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ABSTRACT

A CASE STUDY ON MIDDLE SCHOOL TEACHERS’ MATHEMATICS
QUALITY OF INSTRUCTION

ATAY, AZIME
Ph.D., The Department of Elementary Education
Supervisor: Prof. Dr. Erding CAKIROGLU

March 2024, 285 pages

This study aimed to investigate aspects of the quality that middle school mathematics
teachers highlighted and the quality of instruction while teaching the area of circles
and sectors. Data were collected from middle school teachers who worked in
different public schools throughout the teaching of the area of circle and the area of
the sector in 71 grade. The schools were placed in different districts of the city.
Participant teachers graduated from Elementary Mathematics Education programs at
the universities and experienced teachers who have been working more than 5 years.
In the data collection process, the teachers came together and talked about how they
teach the area of the circle and the area of the sector. After group discussions, the
teachers instructed their lessons and the researcher took video-record of the
instruction. The data were analyzed within the Mathematical Quality for Instruction
framework. Findings indicated that the teachers knew the content they teach and only
three instances were observed for the Errors and Imprecision dimension. They
received mid-or-high scores for the Richness of Mathematics dimension in many
segments. Explanations, Mathematical Sense-Making and Mathematical Language

were the most frequently used dimensions. The Linking Between Representations is

v



the least used sub-dimension by the teachers. Sub-dimensions of Working with
Students and Mathematics dimensions were observed many times during
instructions. In the group discussion, both Ali and Efe stated possible students'
difficulties and errors and students' thinking about the content They corrected
students’ errors but generally, correction was procedural. However, they rarely used
Common Core Aligned Student Practices. They preferred teacher-centered teaching

methods, and so students’ contributions were limited.

Keywords: Mathematical Quality of Instruction, area of circle, area of sector.
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ORTAOKUL MATEMATIK OGRETIMININ KALITESI UZERINE BiR ORNEK
OLAY CALISMASI

ATAY , Azime
Doktora, ilkégretim Boliimii

Tez Yoneticisi: Prof. Dr. Erding CAKIROGLU

Mart 2024, 285 sayfa

Bu calisma ortaokul matematik 6gretmenlerinin dairenin alani ve daire dilimin
alanini Ogretirken, kaliteli bir 6gretim i¢in nelere odaklandiklarini ve dgretimlerinin
kalitesini arastirmay1 amaclamistir. Veriler 7. sinifta dairenin alan1 ve daire diliminin
alanmin Ggretilmesi siirecinde farkli devlet okullarinda gdrev yapan ortaokul
O0gretmenlerinden toplanmistir. Okullar sehrin farkli semtlerinden segilmistir.
Calismaya katilan dgretmenler iiniversitelerin Ilkégretim Matematik Ogretmenligi
programindan mezun olmus, bes yildan daha uzun stliredir 6gretmenlik yapan
tecriibeli 6gretmenlerdir. Veri toplama siirecinde 6gretmenler bir araya gelerek daire
ve daire diliminin alanini nasil Ogrettiklerine dair Ogretimsel deneyimlerini
paylasmistir.. Grup tartismalarinin ardindan 6gretmenler derslerini anlatmis ve bu
dersler video ile kayit altina alinmigtir. Veriler Ogretimin Matematiksel Kalitesi
(MQI) cergevesinde analiz edilmistir. Bulgular, 6gretmenlerin 6grettikleri konuyu
hakim olduklarin1 gostermistir. Dolaysiyla Hatalar ve Belirsizlik boyutu i¢in dil
kullaniminda muglaklik olusturan yalnizca ii¢ 6rnek gézlemlenmistir. Buna paralel
olarak 6gretmenler Matematiksel Zenginlik boyutunda da bir¢cok segmentte orta ve
yiiksek puanlar almistir. Agiklamalar, Matematiksel Anlamlandirma ve Matematiksel

Dil en sik kullanilan alt boyutlar olmustur. Temsiller Arast Baglanti Kurmak alt
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boyutu ise en az kullanmlan alt boyut olmustur. Ogrencilerle ve Matematikle
Calisma boyutunun alt bilesenlerine derslerde yer verilmistir. Ogretmenler
ogrencilerin hatalarim1 fark edip diizeltmislerdir. Fakat bu diizeltmeler genelde
islemsel diizeyde gerceklesmistir. Ogretmenler grup tartismasinda olasi dgrenci
zorluklarin1 ve hatalarmi belirtmelerine ragmen, ders anlatirken bir Onlem
planlamadiklar1 gériildii. Ortak Temelde Olusturulmus Ogrenci Uygulamalar en az
kullanilan boyut olmustur. Ogretmenler 6gretmen temelli bir 6gretim tercih ettikleri

i¢cin 6grenci katlisinin sinirh kaldigr gozlemlenmistir.

Anahtar Kelimeler:Ogretimin matematiksel kalitesi, dairenin ve daire diliminin

alami
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CHAPTER 1

INTRODUCTION

Mathematics is one of the most important subjects taught at school because
mathematics is related to real life directly and it also provides a basis to other areas
such as physics, chemistry, and computer science. The improvement of student
learning in mathematics is a central focus of policymakers, and researchers in many
countries (Harniss et. al., 2002; Jaworski, 2006). To improve student learning
outcomes, many different methods have been tried. One of these methods is
changing the curriculum. “Competency-based curriculum’ which was developed to
cover the “irrelevance of much knowledge-based education to occupational
performance and the failure of educational qualifications to predict occupational
success” (Raven, 2001, p. 253) was widely accepted educational reform of the last
decades. The educational reform movement also affected the Turkish educational
system and Middle School Mathematics curricula were updated in 2005 because of
socio-economic (globalization), political (European Union), philosophical
(Constructivism), and educational (Student-centered teaching) reasons (inal, 2005).
The new curricula are based on the idea that “Every child can learn mathematics”
and focus on process skills, and mathematical thinking skills and want students to
participate in his/her own learning actively. However, teachers who implement
curricula in the classrooms, are the decisive factors of what students receive during
instruction. The research showed that teachers are important for students learning

(Bobis et al., 2012; Hill et al., 2005; Rockoff, 2004; Teddlie & Reynolds, 2000).

