asked by teachers when they improved
classroom practices from medium to high-level but this difference did not show

statistical significance.

Additionally, this study observed that besides asking individual questions, the
teachers posed a series of questions, which were not interrupted by student
responses, both in medium and high-level practices. These questions were referred as
multiple question strings by Fink (1987). The frequency and length of multiple
strings were not differed in the teachers’ medium and high-level practices. Moreover,
the number of individual questions was much greater than multiple question strings
in both medium and high practices. Multiple question strings are associated with
teacher use of short wait time (Fink, 1987). Researchers argue for the need to provide
some wait time between any two questions, otherwise teacher will involve in asking
multiple string questions. White and Lightbrown (1984) observed that multiple
questions resulted in repetitive questions that rephrase the initial one and teacher’s
use of wait time decreased the frequency of repetitions. Although there are several
critiques on using multiple questions since they involve in repetition of questions,
this study observed that multiple string questions were mostly used in order to
narrow the range of student answers. The teacher asked a question, and she needed to
ask another question in order to clarify the meaning in the focus of question or

narrow the options in student responses.

5.1.2 Limitations

As similar to any other case studies, findings are limited by the context and
individual characteristics of the classrooms. Examining a different set of participants

might have shown different findings. As indicated before, the sample selection was
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convenient and purposeful processes with the intent of achieving teachers those
facilitated different implementation qualities of ABI teaching within the context of
the professional development program. This study achieved teachers having medium
and high quality practices; however, low level practices could not be attained due to
the unavailability of the video recordings. There was a limited availability of the
taped data from the teachers’ low level classroom practices. Additionally, the study
investigated data from whole-class discussion since the video recordings from small-
group discussions had limited recordings. The quality of these videotapes was too
low to catch most of the views in the classrooms. The technical problems such as
unclear audio, frozen image, or image without audio in small group discussions
limited the data. The lack of data from small-group discussions limits observations in

terms of other questioning behaviors.

5.1.3 Implications of the Study

As the reform movements suggest ABI practices in science classrooms, it may be
significance to take a closer look into these classrooms. As Patton (1987) suggested
that it is important to describe teaching mechanisms of teachers as they implement
effective classroom practices. In this regard, the present study provides cases rich in
information to teachers and researchers on the characteristics of questioning
associated with high quality ABI learning environments. In education literature,
although effective teacher question types were mostly determined as those initiating
high cognitive level practices in response, it is controversial what proportions of
question types should be used for high quality questioning. The present study
observed within each case that teachers applied similar proportions of low and high-
level question types. Moreover, they increased the use of high-level questions and
decreased the low-level question types while improved their teaching
implementations from medium to high-level. Comparison of the teacher use of
guestion types as well as questioning patterns between medium and high-level
practices contributes to readers understanding on the differences occurred when

teachers attempted to improve their questioning.
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By investigating the cognitive correspondence between a total of 587 teacher
questions and student responses to each question, this study observed that it was
meta-cognitive question type to initiate student higher cognitive level practices such
as argumentation, induction, and deduction. Although the related research mostly
addressed open-ended questions to have the most potential in increasing student high
cognitive practices, the present study empirically found that open-ended questions
failed to engage learners in such practices. The requirement of a new question type
was emphasized by Gall (1970) while the researcher criticized the inefficiency of
classification systems to assess actual high-level teacher questions. Although this
critique was given in 1970s, it still attaches significance since most of the research
use Bloom’s taxonomy that suggested in 1960s in order to classify questions.
Considering above discussed issues, this study can be a pioneer for further studies in

an adoption of the meta-cognitive questions as a high-level question type.

5.1.4 Recommendations for Future Research

There are various suggestions for the future research.

1) As mentioned in the limitations part of the study, another group of
participants, which include classrooms having different grade levels or socio-
cultural backgrounds are warranted.

2) The future research should focus on examining questioning behaviors
of teachers those having low quality of implementation as well as medium
and high-levels.

3) In order to increase the transferability of the results, it is
recommended to replicate this study with a larger sample size.

4) Since the videotapes from small group discussions were in limited
availability, future studies should include field observations from the
implementations in order to attain depth understanding into teacher

questioning.
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5) In this study, meta-cognitive question type was empirically found to
promote high-level student responses as the most frequently compared the
other types. Future studies should also provide empirical evidence on the

effect of meta-cognitive question type on student high-level thinking.
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APPENDICES

APPENDIX A
The Modified Reformed Teaching Observation Protocol (RTOP)