The researches on pre-service teachers education and mathematics teaching
indicated that work of teaching and teacher knowledge to teach effectively are very
complex process (Ball et. al., 2008) Which variables in teacher education affect the
student’s learning and achievement? The researchers investigated the effect of
teachers’ years of experience, teachers’ beliefs, teachers’ content knowledge and
pedagogical content knowledge, and lesson artifacts (assignments, books, lesson

1



plans). Identifying the types of classroom practice that affect student outcome is
critical for the education researchers ( Blazar, 2015). The required teacher knowledge
to teach mathematics effective defined Ball et al in Mathematical Knowledge for
Teaching framework. Mathematical Knowledge for teaching is a content specific
framework that describes content knowledge and pedagogical content knowledge

required for effectively teach the mathematics.

To wunderstand the aspects that affect learning and achievement generally
standardized test are used. However, standardized test results report the result, and
give no information about the how to improve the quality of instruction (Boston et.
al, 2015). To improve the students learning more attention should be paid the
instruction that students received in the classroom (Charalambous et. al., 2012).
However, understanding effect of teaching process on student achievement faced
problems such as developing an appropriate tool to measure the quality. Researcher
decided to work on this problem and some observation protocols were developed to
analyze instructions. Instructional Quality Assessment (IQA), the Classroom
Observation Instrument, Inside the Classroom Observation and Analytic Protocol
(ICOAP), and Reformed Teaching Observation (RTOP) are some of the classroom
observation frameworks that are used to measure the quality of instruction.
However, result of studies also highlights the importance of subject-specific
framework (Charalambous & Praetorious, 2018). QUASAR The Mathematical
Quality of Instruction (MQI) framework is a content-specific classroom observation
framework. It focus on mathematical quality of instruction and eliminates problems
related to other factors. Therefore, it meets the aspects of mathematics education the
best. In this research, the MQI framework was used to analyze quality of

mathematics instruction.

1.1. Aim of the Study and Research Questions

Mathematics is an important subject of the school. Mathematics is not only a school
subject but also it forms a base for many profession. Increasing the quality of
mathematics education is one of the important goal of Turkish education system.

This study is structured as a qualitative study that researches mathematical quality of

2



middle school mathematic teachers’ instruction, and the quality aspects that
highlighted. It is centered on multiple case studies. This study tries to answer the

following two main research questions:

1. What aspects of the instruction do middle school mathematics teachers

highlight and what is the quality of these aspects?

2. How is the quality of instruction of middle school mathematics teachers in
implementing the instruction as they observed through the Mathematical

Quality of Instruction (MQI) instrument?

1.2. Significance of the Study

Quality of education is affected by many factors. Some of the factors are, teachers,
students, the district that school located, socio-economic level of families and so on.
Teacher knowledge is one of the important factor that affect student achievement.
How teaching occur in the classroom is highly related to students achievement.
Looking into instruction process may give information about how student learn,
which kind of activities support permanent learning, what teacher do to support
student learning, and what factors affect student high order thinking skill. However,
each observation protocols has some strong and week aspect. To minimize the lose
of data because of the observation protocol, using an content speci fic observation

rubric will be helpful.

MQI separates the instruction into segments and examines each segment in detail.
Examining the quality of mathematics instruction gives information about the needs
of the teachers, and teaching. It shows strong and week aspects of the instruction. It
has the potential to inform educational policy by addressing the need for
mathematics education in Turkey. It suggests ways to modify or adapt the content of
mathematics teacher education, professional development programs, and in-service
training workshops. Also, school profiles are different, so it also gives information

about effect of students’ profiles on instructional quality of mathematics.



1.3. Definition of Important Terms

Area

Amount of space occupied by a two dimensional figure

Circle
A circle is a shape in the plane that is formed by combination of all points that are

situated in an equal distance from a center.

Sector

A sector is a section of a circle bounded by two radii and corresponding circular arc.

Mathematical knowledge for teaching

“Mathematical knowledge needed to perform the recurrent tasks of teaching

mathematics to students (Ball et al., 2008, p.399)”

Middle school mathematics teacher

Teachers who teach mathematics to from fifth to eighth-grade students are named
middle school mathematics teachers. They generally graduated from Elementary
Mathematics Education programs at universities. The teachers working in public

middle schools were selected as participants in this study.

Mathematical Quality of Instruction (MQI)
A framework that was developed to investigate quality of mathematics instruction. It

is a content-specific framework and used to analyze video records of instruction.



CHAPTER 2

LITERATURE REVIEW

The goal of this study is to investigate the instructional quality of mathematics
lessons, by observing their mathematics instruction. In this chapter, an overview of
the literature about the teaching the area concept, mathematical knowledge for

teaching and mathematical quality of instruction is presented.

2.1. Teaching Area Concept

Measurement is one of the central components of the primary and secondary
mathematics curriculum and includes measurement of length, measurement of area,
and measurement of volume. Measurement is a part of our everyday life. Therefore,
learning the measurement concept is important for students not only for achievement

in mathematics but also for their everyday life skills.

Area measurement is one of the significant topics in the mathematics curriculum and
it is covered in the measurement strand or geometry strand in different countries
(NCTM, 2000). In Tukey, it is mandated in the geometry and measurement strand.
Area measurements are included in the middle school mathematics curriculum of
different grades. The measurement of the area of the rectangle (square is presented as
a special rectangle) is covered in the fifth-grade curriculum, and the measurement of
the area of triangles, and parallelograms is covered in the sixth-grade curriculum. In
the seventh-grade curriculum, the measurement of the area of the rhombus,
trapezoids, circles, and sectors is included. Lastly, in the eighth-grade curriculum,
the surface area of the right circular cylinder is included. So, the teaching of the area

of measurement is an important topic of school mathematics in Turkey, too.

The area is the measure of two-dimensional bounded and closed surfaces and a

surface can be divided into equal parts by using an area measurement unit; the
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measure of the area is expressed by the number of these measurement units (Smith et
al., 2016). The area measurement constructs a connection between the concrete
world of real measurement units and the abstract world of mathematics (Hiebert,
1981). The calculation of the measure of the area requires a transition from the use
of physical objects to doing mathematical operations (formulas) (Kordaki & Potari,
2002; Lehrer, 2003; Zacharos, 2006). Therefore, area measurement is a difficult
topic for students to understand. The literature lists five difficulties related to
learning the area concept. These are; a) conservation of the area, b) understanding
and using measurement units, ¢) spatial structuring of the rectangle, d) multiplicative

composition, and e) confusing the area and perimeter (Smith et al., 2016, p. 241).