Never Very
Occurred Descriptive
-Instructional strategies respected students' 0 4
prior knowledge/preconceptions.
. -Focus and direction of lesson determined 0 4
2 by ideas from students.
> -Students communicated their ideas to others 0 4
= -High proportion of student talk and a 0 4
B significant amount was student to student.
& -Students' questions and comments
determined focus and direction of classroom 0 4
discourse.
TOTAL /5=
@ -Teacher acted as resource person,
& supporting, and enhancing student 0 4
5 investigations.
;fé -The metaphor "teacher as listener" was very 0 4
2 characteristic of this classroom.
TOTAL /2=
-Students were actively engaged in thought
provoking activities that involved critical 0 4
assessment of procedures.
§ -Students were reflective about their 0 4
£ learning.
© -Intellectual rigor, constructive criticism, 0 4
ﬁ and the challenging of ideas were valued.
2 -Active participation was encouraged and 0 4
-2 valued.
¥ _Students were encouraged to generate
conjectures, alternative solution strategies, 0 4
and ways of interpreting evidence.
TOTAL /5=
o - Teacher questioning triggered divergent
c L 0 4
S modes of thinking.
@
L TOTAL /1=
o
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APPENDIX B

TURKISH SUMMARY

Bireylerin, degisen ve gelisen diinyada, bilimsel ve teknolojik degisimlere ayak
uydurabilmeleri i¢in fen bilimleri dersi 6gretim programlar1 bilginin depolandig
geleneksel 6gretim anlayislarinin yerine bilginin yapilandirilarak 6grenildigi 6grenci
merkezli 6gretim anlayislarin1 benimsemistir. Degisen bu 6gretim anlayisi, bireylerin
bilgiyi yapilandirirken yalnizca “kesfetme ve deney yapma” siireglerinde degil ayni
zamanda “agiklama ve argliiman kurma” siireglerinde de aktif rol almalarini 6n
gormektedir (Milli Egitim Bakanligi, [MEB], 2013, s. 3). Benzer sekilde Amerika’da
yayinlanan Gelecek Nesil Bilim Standartlar1 (National Research Council, [NRC],
2012) 6grenmenin laboratuvar ¢alismalarinin yani sira miizakere etme gibi sosyal
stireglerle yapilandirilarak gerceklesmesi gerekliligini vurgulamaktadir. Gerek ulusal
gerekse uluslararasi baglamda iilkelerin fen egitimi Ogretim programlart etkili
dgrenmenin gerceklesebilmesi i¢in Argiimantasyon Tabanli Bilim Ogrenme (ATBO)

uygulamalarin1 6nermektedir.

Fen egitimi anlayisinda meydana gelen bu gelismeler, 6gretmenlerde de 6nemli
pedagojik degisimleri beraberinde getirmistir. Ogretmen mesleki gelisimi ile ilgili
literatlir, Ogretmenlerin fen egitimi reformlar1 dogrultusunda &grenci-merkezli
O0grenme ortamlart olusturabilmelerinde soru sorma yontemlerinin 6nemli rol
oynadigin1 vurgulamaktadir. Ogretmenlerin soru sorma ydntemleri pedagojik
gelisimleri acisindan biiyilk 6nem tasimaktadir (Benus, Yarker, & Hand, 2010;
Martin & Hand, 2009; McNeill & Pimentel, 2010; Oliveira, 2010; Pimentel,
Katherine, & McNeill 2013, Pinney, 2014; Promyod, 2013). Etkili ATBO ortamlar
olusturabilmek icin 6gretmenler, soru sorma yontemlerine yonelik bilgi ve beceri

gelistirmelidir (Martin & Hand, 2009; Omar, 2004; Pimentel, 2010; Promyod, 2013).
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Norton-Meier, Hand, Hockenberry, ve Wise (2008) Ogretmen soru sorma
yontemlerinin ATBO ortamlarindaki 6nemine, sorularin diyalog tarzi etkilesim
olusturabilme potansiyeline vurgu yaparak deginmislerdir. ATBO siniflarinda
Ogrenciler, akranlar1 ve Ogretmenleriyle aktif miizakere siirecleri igerisinde yer
almalidir. Bu slire¢, O0gretmenin otorite olarak gorildiigii geleneksel &grenme
ortamlarinda tek tarafli (monolog) seyrederken, 6§renmenin dinleyerek ve tartisilarak
yapilandirildigit ATBO smiflarinda diyalog seklinde olusmaktadir. Ogretmen sorulari
bu noktada, 6grencilerin etkili diyalog siirecleri igerisine girmesinde onemli rol

oynamaktadir (Norton-Meier, Hand, Hockenberry, & Wise, 2008).

Arastirmacilar, ogrenci-merkezli O0grenme ortamlarinda etkili soru sorma
yontemlerinin gerekliligini, sorularin smifigi miizakerelerde Ggrencilerin payini
arttirmas1 (Martin & Hand, 2009); diyalojik etkilesimler olusturmasi (Gunel, Kingir,
& Geban, 2012); ve dgrencilerin bilissel becerilerini harekete gegirmesi (Chin, 2007;
Oliveira, 2009) ile iliskilendirmektedir. Ogretmen sorular1 iizerine yapilan
arastirmalar ¢ogunlukla sorularin cevapta talep ettigi bilissel beceriler iizerine

odaklanmaktadir (Cotton, 2001; Gall, 1970).

Ogretmen sorular1 dgrencilerin bilissel becerilerini tetikleyen etkili bir faktdr
oldugundan 6gretmenlerin profesyonel derecede etkili sorular sorabilmesi 6nem arz
eder (Gall, 1984). Egitim literatiiriinde kaliteli ya da etkili soru sorma yontemlerini
belirleyen bir¢ok 0lgiit belirlenmistir. Bu o6lciitlerden biri, 6gretmen sorularinin
cevapta cagrisim yaptig biligsel diizey ile iligkisinin incelenmesidir (Gall, 1970).
Ogretmen soru tipleri, bilimsel bilginin yapilandirilma asamasinda, grencilerin
tecriibe ettikleri biligsel becerilerin diizeyini belirler (Chin, 2007). Bu baglamda,
etkili soru tipi Ogrencide yiiksek biligsel becerileri tetikleyen soru olarak
tanimlanirken (Dantonio & Beisenherz, 2001), diisiik seviye sorular cogunlukla bilgi

tabanli ¢agrisim yapan sorular olarak ortaya ¢ikmaktadir.

Ogretmen soru sorma ydntemlerinin gelistirilmesi amaciyla bircok ¢alisma, hizmetici
egitim programi uygulamis ve bu c¢alismalar program sonrasinda Ogretmenlerin

yiiksek biligsel seviye soru tiplerini kullanim sikligini arttirdigini ortaya koymustur
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(6r., Erdogan & Campbell, 2008; Martin & Hand, 2009). Ote yandan bazi ¢alismalar,
etkili soru stratejisi i¢in yiiksek seviyede soru tipinin diisiik seviyede sorulara gore
daha sik kullanilmasi gerekmedigini savunmaktadir (6r., Goodwin, Sharp, Cloutier,
& Diamon, 1983; Konya, 1972). Omegin, Konya (1972) 6gretmenin yiiksek ve
diisiik seviyede sorular1 benzer oranlarda (ylizde 50) kullandigi smif
uygulamalarinin, 6grencinin yiiksek seviye cevap vermesini tetikleyen en etkili
yontem oldugunu goézlemlemistir. Yiiksek bilissel seviyede sorular genellikle
ogrencide yliksek biligsel seviyede cevabi tetikleyen en etkili soru tipi olarak
savunulurken, 6gretmenin soru tiplerini hangi siklikla kullanmasi gerektigine dair

celigkili bir durum ortaya ¢ikmaktadir.

Ogretmen soru tiplerinin etkisini dgrenci cevaplarini gozeterek inceleyen bazi
caligmalar, Ogretmen yiiksek seviyede soru sorsa dahi cevaplarin %350 sinden
fazlasiin diisiik biligsel seviyede oldugunu gézlemlemistir. Dillon (1982) bu durumu
“Yiiksek seviyede soru sor, herhangi bir seviyede cevap al’ sozleriyle 6zetlemistir (s.
549). Yiiksek seviyede Ogretmen sorulari ve yiiksek seviye Ogrenci cevaplari
arasindaki iliskiyi inceleyen arastirmalar geliskili sonuglar bulmustur (Redfield &
Rousseau, 1981; Winne, 1979). Baz1 aragtirmalar dogrudan bir iligki tespit ederken
digerleri yiiksek seviyede soru tipinin yiiksek diizeyde cevabi garantilemedigini
ortaya koymustur. Gall (1970) literatlirdeki bu celiski durumun sebebini soru tiplerini
smiflandirmak i¢in bagvurulan taksonomilerin yetersizligi ile alakali olabilecegini
savunmustur. Cogu soru smiflandirma taksonomileri Ogretmenlerin bagvurmasi
gereken soru tiplerindense, smiflarda kullandiklar1 soru tiplerinin cesitliligini
gozeterek olusturulmustur (Gall, 1970). Ayrica, Ogretmen sorularmin etkililigi
sorulart birbirinden bagimsiz olarak ele almak yerine soru tiplerinin biitiinciil olarak
degerlendirilmesini gerektirir. Gall (1970) bu baglamda, 6gretmen soru tiplerinin
ogrencilerin biligsel becerileri lizerine etkisinin ayni1 zamanda soru tiplerinin hangi

siralamada kullanildig1 da gozetilerek ele alinmasi gerekliligini savunmustur.

Soru sorma yontemlerinin gelistirilmesi amaciyla mesleki gelisim programlari

baglaminda bazi ¢alismalar yliriitiilmiis ve 68retmen soru sorma yontemleri program
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Ooncesi ve sonrasinda incelenmistir. Egitim literatiiriinde, mesleki gelisim
programlarinin gerekliligi bir¢cok arastirmaci tarafindan vurgulanmasina ragmen (or.,
Dantonio, 1990; Fairbain, 1987; Joyce & Showers, 1983; Otto & Schuck, 1983;
Savage, 1998), Ogretmen soru sorma yontemlerini mesleki gelisim programlari

araciliiyla inceleyen sinirl sayida aragtirma bulunmaktadir (Bolen, 2009).