The conservation of the area is defined as the understanding that the amount of 2D
closed shape does not change when the shape is moved or divided into parts (Smith
et al., 2016). That is, the quantity of an object remains the same when it is rearranged
and length, area, and volume can be divided into smaller equal parts (units) (Outhred
& McPhail, 2000). Understanding the conservation of the area is the first step in

understanding area measurement.

The second difficulty that students face is related to understanding and using the area
measurement units. Covering a surface with square units and counting the square unit
to find the measurement of the area does not mean that students understand the unit
square is the measurement unit of the area (Kamii & Kysh, 2006; Kordaki & Potari,
1998). To understand that the measurement unit of the area is the unit square, it is
necessary to understand that the square can be divided into small units, and although
the square unit is discontinuous on its own, it becomes continuous with repeated use
in area measurement processes. To understand the continuity of unit squares,
students should know the process of covering a surface with unit squares to measure
the area and why these rules are necessary. While measuring with unit square “The
units must "cover" the quantity exactly - there can be no overlap between units and
no part can be left uncovered (Hiebert, 1981, p.40)”. The use of unit squares without
leaving uncovered space or overlapping units and understanding the repeated use of
units is the key to the process of abstraction of area measurement. Students face

difficulty in understanding why no uncovered space should be left (O’Keefe &
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Bobis, 2008). Olkun et al. (2014) conducted research in 4 different cities with the
participation of 248 students studying in 4th, 6th, 8th and 9th grades. Most of the

participants do not consider the unit squares as the measurement unit of the area.

Moving from physically covering a space with square units to abstraction of
measurement includes representing unit squares with two parallel lines to measure
the areas. However, representing units using two parallel lines is more difficult than
expected, and covering an area with square units is not clear enough for students
(Outherd & Mitchelmore, 2004). To calculate the area of a rectangular region
without covering and counting square units, students must visualize the rectangular
array model, and this arrangement both speeds up counting and forms the basis of the
area formula of rectangles (Smith et al.,2016). Understanding the multiplicative
relation between the numbers of rows and columns and the total area of the rectangle
is the idea behind the area formula. Huang and Witz (2013) conducted research with
23-grade students and none of the participants talked about the array model to find
the area. When teaching the area concept, using formulas is given more importance
than the conceptual understanding of the area measurement. In the literature, many
researchers are investigating the construction of the area formula. Although dividing
the rectangular area into small squares is an important step in reasoning about the
area formula, it is not given as an area measurement strategy, it is just part of the
teaching process (Zacharos, 2006). Dividing the area into unit squares is crucial
when calculating the area of irregular polygons. When teaching the area of polygons
such as squares, rectangles, triangles, or parallelograms, the focus of instruction is
the correct application of the area formula. So, students try to apply a formula while
calculating the area of irregular polygons. Kamii and Kysh (2006) revealed that one-
third of eighth-grade students had difficulty finding the area of an irregular polygonal
region, and some of these students used the area formula to calculate the area of the
polygonal region, while some of them calculated its perimeter. Huang and Witz
(2011), conducted an experimental study with 120 fourth-grade students. They
applied three different curricula in 4 different classrooms to improve students’
conceptual understanding of the area formula and students’ performance in solving
area measurement problems. The control group received the traditional curriculum

that focus on numerical calculations of area measurement. Group 1 was treated with
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a geometry motions curriculum that focuses on 2-D geometry motions to explain the
rationale of the area formula rather than operations conducted to calculate the
measure of area. In the lessons of Group 2, a mix of the 2-D geometry motions
curriculum and the traditional curriculum was applied. The research results showed
that the group that was treated with both the conceptual knowledge of the area
formula and calculation of the area with numerical data, was more successful in
explaining their solutions and solving questions that require high-level thinking skills
than the other groups. Students who received only applications of area formulas were
successful in solving simple problems but showed low success in solving questions

that required high-level thinking skills.

Students are good at memorizing the area formula and doing operations that the area
formula includes (Huang & Witz, 2013). However, correctly performing the
operation of the area formula does not mean that students understand the meaning of
the area measurement. Two-fifths of the fourth-grade students who participated in
Huang and Witz's (2013) study could not distinguish the area concept and the area
measurement.  Reducing the area formula to arithmetic operations causes
overgeneralization of the formula and results in the low success of the area
measurement content (Erdem & Giirbliz, 2018; Zacharos, 2006). The result of a
study conducted with seventh-grade students showed that students generalized the
area formula of the rectangle (multiply the length of two sides to find the area) and
they multiplied the length of three sizes of the triangle to calculate the area of
triangles (Erdem & Giirbiiz, 2018). Also, students' success in solving area
measurement problems is very low. Kaya (2019) conducted research with 16 sixth-
grade students and asked them to solve two real-life problems including the
measurement. More than half of the participant’s answers were incorrect. When the
students’ answers were analyzed in detail, it was determined that the majority of the
students did not know what the area refers to and tried to reach a numerical result by

performing operations with the given numbers.

Students who can explain the area concept and have a good understanding of the
multiplicative relationship that the area formula developed on are competent in

applying the area formula, recognizing the geometric object, realizing and correcting
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their errors, and justifying their answer when solving area measurement and
perimeter measurement questions (Huang & Witz, 2011; Huang, 2014). Explaining
the connections between the square units and the area formula, and using models
while teaching area content helps students to learn the area concept better (Erdem &

Giirbiiz, 2018).

Students face difficulty in distinguishing the perimeter and the area concepts. They
used the area formula and the perimeter formula interchangeably (Smith et al., 2013;
Smith et al., 2016). Some 4th, 6th, 8th, and 9th-grade students calculated the
perimeter when they were asked to find the area of polygons (Olkun et al., 2014).
Another research was conducted by Kamii and Kysh (2006). They asked to eight-
grade students to find the area of irregular polygons. However, some students

calculated the perimeter of the polygons instead of the area of them.

The studies that were conducted with the pre-service teachers and in-service teachers
show that the teachers also face difficulty in understanding the area concept and
distinguishing the area and perimeter concepts. Yeo (2008) investigated the effects of
teachers’ MTK on teaching the area and perimeter to the fourth grade. Although
students can verbally express the area of a rectangle and square, they cannot define
what the area is. In the first lesson, the teacher asked students to define the area, the
students answered "The base times the length". This shows that students understand
the area as a formula. The teacher gave examples about the area instead of guiding
the students to define the area concept. Also, when the teachers were asked to define
the area and perimeter, they tried to remember the formula of the area and the
perimeter. The complexity of the area and perimeter concepts demonstrated the
importance of the teacher’s subject matter knowledge and pedagogical content
knowledge. The key knowledge about the concepts of area and perimeter must be
well understood by the teacher himself, and the teacher must be able to determine
which activities will contribute to the student's understanding and carry out these

activities appropriately in the classroom environment.