Soru sorma stratejilerinin gelistirilmesini hedefleyen mesleki gelisim programlarinin
igerigi cesitlilik gostermektedir. Birgok aragtirmact (6r., Windschitl, 2002; Czerniak
& Lumpe, 1996) mesleki gelisim programlarinin 6gretmenlerin  6grenme  ve
Ogretmeye dair bilgi, inang ve algilarin1 hedeflemesi gerekliligini savunmaktadir. Bu
arastirmacilar, mesleki gelisim programinin amaci yalnizca Ogretmen soru
yontemlerini gelistirmek olsa dahi, 0gretmenin 6grenmeye dair var olan algi ve
inanglarin1  degistirmeden etkili bir gelisim beklenemeyecegini savunmaktadir.
Ayrica, c¢ogu Ogretmen gelisim programi kisa donemli seanslar halinde
gerceklestirilmektedir. Ogretmen gelisimini uzun vadeli olarak inceleyen smirl
sayida arastirma vardir (Benus, Yarker, Hand, & Norton-Meier, 2013). Bu noktada,
egitim literatlirlinde, 6gretmen gelisimini uzun vadede, dgretmenlerin 6grenme ve
Ogretmeye dair algi ve inan¢ degisimlerini gdzeterek inceleyen mesleki gelisim

programlarinin gerekliligi goze carpmaktadir.

Bu ¢alisgma ATBO gergevesinde yiiriitiilen boylamsal bir mesleki gelisim programi
baglaminda gergeklestirilmistir. Calismanin amaci, ATBO yaklasimmin uygulandig
siniflarda 6gretmen sorularinin farkli uygulama seviyelerine gore tanimlanmasidir.
Oncelikli olarak yiiksek seviyedeki ATBO uygulamalarinda sorulan 6gretmen
sorular1 tanimlanmis ve yiiksek uygulama seviyesinde sorulan sorular ile orta seviye
sinif uygulamalarinda sorulan sorular arasindaki farkliliklar incelenmistir.
Sonrasinda ise Ogretmenlerin soru tiplerini hangi siralama ile kullandiklar1 ele

alimmistir. Calismay1 yonlendiren arastirma sorulari agagidaki gibidir:

1. Orta ve yiiksek seviye ATBO uygulamalarinda sorulan 6gretmen soru tipleri

arasindaki farkliliklar nelerdir?
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2. Orta ve yiiksek seviye ATBO uygulamalarinda kullanilan &gretmen soru

oruntilerinin temel 6zellikleri nedir?

Ulusal ve uluslararasi baglamdaki fen egitimi reformlar1 bagarili bireyler yetistirmek
icin ATBO’ye dayali 6grenme ortamlarmin kurgulanmasini énerdiginden bu sinif
uygulamalarini yakindan incelemek 6nem arz etmektedir. Bu ¢alisma, yiiksek kaliteli
ATBO smiflarinda sorulan ogretmen soru yontemlerini orta seviye ATBO
uygulamalarinda sorulan sorularla kiyaslayarak 6gretmen ve arastirmacilara zengin
bilgiler ~sunmaktadir. Ogretmen sorularimin  farkli  seviyelerdeki ATBO
uygulamalarina gére incelenmesinin temel dayanagi 6gretmen soru sorma yontemi
ve uygulama seviyesi arasinda dogrudan iliski olugunu ortaya koyan ¢aligmalardir
(6r., Martin & Hand, 2009; Omar, 2004; Pimentel, 2010; Promyod, 2013). Yiiksek
seviye ATBO smiflarinda sorulan sorular yiiksek seviye soru stratejiesi hakkinda
bilgi verirken, bu sorularin orta seviye sinif uygulamalarinda kullanilan soru tipleri
ile kiyaslanmasi O6gretmenlerin soru sorma yontemlerini gelistirirken yaptiklari

hamleler hakkinda bilgiler sunmaktadir.

Her bir arastirma sorusunu cevaplamak igin ¢oklu durum g¢alisma desenine
basvurulmustur. Durum ¢alismasi “bir 6rnegin, olgunun veya sosyal birimin, yogun,
biitiinciil bir bigimde tanimlanmasi ve analizi” olarak ifade edilirken (Merriam, 1988,
s.21 akt. Merriam, 1998, s.27), durum c¢alismasinin bir ¢esidi olan ¢oklu durum
caligmast birden fazla durumun genel bir amag¢ icin incelenmesi olarak

tanimlanmaktadir (Stake, 1995).