Simon and Blume (1994) conducted a study by informally observing 26 pre-service

and video-typed them through 12 hours of instruction. Pre-service teachers were

9



expected to solve problems related to the area of rectangles. Researchers asked them
to find the area of the rectangular region of the desk by covering it with the unit
rectangles. They easily covered the surface and counted the unit rectangles.
However, pre-service teachers tried to find the area of the rectangular surface by
multiplying the number of rectangles in a column and number of the rectangles in a
row. It shows that memorizing the area formula as “base times height” resulted in
overgeneralization of the area formula to the situation when the unit rectangles are
used as a unit of measure. Also, they did not question if the unit square was
appropriate to measure an area. the results indicated that pre-service teachers
memorized the area formula and used the unit squares to cover the surface without
understanding the multiplicative relation under the area formula and its relation with

the unit squares.

Another study that shows that pre-service teachers’ knowledge of the areca was
formula-oriented was conducted by Runnalls and Hong (2020). Pre-service teachers
applied the area formula to solve the questions, but they had difficulty in explaining
the solution steps. Pre-service teachers were given questions that were solved
incorrectly by the students. they were asked to find out the mistakes of the students.
pre-service teachers answered that the students' solutions were incorrect because

their application of the area formula was incorrect.

The teacher thinks that measuring an area is covering the surface with unit squares
and counting the numbers of the unit squares not dividing the surface into equal parts
(Outhred & McPhail, 2000). Teachers’’ emphasis on the area measurement as
covering the surface causes students to face difficulty when measuring the area of
irregular shapes (Kordaki and Potari, 1998; Outherd and Mitchelmore, 2004;
Zacharos, 2006) and in cases where students cannot cover the surface with concrete

materials (Outhred & McPhail, 2000).

Reinke (1997) conducted a study to investigate pre-service teachers' understanding of
the relation between the area and the perimeter. The participants of the study were 76
pre-service teachers. 26 of the participants gave wrong answers to the are question

and 67 participants gave wrong answers to the perimeter question. Approximately
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22% of the candidates approached the perimeter question as an area question. 8
participants indicated that without knowing the value of the sides, the perimeter
cannot be calculated. The results showed that the pre-service teachers faced difficulty

in distinguishing area and perimeter.

Ma (2010) investigated American and Chinese teachers’ content knowledge and
pedagogical content knowledge around the area and perimeter relation. She
conducted interviews with American and Chinese teachers using scenarios. Findings
of the research showed that Chinese teachers’ content knowledge was better than
American teachers’ content knowledge and content knowledge of the teachers
affected the teaching practice of the teachers. Teachers who know what area and
perimeter are and the relationship between them direct students to explore and prove
their ideas. However, teachers who did not have enough content knowledge about the
area and perimeter faced difficulty in understanding students' ideas and guiding
students to prove their ideas. That is teachers content knowledge of the mathematical

contents affects their teaching practices

Students have difficulty understanding the area, area measurement, and perimeter.
Students' difficulties can be listed under the topics; difficulty in understanding the
conservation of the area, difficulty in understanding measurement units, difficulty in
understanding area formulas, and difficulty in distinguishing the area and perimeter.
However, the studies conducted with pre-service and end-in-service teachers
indicated that teachers face difficulty in understanding the area content, the area
formula, and distinguishing the area and perimeter, too. The research also showed
that teachers’ content knowledge and pedagogical content knowledge affect their

teaching practices.

2.2. Teacher Knowledge

Increasing the students' achievement is the key focus of the education. One of the
important factors that affect students’ achievement is the teachers. Teachers'
knowledge about the content and how to teach the content are highly related to

students' achievement (Bobis et al., 2012; Hill et al., 2005). The teacher should have
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a deep understanding of mathematical concepts and pedagogical strategies to ensure
effective teaching of mathematics (Baumert et al., 2010). What the teacher should
know for effective mathematics teaching? This question tried to be answered by Ball
et al (2008). They defined two main categories which are subject matter knowledge
and pedagogical content knowledge using Shulman’s (1986) pedagogical content
knowledge notion. They defined the “Mathematical Knowledge for Teaching”
framework to distinguish what a mathematics teacher should know differently than
any adult who received a mathematics education. (Ball et al., 2005; Hill et al., 2008;
Ball et al., 2008). That is, MTK was built on the idea that “teachers need to
understand and use mathematics in ways that are specific to the work of teaching
and that often differ from the ways in which mathematics is attuned to needs of other
workplaces” (Stylianides & Ball, 2008, p.398). MTK is a widely accepted and used
framework to evaluate the knowledge of mathematics teachers. Mathematical
knowledge for teaching includes two main categories (i) subject matter knowledge

and (ii)pedagogical content knowledge (see Figure 1).

SUBJECT MATTER KNOWLEDGE PEDAGOGICAL CONTENT KNOWLEDGE

I —

T \

Common

contant Knowiedge of
knowledge content and
: students (KCS)
(CCK) Specialized Knowledge
L content of content
knowledge (SCK) and |'
Horizon curriculum
content
knowledge Knowledge of
content and
teaching (KCT)

Figure 1. Mathematical Knowledge for Teaching (Ball et al., 2008, p.403)

Subject matter knowledge means knowledge of mathematics and it consists of three
sub-categories which are (i) common content knowledge, (ii) horizon content

knowledge, and (iii) specialized content knowledge. Although common content
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knowledge and specialized content knowledge are defined as separate knowledge in
theory, Ball and her colleagues also state that there are difficulties in measuring these
two knowledge dimensions separately in classroom practices (Ball & Rowan, 2004;
Ball et al., 2008). Therefore, for this study common content knowledge, specialized
content knowledge and horizon content knowledge will be analyzed together under

the topic of content knowledge.

Common content knowledge is used to express the mathematical knowledge of the
facts, procedures, terms, or operations that any educated adult to know (Hill & Ball,
2004). Common content knowledge includes being able to identify students' correct
or incorrect answers, being able to recognize incorrect definitions and questions in
the textbook, and being able to use mathematical terms and mathematical language
correctly (Ball et al., 2008). Correctly performing the area formula to find the area of
a rectangle is an example of common content knowledge. Teachers should know the
area formula and be able to perform multiplication correctly, but knowing the
formula and correctly performing the operations is not specific to teaching (Hill &
Ball, 2004). Teachers should know the rules, definitions of terms, and facts of the
topic that they teach. Lack of common content knowledge of teachers causes
insufficient teaching process (Ball et al., 2005; Ball et al., 2008). Common content
knowledge is crucial for teachers but not sufficient for effectively teaching

mathematics (Ball et al., 2008).

Specialized content knowledge is mathematical knowledge and skills that are
important and used only during teaching mathematics (Hill & Ball, 2004; Ball et al.,
2008). Specialized content knowledge is needed only for teaching, other professions
that use mathematics do not need specialized content knowledge (Ball et al., 2008).
Specialized content knowledge includes making explanations to answer the question
“why”, using different representations to solve a question and linking these
representations to make sense of mathematics, making connections between the
topics being taught and previous learning of students, modifying tasks, asking
mathematical questions to develop the mathematics, or adapting mathematical
content of textbook to the teaching process. For example, knowing that a data set can

be represented with a graph or with a table, making connections between the graph
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and the table, and explaining the difference between interpreting the data from these
two representations is related to the specialized content knowledge. Another example
of specialized content knowledge is explaining why squares are the special form of
rectangles. Bair and Rich (2011) identified four components of development of the
specialized content knowledge as the “ability to explain and justify their work, use
multiple representations, recognize and generalize relationships among conceptually
similar problems, and pose problems (p. 299)”, and defined five levels of specialized
content knowledge for each component. Level 0 specified the common content
knowledge that a beginner college student expected to know and Level 4 represented
the deep mathematical content knowledge and knowing how to use mathematical
content knowledge for teaching. Teacher education program expected to increase
pre-service teachers MTK. Kleickmann et. al. (2012) found the largest difference in
content knowledge and pedagogical content knowledge between first-grade pre-
service teachers and last-grade pre-service teachers. Content knowledge is a
combination of common content knowledge and specialized content knowledge, and
teachers need both common content knowledge and specialized content knowledge
to teach mathematics (Hill & Ball, 2004). In order for a teacher to be able to question
whether mathematical concepts are understood, the teacher must first have a deep
and relational understanding of mathematics and mathematical ideas (Bair & Rich,

2011).

Pedagogical content knowledge is defined as teacher knowledge that is necessary to
make specific content understandable to students, it is a combination of the content
knowledge and pedagogical knowledge of teachers and it constructs a teacher’s
professional expertise (Depaepe et al., 2013). Pedagogical content knowledge of a
teacher is personal and changes with the experience (Van Dijk & Kattmann, 2007).
Pedagogical content knowledge is the knowledge that teachers need in the classroom.
In other words, pedagogical content knowledge is about how to teach mathematics.
Pedagogical content knowledge is divided into three subcategories: (i) knowledge of
the content and students, (ii)knowledge of content and teaching, and (iii) knowledge

of content and curriculum.
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Knowledge of content and students refers to combining the knowledge of
mathematics and the knowledge of students (Ball et al., 2008). A teacher must know
how to motivate students, how to draw their attention, what is easy and difficult for
them, which kinds of explanations confuse them, or what they will think when
content is presented (Ball et al., 2008). Knowledge of content and students requires
deep mathematical content knowledge, and being familiar with students and
students’ thinking (Hill et al., 2008). For example, a teacher needs to know that when
students may confuse area and perimeter and calculate perimeter instead of area, or

some students may divide the area of a rhombus by 2 since they think the area

formula of rhombus % means dividing the total area by 2.

Knowledge of content and teaching is the knowledge that combines knowing about
mathematics and knowing about teaching (Ball et al., 2008). Knowledge of content
and teaching includes sequencing tasks for instruction, choosing which examples to
use, and knowing the advantages and disadvantages of using a representation to teach
a topic and all these tasks require the interaction of pedagogical issues that determine
students’ learning and knowledge of mathematical content (Hill & Ball, 2004; Ball et
al., 2008). During the instruction, a teacher should know how many hours to spend
on a topic, if further explanation is needed when to ask questions to students, in
which mathematical content to make connections, or in which order to present tasks.
For example, a teacher should know that s/he should explain the relation between the
square, the rectangle, and the parallelogram. Otherwise, students will think that they
are separate geometric figures, and never be able to generalize that a rectangle is a

specific form of the parallelogram.

An example illustrating the relationship between common content knowledge,
specialized content knowledge, knowledge of content and students, and knowledge
of content and teaching is as follows: Ordering a list of decimals (common content
knowledge), generating a list of important mathematical issues to order decimals
(specialized content knowledge), determining which decimals will cause difficulty
for students (knowledge of content and students), and deciding what to do to
remediate students difficulties (knowledge of content and teaching) (Ball et al., 2008,
p.404).
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Knowledge of content and curriculum is teachers' knowledge of the curriculum they
will teach. Teachers should know what students learned previously and what they
will learn next to make connections between mathematical content. For example,
teachers' knowledge of the subjects in the mathematics curriculum they will teach,
being aware of the curriculum outcomes, and being aware of the relationship
between different mathematics subjects while preparing their lessons can be
considered within the scope of content and curriculum knowledge (Aslan-Tutak &

Koklii, 2016).

2.3. Mathematical Quality of Instruction (MQI)

Viewing the same instruction video, different audiences often have different
perspectives about the instruction. One audience may think the teacher does not use
manipulatives, so the instruction is not well-enough. Another audience may think the
students are participating actively. Therefore, the instruction is good enough. It is
useful to use a common framework to prevent judging instructional quality from an

individual point of view.

Mathematical Quality of Instruction (MQI) was piloted and developed between 2003
and 2012. It is a standardized framework that is developed to assess the quality of
mathematics instruction. That is, the MQI framework is a content-focused
observation protocol specific to mathematics (Charalambous & Litke, 2018). That
is, the focus is mathematics and teaching of mathematics rather than pedagogical
knowledge, school distinct, or classroom climate. To develop the MQI framework,
an iterative process involving cycles of fine-grained observation of video-recorded
lessons and theoretical discussion of relevant literature on teaching mathematics and
the knowledge needed to reach this subject matter (Charalambous & Litke, 2018).
MQI dimensions focus on interactions between teacher and content, teacher-student

interaction around the content, and interaction between students and content.