Calismada yer alan katilimcilar 2 fen bilimleri 6gretmenidir. Katilimcilar, Tiirkiye’de
ATBO baglaminda yiiriitiilen boylamsal bir mesleki gelisim programina katilan
Ogretmenler arasindan segilmistir. Mesleki gelisim programina katilan dgretmenler
arasindan c¢alismanin Orneklemini se¢mek i¢in amagsal Ornekleme metodu
kullanilmistir. Amagsal 6rnekleme, arastirmacilarin katilimcilara dair belirli dlgiitleri
kullanarak se¢im yaptig1 durumlarda kullanilabilir (Fraenkel & Wallen, 2006). Bu
calismada Orneklem se¢imi asamasinda g6z Oniinde bulundurulan kriter,

ogretmenlerin ATBO’ye dayali uygulama seviyeleridir. Katilimcilar segilirken her
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birinin orta ve yiiksek seviye ATBO uygulama videosunun ulasilabilirligi dikkate
almmistir. Ogretmenlerin diisiik seviye smif uygulamalarindan kisitl video kaydina
ulagilabildigi i¢in bu ¢alisma, yalmizca orta ve yiikksek uygulama diizeylerinde
Ogretmen video kayitlarini igermektedir. Diisiik seviyede uygulama videosuna

ulagilamama durumu ¢alismanin sinirliliklarinda belirtilmistir.

Calismaya ait veriler, ogretmenlerin kendi smiflarinda yaptiklart ATBO
uygulamalarindan alinan video kayitlarindan olugsmaktadir. Her bir 6gretmenin orta
ve yiiksek seviyede ATBO uygulamalarmi igeren video kayitlar1 galismanin
verilerini olusturmaktadir. Uygulama videolar1 aracilifiyla toplanan veriler c¢ok
durumlu karsilastirmali (multiple cross-case) yontem ile analiz edilmistir. Calismanin
analizi Oncelikle, her bir 6gretmen icin birbirinden bagimsiz olarak gerceklestirilmis
ve sonrasinda karsilastirilmali yontem ile 6gretmenlerin soru sorma ydntemlerine
iliskin benzerlik ve farkliliklar tartisilmistir. Cok durumlu karsilastirmali analiz
durumlardan elde edilen sonuglarin uyusan ve uyusmayan yonlerini belirlemek igin
kullanilabilir (Merriam, 1998). Durumlar arasinda ortaya c¢ikan farkliliklar
durumlarin karakteristik ozellikleri ile eslestirilirken, benzer 6zellikler arastirilmak

istenen konuya yonelik kanitlar giiclendirmektedir (Harootunian, 2007).

Daha once bahsedildigi tizere katilimcilar, Tiirkiye Bilimsel ve Teknolojik Aragtirma
Kurumu (TUBITAK) tarafindan desteklenen bir mesleki gelisim projesine katilan
ogretmenler arasindan secilmistir. Proje, Tirkiye genelinden 30 fen bilimleri
ogretmeninin ATBO uygulamalarma ydnelik bilgi, beceri ve yeterlilik gelistirmesini
hedeflemistir. Ug yillik (6 akademik dénem) proje kapsaminda &gretmenler her
donem hizmetic¢i egitime katilmis ve devam eden egitim-6gretim doneminde kendi
siiflarinda  ATBO  uygulamalari  yiiriitmiislerdir. Her ddénem yiiriitiilen
uygulamalarin video kayitlar1 alinmis ve Reform Tabanli Egitim Gozlem Protokolii
(RTOP) kullanilarak uygulama diizeyleri tespit edilmistir. Mesleki gelisim
programina katilan 30 dgretmen arasindan uygulama diizeyleri gozetilerek segilen 2
ogretmenin orta diizey ATBO uygulamalar1 programin 3. dénemine denk gelirken,

yiiksek diizey uygulamala videolar1 programin 4. doneme tekabiil etmektedir.
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Her dgretmenden alinan orta ve yiiksek diizey ATBO uygulama videolar1 arastirmact
tarafindan transkript edilerek her bir uygulamada sorulan Ogretmen sorulari ve
karsiiginda verilen 6grenci cevaplari tespit edilmistir. Ogretmen soru tipleri,
Graesser ve Person (1994) tarafindan gelistirilen Soru Tipi Taksonomisi (Taxonomy
of Question Types) araciyla belirlenirken, &grenci cevaplarmin biligsel diizeyleri
Grimberg ve Hand (2009) tarafindan gelistirilen bilissel becerileri kodlama 6lgegi ile

belirlenmistir.

Graesser ve Person (1994) tarafindan gelistirilen soru tipi taksonomisi 3 tip soru
kategorisini icermektedir. Bunlar; kapali uglu, agik uglu ve yonetim sorularidir.
Kapali uglu sorular genellikle bilgi veya ezber tabanli cevap gerektiren sorular olarak
tanimlanirken, agik ucglu sorular Ogrenciyi bilgiyi yorumlama, analiz ve sentez
yapmaya yonelten sorulardir. Yonetim sorular1 ise dgrenciler deney yaparken ya da
siif icerisinde bir yonergeyi uygularken 6grencileri yonlendirme amacli kullanilan
soru tipidir (Graesser & Person, 1994). Hmelo-Silver (2003), Graesser ve Person
tarafindan gelistirilen soru tipi taksonomisini revize etmis ve goézlemlemis oldugu
istbiligsel soru tiplerini ‘listbiligsel-yonetim sorulari’ basglhigi altinda eklemistir.
Taksonomi, Hmelo-Silver tarafindan revize edilmis haliyle 3 temel soru tipini
icermektedir: 1) kapali uglu sorular, 2) agik uclu sorular ve 3) iistbiligsel-yonetim

sorulari.