MQI breaks out instruction into different dimensions, so it allows us to see the weak

and strong features of an instruction. Since its first development, the dimensions of
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the MQI framework have developed and changed. For this research, the 4-Point
version of MQI which was developed in 2014 is used. It includes five dimensions
and 16 sub-dimensions. MQI is designed to be used to analyze videotaped lessons,
not live lesson observations. MQI rubric advice dividing instruction into 3.5. to 7.5-
minute segments. The Classroom Work is Connected to Mathematics (CWCM)
dimension is scored as “Yes” or “No”. Each of the other four dimensions has a
rubric describing not present, low, mid, and high. Each segment also gets an overall
code related to the main dimensions. Segments are viewed and coded according to

the MQI 4-Point rubric (See Appendices).

Teacher
Students #
5= et M Content

Students

Figure 2. The Instructional triangle

2.3.1. Classroom Work is Connected to Mathematics

This dimension is about the focus of the segments. This dimension tries to capture
whether the instruction time is spent on the mathematical content or not. If the focus
of half or more of the segment is mathematical content, it is scored “yes”. The
teacher may introduce a new topic, review previous learning, or solve a problem or
the students may work on the content as a group or individually. If half or more of
the segment is spent on cutting, pasting activities without any connection to
mathematical content, distributing or gathering materials, or talking on non-

mathematical issues, it is coded as “no”.
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2.3.2. Richness of Mathematics (RM)

The richness of the mathematics dimension is about the depth of mathematics
introduced in the classroom. This dimension tries to capture evidence of an
explanation of what a definition means, an explanation of the logic behind facts and
procedures, precise language use, different solution methods, and a comparison of
this method. RM dimension tries to answer the following questions (MQI Training

Modules):

- Does the segment include explanations of why facts are true, a procedure works
or some solution methods are appropriate for some type of problems?

- Does the segment convey making sense of the solutions, the relation between
numbers, definition of the term?

- Does the segment involve an examination of solution methods or a comparison of
different solution methods, making generalizations or using clear and

understandable language?

Students’ comments or explanations, textbooks, and curriculum materials that
contribute to rich mathematical instructions are also scored in the RM dimension.
Richness elements focus on the instructional triangle's interaction between the

teacher and the content.

Figure 3.Instructional Triangle- Richness of Mathematics
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This dimension includes seven items. Six items, except the overall richness of
mathematics, are grouped into two broad categories; meaning of fact and procedures
and key mathematical practices. Items listed under these two broad categories are
given in the table below.

Table 1. Sub-dimensions of Richness of Mathematics

Meaning of Fact and Procedures Key Mathematical Practices
(Meaning-oriented codes) (Practice-oriented codes)

- Linking Between - Multiple Procedures or Solution
Representation Methods

- Explanations - Patterns and Generalizations

- Mathematical Sense Making Mathematical Language

2.3.2.1. Linking Between Representation

This code refers to links across different representational families. Representational
families mean tables, graphs, stories, written symbols, or manipulatives. The link
within a representational family is not coded. For example, a manipulative and a real-
life situation describing the same area is coded as a link between representations.
However, two different symbolic representations of numbers '2 and 0.5 are not coded
as links between representations. The link can be drawn by students, teachers, or
both. This dimension is not about the teacher’s use of representation. If the teacher
uses many different representations without any link between them, it is scored as

“not present”.

2.3.2.2. Explanations

This code refers to answers to the question “why”. It tries to capture an explanation
of why a procedure works, why a solution method is useful, and why the answer is
true. It also codes justification of the definition but not the definition itself. It also
does not code how a procedure is done or, a statement of facts. For example, all

rectangles are a parallelogram is not an explanation, it is a fact. So, it is not coded
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under the explanation dimension. However, classifying rectangles as a parallelogram
because rectangles satisfy the properties of a parallelogram- their opposite sides are
equal, their opposite angles are equal, and their diagonals bisect each other- is an
explanation. That is, definitions are considered explanations if they are used to
explain statements.

2.3.2.3. Mathematical Sense-Making

This code focuses on meaning. That is, it captures the extent to which teachers or
students talk about the meaning of numbers, explore relationships between numbers,
the relationships between different content, the connection between different
representations and ideas, and discuss the reasonableness of a solution. For example,
making sense of formulas, definitions (what counts as a rectangle, what does not
count as a rectangle), using estimations, using number sense, discussing the
reasonableness of an answer (why the length of a human cannot be 3 meters), and so
on. In many cases, explanation and mathematical sensemaking overlap, and the
instants are coded in both dimensions. However, in some cases, an explanation does
not qualify as Sense-Making. For example, a teacher may explain why an object is
the transformation of another object without meaning to mathematical ideas. Some
instances of Sense-Making are not scored under Explanation. For example, using
estimation meets the criteria of Sense-Making but without an explanation of why an

estimation is true, it does not count as an Explanation.

2.3.2.4. Multiple Procedure or Solution Methods

This code is discussed if multiple solution methods occur or are discussed in the
segment. Multiple solution methods can be used for a single problem. For example,
Student A can calculate the area of a rectangle using the multiplication of rows and
columns while Student B calculates the area by counting unit squares. Multiple
solution methods can be used for a significant problem type. For example, Student A
compares two fractions using a common numerator, and Student B compares them

using the area model.
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2.3.2.5. Pattern and Generalizations

This code is used if the students first examine instances or examples and use the
knowledge that they interfere with to develop patterns or generalizations. This
dimension is scored if the segment includes inference of a mathematical pattern,
derivation of a mathematical property, construction, or testing definition of a term.
For example, finding the area of different rectangles by counting unit squares and
making generalizations of the relationship between the number of squares in rows
and columns and the area of the rectangle. To discover a pattern, build a definition,
or make a generalization, the class should work on more than one example, at least
two examples. Patterns, generalizations, and definitions should be developed during
instruction, not just stated by the teacher. For example, if the teacher stated that all
rectangles are a parallelogram without first discovering it by comparing the

properties of two polygons, it does not count as Patterns and Generalizations

2.3.2.6. Mathematical Language

This code scores the mathematical language use of the teacher. It includes teachers’
fluent use of mathematical language, supporting and encouraging students’ accurate
use of mathematical language, and explaining the meaning of mathematical terms.