Hemolo-Silver, g¢alismasinda {istbilissel ve yonetim sorularin1 bir baslikta ele
almasina ragmen bu ¢alismada bu kategori, {istbiligsel sorular ve yonetim sorulari
diye 2 ana kategoriye ayrilmistir. Bu ayrimin yapilmasindaki temel etken bu
calismada istbiligsel ve yonetim sorularmin farkli amaglara hizmet ettiginin
gozlemlenmis olmasidir. Sonug olarak bu c¢alismada 6gretmen soru tipleri 4 ana
kategori baz alinarak kodlanmistir: 1) kapali uglu sorular, 2) acik uclu sorular, 3)

yonetim sorular1 ve 4) iistbiligsel sorular.

Ogrenci cevaplarinin bilissel diizeylerini belirlemek iizere Grimberg ve Hand’in
(2009) gelistirdigi, 3 temel diizeyden olusan bilissel beceriler degerlendirme Glgegi

kullanilmistir. Diisiik, orta ve yiiksek seviye biligsel beceriler sirasiyla algi, kavrama
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ve soyutlama basamaklar ile iliskilendirilmektedir. Algr basamagi gozlem yapma,
Olclim yapma, ve karsilagtirma gibi temel becerileri ig¢erirken, kavrama basamagi
ornekseme, iddia, aciklama ve sebep/sonug iliskilerine dair akil yiiriitmeyi
gerektirmektedir. Yiksek diizey bilissel beceriler olarak adlandirilan soyutlama
basamagi argiiman kurma, tlimdengelim, tiimevarim ve arastirma tasarlama gibi

becerileri icermektedir.

Ogretmen soru tipi ve 6grenci cevaplarmin bilissel diizeyleri kodlandiktan sonra
bagimsiz bir arastirmact kodlamalar1 revize etmistir. Kodlar arasinda var olan
uyusmazliklar tespit edilerek, arastirmacilarin biraraya gelerek kodlar iizerinde fikir

birligi yapmalar1 saglanmstir.

Video kayitlariin transkript edilmesiyle elde edilen yazili dokiimanlar, sdylem
¢oziimlemesi kullanilarak analiz edilmistir. Birinci aragtirma sorusu kapsaminda
sdylem analizi, Chi-square analiz yontemi ile birlestirilmistir. Ogretmenin her bir
soru tipini ne siklikta kullandigin1 belirten toplam sayilar belirlenmis ve orta ve
yiiksek seviyede kullanilan soru tipleri sikliklari arasinda istatistiksel olarak anlaml
bir farklilik olup olmadigi tespit edilmistir. Chi-square analizi bu istatistiksel

anlamliligin tespiti sirasinda kullanilmustir.

Daha o6nce bahsedildigi iizere arastirma sorular1 her bir 6gretmen icin birbirinden
bagimsiz bir sekilde cevaplanmistir. Sonrasinda karsilagtirmali durum analizi ile orta
ve yiiksek seviyedeki soru yontemleri arasindaki farkliliklarin 6gretmenler arasinda
uyusup uyusmadig tespit edilmistir. Karsilastirmali durum analizi, 6gretmenlerin
orta ve yiiksek seviyede sergiledikleri soru yontemleri arasindaki farkliliklarin her iki

ogretmende de tutarli oldugunu orta koymustur.

Ogretmenler yiiksek seviye ATBO uygulamalarinda kapali uglu soru tipini en fazla
kullanirken, en az siklikla bagvurulan soru tipi ydnetim sorular1 olmustur. Ustbiligsel
soru sorma orani kapali uglu soru sayisiyla benzer iken, acik uclu sorular, kapali ve

istbilissel soru tiplerine kiyasla nadiren tercih edilmistir.
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Ogretmenlerin orta ve yiiksek seviye smif uygulamalarinda kullandiklari soru tipleri
kiyaslandiginda, uygulama diizeyleri arasinda farklilik yaratan soru tiplerinin
ustbilissel ve kapali uglu sorular oldugu gozlemlenmistir. Yiiksek uygulama
seviyesinde Ogretmenlerin istbilissel soru sorma orani artarken, kapali uglu soru
sayilar1 azalma gdstermistir. Chi-square analiz sonuclari 6gretmelerin  farkli
uygulama diizeylerinde, kapali uglu ve {istbilissel soru sayilar1 arasindaki bu
farkliligin istatistiksel olarak anlamli oldugunu ortaya koymustur. Uygulama
diizeylerine bagli olarak acik uglu ve yonetim soru sayilar1 arasinda onemli bir

farklilik gozlemlenmemistir.