Students’ mathematical language use is not coded except if it is high.

2.3.2.7. Overall Richness of the Mathematics

Each segment gets an overall richness code which shows the depth of the
mathematics offered to students. This code is not the average of the first six richness

codes. It is an overall estimate of the richness of the mathematics

2.3.3. Working with Students and Mathematics

Working with students and the mathematics dimension captures whether the teacher
can understand what students mean, respond to students’ contributions, realize

students' mistakes, and correct these errors. Students’ contribution includes, but is
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not limited to, ideas, claims, solutions, explanations, and comments. Students’
mistakes or mathematical errors mean students’ wrong solutions, misconceptions,
and incorrect deductions which allow the teacher to see students’ difficulties. Also, it
tried to capture to what extent the teachers use students’ contributions to construct

the instruction. This dimension undertakes to answer the following questions:

- Do students face difficulty with the content and make mistakes?
- Does the teacher correct students’ mistakes? If so, how?
- Do students share their ideas and contribute to the course?

- Does the teacher use these contributions to build up the instruction?

This code focuses on student-teacher interactions around the content.

Teadcher
Sudents v
>< €4=——-) Content

Students

Figure 4. Instructional Triangle- Working with Students and Mathematics

This dimension includes 3 sub-categories which are listed below.

2.3.3.1. Remediation of Students Errors and Difficulties

This code focuses on the instance in which students’ misconceptions and difficulties
are remediated. There are two types of remediation; conceptual remediation and
procedural remediation. In conceptual remediation, the teacher seeks the root of the
misunderstanding and then repairs it. For example, the teacher said some students
use the perimeter formula although the question asks to calculate the area of a circle,
and the teacher explains the area and the perimeter concepts and shows the difference

between the two. In procedural remediation, the teacher corrects students' mistakes
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by demonstrating procedures. For example, the teacher warns a student that he skips
a step. Saying the student’s answer is false or giving the correct answer is not a

remediation.

2.3.3.2. Teacher Uses Student Mathematical Contribution

This item captures if the teacher uses student mathematical contribution while
constructing instruction. Students’ contributions can be student comments, answers,
discussion, solutions to a problem, student work, generalization, ideas, and so on. For
example, when a student offers a solution method, the teacher asks other students to

comment on her ideas. Students’ contributions can be verbal or written.

2.3.3.3. Overall Working with Students and Mathematics

This code shows the overall interaction of teacher and students. It is not the average
of the first two working with students and mathematics dimension, it is an overall

estimate of teacher-student interaction around the content

2.3.4. Errors and Imprecision

This dimension is about the teachers’ language errors or imprecision, errors in
mathematical notation, or lack of clarity in the presentation of the content, evaluating
an incorrect solution as correct, solving a question incorrectly, defining a term
incorrectly or missing some key condition of the definition. Students’ errors and
imprecision are not coded if it is not endorsed by the teacher. Also, if the teacher
realizes her mistake and corrects it, it is not scored. The Errors and Imprecision

dimension looks at the interaction between the teacher and the content.

This dimension consists of four sub-categories that aim to capture problematic

aspects of the course.
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Figure 5. Instructional Triangle-Errors and Imprecision

2.3.4.1. Mathematical Content Errors

These dimensions focus on the events that are mathematically incorrect. Content
errors include solving a problem incorrectly, making incorrect definitions, missing
key conditions of a definition, endorsing an incorrect answer or comment, and saying
a solution is incorrect when it is correct—for example, defining 3+(7+2) = (3+7) + 2
as the commutative property of addition although it was the associative property of

the addition. The errors that are corrected within the segment are not counted.

2.3.4.2. Imprecision in Language and Notations

This code tries to capture the problematic use of mathematical language or notations.
It can be incorrect use of a notation or misuse use of mathematical language. For
example, errors in the use of equal signs such as 4x3=12+7=19 which results in an
incorrect number sentence, saying the result of multiplication should be greater than

factors, or spelling “angle” as “angel”.
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2.3.4.3. Lack of Clarity in Presentation of Mathematical Content

This code tries to capture muddled, confusing, or distorted mathematical points,
language errors, or inexplicit explanations of the teacher. The question “What did the
teacher mathematically say?” is the guiding question of the dimension. That is, the
dimension is about the instances that confuse students and prevent learning. For
example, when talking about the division of a number by 4, the teacher says the
division makes “4 groups” and then for the same operation he says the division
makes “groups of 4”. Although, the division both gives the number of groups and the

number of a group’s members, referring to both for the same division is confusing.

2.3.4.4. Overall Errors and Imprecision

This code tries to capture the presence of the teacher’s mathematical error. Its point
is not the average of the first three dimensions. It is an overall estimate of the
teacher’s errors.

2.3.5. Common Core Aligned Student Practice (CCASP)

This dimension is about students’ involvement in the mathematical tasks,
contribution, and participation in meaning-making and reasoning. Students’
meaningful engagement with mathematics includes; constructing reasonable
arguments, commenting on other’s ideas, developing models, and using appropriate

tools. This dimension tries to answer the following question:

- Do students actively engage with mathematics?

The CCASP dimension focuses on the interaction between students and the content
(see Figure). It is impossible to know what is going on in a student’s mind.
Therefore, CCASP looks for observable behaviors of the students to catch evidence

of students’ mathematical thinking.
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Figure 6. Instructional Triangle- CCASP

CCASP dimension involves six sub-categories which are given below. The first three
codes focus on how students engage with mathematics. Two codes are about types of
mathematical tasks that students work on and the last one is the overall code of

CCASP.

2.3.5.1. Students Provide Explanations

This item focuses on the student’s mathematical explanation for a fact, procedure,
solution method, and explanation of why something is true. Students’ explanations
can be self-constructed or co-constructed with the teacher. Students can make an
explanation by initiating themselves or they can give an explanation to a question
from the teacher. If the students' explanations are suitable for the Explanation code
in RM, they should be coded in both of the dimensions. Unlike the Explanation code
in RM, the student’s explanation must not be correct. Students’ incomplete or
incorrect explanations also indicate that students are trying to make sense of the

content. It shows the student is thinking mathematically.