Arastirma sorulart kapsaminda olmamasina ragmen, 6gretmenlerin orta ve yiiksek
uygulama diizeyinde sorduklari toplam soru sayilari karsilastirilmistir. Orta diizeyde
sorulan toplam soru sayisinin yiiksek uygulama diizeyinde sorulan sorudan fazla
oldugu ancak bu fazlaligin istatistiksel olarak anlamli bir farklilik goéstermedigi
ortaya koyulmustur. Ogretmenin uygulama diizeyi arttik¢a sordugu soru sayisindaki
azalmayi, benzer bir sekilde Martin ve Hand (2009) yaptiklar1 ¢alismada
gozlemislerdir. Arastirmacilar, iyi sinif uygulamasinda 6gretmen soru sayisindaki
azalmay1 Ogrencilerin siirecte daha aktif rol almalariyla acgiklamiglardir. Yiiksek
uygulama seviyelerinde 68retmen soru sayisindaki azalma dersin odaginin 6grenciler
tarafindan belirlendigi esnek bir sinif ortamina isaret etmektedir. Diger taraftan
Erdogan ve Campbell (2008) yiiksek uygulama seviyelerinde Ogretmen soru
sayisinin arttigini gézlemlemis ve bu durumu 6gretmenin dgrenci-merkezli 6grenme
ortamlarindaki aktif roliiyle iliskilendirmislerdir. Ogretmen uygulama seviyesi
gelistikge smif ortaminda sordugu toplam soru sayisinin ne yonde degismesi
gerektigi hakkinda literatiirde geliskili sonuglar gdze ¢arpmaktadir. Ornegin, bir diger
arastirmact Gadamer (1993), Ogretmen soru sayisinin artmasi veya azalmasi
gerekiliginin 6nem arz etmedigini ancak temelde onemli olan konunun 6gretmenin
yiiksek seviye soru tipini kullanmasi oldugunu vurgulamistir. Yiksek bilissel
seviyedeki bir soru, diisik biligssel seviyede sorulan yiiz sorudan daha etkili
olabileceginden toplam soru sayilarim1 kiyaslamak o©nemli bir anlam ifade

etmemektedir (Gadamer, 1983).
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Bu calisma kapsaminda o6gretmenin kullandigi c¢oklu sorularin (multiple string
questions) yap1 ve igerigi de incelenmistir. Coklu sorular, Fink (1987) tarafindan
herhangi bir cevapla kesilmeden, ardarda sorulan sorular dizisi olarak tanimlanmaistir.
Ogretmenlerin orta ve yiiksek uygulama seviyelerinde benzer siklikla ¢oklu soru
kullandigr gozlemlenmistir. Coklu sorularin uzunlugu, bir diger ifadeyle ardarda
sorulan soru sayilar1 arasinda uygulama diizeyine goére Onemli bir fark
gozlemlenmemistir. Coklu sorular birbirini tekrar eden sorulara yol agarken
Ogretmenin sorular arasinda bekleme siiresini gozetmedigiyle de iliskilendirilir
(White & Lightbrown, 1984). Ogretmenin ¢oklu soru kullammi bu sebeple
geleneksel 6grenme ortamlariyla iliskilendirilirken bu ¢aligmada 6gretmenin ¢oklu
sorular1 genellikle bir 6nceki soruda sorulan duruma aciklik getirmek veya baslangic
sorusuna verilecek cevaplarin = smirlarint  daraltmak amaciyla  kullandigi

gozlemlenmistir.

Ogretmen soru tipi ve ogrenci cevaplarinin bilissel diizeyi arasindaki iliski
incelenerek, ilk defa bu galismada, Ustbiligsel sorular 6grencinin yiiksek bilissel
seviyede cevap vermesinde rol oynayan en etkili soru tipi olarak tanimlanmigtir.
Ogretmen soru sorma ydntemleri {izerine literatiir, {ist seviye soru tipini genellikle
acik uclu sorular ile iligskilendirmektedir (Graesser & Person, 1994). Ancak bu
calismada agik uclu sorular 6grencilerin argiiman kurma, tiimevarim ve tiimdengelim
yapma gibi {ist diizey bilissel becerileri tecriibe etmelerinde etkili olamamistir. Bu
becerilerin tesvik edilmesinde rol oynayan en etkili soru tipinin iistbilissel sorular
oldugu gdzlemlenmistir. Orta diizey ATBO uygulamalarinda yiiksek seviye dgrenci
cevaplarinin ortalama %350’s1 iistbiligsel sorular tarafindan tetiklenirken yiiksek

uygulama seviyelerinde bu oran %63’ bulmaktadir.

Ogretmen soru tipi, dgrencide yiiksek bilissel seviyede cevabi tetikleyen onemli bir
faktordiir (Chin, 2007; Gall, 1970; Pate & Bremer, 1967), ancak soru tipleri
birbirinden bagimsiz bir sekilde incelenmemelidir (Gall, 1970; Taba, 1966). Bu
baglamda, bu ¢alisma orta ve yiiksek seviye ATBO uygulamalarinda yiiksek bilissel

seviyede cevabi tetikleyen soru desenlerini incelemistir. Soru deseni bu c¢alismada
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Ogretmenlerin soru tiplerini hangi siralama ile kullandiklarina dair incelemeleri
icermektedir. Ogretmenlerin hem orta seviye hem de yiksek seviye ATBO
uygulamalarinda belirli bir siralama gozettigi belirlenmistir. Dersin baslarinda
cogunlukla kapali uclu ve agik uglu sorular sormayi tercih ederken, dersin ortalarinda
tistbiligsel soru sikligini da arttirarak her {i¢ soru tipine de basvurmuslardir. Dersin
sonlarina dogru siklikla kullanilan soru tipi istbilissel sorular olmustur. Yonetim
sorularinin belirli bir diizen ile sorulmadigr gozlemlenmistir. Kapali ve acik uglu
sorular 6grencide kavramsal ya da bilgi tabanl ¢eliski olusturmak icin kullanilirken,
tistbiligsel sorular 6grencide list diizey bilissel becerileri tetiklemek i¢in sorulmustur.
Ogretmenler, iistbilissel sorular1 sormadan once diger soru tiplerini kullanarak
kavramsal celiski yaratmis ve bu c¢eliskiyi {istbilissel sorularla tetikleyerek
Ogrencileri argliman kurma, tiimdengelim ve tiimevarim gibi becerileri tecriibe
etmeye yonlendirmistir. Ustbilissel sorular dgrencide yiiksek seviyede bilissel
becerileri tetikleyen en etkili soru tipi olmasina ragmen, yalnizca istbiligssel soru
kullantmiin etkili bir soru sorma yontemi olmadigi goézlemlenmistir. Dersin
baslarinda sorulan iistbiligsel kategorideki sorularin 6grencide iist diizey bilissel
becerileri tetiklemek igin yetersiz oldugu goriilmiistiir. Ogretmenler, bu kategorideki
soru tipinden etkili cevaplar alabilmek i¢in Oncelikle kapali ve agik uglu sorularla

kavramsal ¢eliski olusturmuslardir.

Ogretmen soru tipi siralamasma ydnelik bu sonuclar Taba’nin (1966) ¢alisma
sonuglariyla benzerlik gostermektedir. Taba da benzer sekilde etkili soru sorma
yontemi i¢in 6gretmenlerin once diisiik seviye soru tiplerini kullanmalar1 sonrasinda
iist diizey soru tiplerine basvurmalari gerektigini savunmustur. Ogretmenlerin soru
tiplerini hangi siralamada kullandiginin, etkili soru sorma ydntemine dair ipuglari
verecegi, dolayisiyla bu durumun o6grenci bilissel beceri diizeyleri tizerindeki
etkisinin incelenmesi gerektigi Gall (1970) tarafindan oOnerilmis olmasina ragmen,

yakin zamanda bu alanda yapilmis ¢alismaya rastlanmamaktadir.

Bu calisma, 587 6gretmen sorusu ve 0gretmen sorulari ile 6grenci cevap seviyeleri

arasindaki iliskiyi orta ve vyiiksek seviyede ATBO smiflarinda inceleyerek
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Ogretmenlere ve aragtirmacilara kaliteli soru sorma yontemi hakkinda zengin bilgiler
sunmaktadir. Bu calismada 6grenci bilissel becerilerini tetiklemede en etkili soru tipi
olarak beliren iistbilissel soru tiplerinin etkililiginin, ilerleyen ¢alismalarda da test
edilmesi ve bu soru tipinin 6grenci cevaplarina olan etkisine yonelik daha fazla kanait
sunulmasi tavsiye edilmektedir. Ayni zamanda diger durum calismalarinda oldugu
gibi calismanin bulgular1 6gretmenlerin veya siniflarin kendine 6zgli 6zellikleri ile
sinirlt olabilir. Farkli 6gretmenlerle yapilan bir ¢alisma farkli sonuglara yol agabilir.
Bu nedenle gelecek calismalar farkli smif diizeyleri ve tniteler kullanilarak

tekrarlanmalidir.
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APPENDIX C

TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitiisii |:|

Sosyal Bilimler Enstitiisii

Uygulamali Matematik Enstitiisii

Enformatik Enstittisi

Deniz Bilimleri Enstitiisi

YAZARIN

Soyadi : Kilig
Adi  :Burcu
Boliimii : {lkogretim Fen ve Matematik Alanlar1 Egitimi

TEZIN ADI (ingilizce) : INVESTIGATING QUESTIONING PATTERNS
OF TEACHERS THROUGH THEIR PEDAGOGICAL PROGRESSION IN
ARGUMENT-BASED INQUIRY CLASSROOMS

TEZIN TURU : Yiiksek Lisans Doktora

. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

. Tezimin i¢indekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir

boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

. Tezimden bir bir (1) yil siireyle fotokopi alinamaz.

TEZIN KUTUPHANEYE TESLIiM TARIiHI:
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