2.3.5.2. Student Mathematical Questioning and Reasoning

This dimension focuses on students’ mathematical questions and mathematical
thought. Students’ contributions do not have to be complete or correct. Some

examples of students' mathematical questioning and reasoning include providing
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counter-claims, asking mathematically motivating questions that request
explanations, making conjectures, and using ideas from different mathematical topics
to reason about the content of the lesson. For example, since the sum of the interior
angles of a triangle is 180 degrees, a triangle cannot have two right angles or a

student asked what would happen if a number was divided by zero.

2.3.5.3. Students Communicate about Mathematics of the Segment

This item tries to capture the extent to which students communicate their
mathematical ideas during the course of the segment. Some examples of student
contribution are sharing solution methods with the class (this sharing can occur with
words or without words), asking questions, making definitions, engaging in

discussion, and commenting on others’ ideas.

2.3.5.4. Task Cognitive Demand

This code focuses on the cognitive demand of the enacted task and ignores the initial
demand of the task that is present in the textbook or the cognitive demand of the task
the teacher set up. It captures student engagement in tasks in which they think
deeply. Some examples of cognitively demanding tasks are making connections
between different representations, determining the meaning of concepts, making

conjectures, and looking for patterns and justification.

2.3.5.5. Students Work with Contextualized Problems

This dimension focuses on students’ engagement with contextualized problems
which are story problems, real-world applications, or experiments. This dimension
includes solving such problems, making sense of relationships, discussing different
solution methods, using different representations to make sense of relationships, or
creating contextualized problems. The segment is given a point in this dimension
according to the teachers’ scaffolding. If the teacher scaffolds students heavily, the
segment reaches a lower point although students engage with a contextualized

problem.
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2.3.5.6. Overall Common Core Aligned Students Practice

Each segment gets an overall common core aligned student practice point. It captures
evidence of student involvement in doing mathematics. However, its point is not the
average of the four Common Core Aligned Students Practice sub-dimensions. The
RM and CCASP dimensions look very similar at first. However, the focuses of them
are different. RM focuses on the depth of mathematics offered to students. Students
do not have to be an active participant of the instruction. In the RM dimension,
mainly the teacher’s work is scored. Students’ contributions are scored even if they
are true. However, the CCASP focuses on the student's contributions and is scored

even if they are wrong or incomplete.

2.4. Studies on the Mathematical Quality of Instruction

Teachers’ MTK is an important factor that affects student learning (Bobis et al.,
2012; Hill et al., 2005). However, it is not the only one. The instruction that students
receive in the classroom needs to be investigated in more detail to improve the
students’ learning (Chalambous et al., 2012). To investigate the instruction in detail,
the MQI observation protocol was develop. A strong aspect of MQI is it is specific to
mathematics lessons, and content-specific dimensions of the MQI allow
administrators to prioritize those aspects of the meth instruction to improve students
learning (Charalambous & Litke, 2018). MQI can be used for all content in the
mathematic curriculum of K12. Validity studies of the MQI showed that MQI can be
applicable to different mathematical content. Hill et al., (2012). Indicated that subject
matter content does not affect the rater agreement with master scores and MQI can

be applied to different content.

The MQI framework is used in many research for different purposes. Multiple
studies investigate the connection between teachers’ MTK and the quality of their
instruction (Santagata & Lee, 2019; Hill et al. 2008, 2012, 2015). Some studies
explore the contribution of teachers' MKT and curriculum materials to the quality of

instruction (Charalambous & Hill, 2012; Hill & Charalambous, 2012).

28



Students learning is always accepted as an indicator of the quality of instruction.
Therefore, some researchers focus on the association between teachers” MQI scores
and students’ test scores (Blazer et al, 2016; Blazer & Kraft, 2017; Kane & Straiger,
2012; Hill et al., 2011). The MQI framework has also been used as a tool for
professional development (Kraft & Hill, 2017; Hill et al. 2016; Mitchell & Marin,
2015).

Santagata and Lee (2019) investigate the association between the quality of
instruction and MKT in a sample of novice teachers. Ten first-year elementary
school teachers were selected as participants. To score MTK of participants, an MKT
survey completed by participants was used. While scoring instructional quality
instead of segment-level codes, whole lesson codes of MQI were preferred. Three
mathematics lessons of each teacher were videotaped and analyzed by using MQI.
Research results reported a linear and positive relation between teachers’ MTK and
MQI scores. However, in some cases, teachers’ high levels of MKT scores did not
correspond to a high level of MQI scores while in no cases low level of knowledge
ever result in a high level of instructional quality. A strong, positive, and significant
relationship was found between teachers' MKT and Mathematics is Clear and not
Distorted dimensions of MQI. Also, a positive but not statically significant
association between Tasks and Activities Develop Mathematics and Lesson is
Mathematically Dense dimensions. They found a positive association between
Efficient Use of Lesson Time and teacher MTK and Students are Engaged and

teacher knowledge. Other relationships were weak.

Adkins (2017) tried to establish how the teacher of successful students delivered the
mathematics. She tried to establish the MQI methods (dimension) that were used by
these teachers. She found that the teachers knew the mathematics that they teach.
That is, they have at least an average MTK score, and only %3 of the 80 segments
were scored for teacher error. The teachers got the highest score in the Richness of
Mathematics dimension. The teachers corrected students' errors and used their
contributions in Working with Students and Mathematics dimension. The least used

dimension was CCASP. Students procedurally communicated with mathematics and
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they rarely made conjectures or conclusions using mathematical reasoning. The
relative weakness of teachers was guiding students and making generalization of

mathematical reasoning.

Hill et al.,(2015) worked with 272 fourth and fifth-grade teachers from four schools
to explore the relationship between instructional quality and teachers’ background
characteristics, teachers’ mathematical knowledge, instructional resources, teachers’
habits, and school environment. They collected data from three different sources
which are video-recorded lessons, teachers’ surveys, and students’ demographic and
test scores. They recorded the mathematics lessons of the teachers over three years.
Results of the study showed that teachers' mathematical knowledge and the school
environment explained the variating in mathematics-specific teaching dimension;

other factors explained very little variation in any dimension.

The study of Hill et al. (2011) video-typed six lessons for each of the 24 teachers.
They also conducted interviews with teachers. The results indicated that higher
quality instruction and teachers were observed in the more affluent schools. They
also found a modest relationship between teacher quality and student characteristics.
The research findings state that it is difficult to separate teacher characteristics and
teacher quality. Also, they found a high correlation between teachers” MTK and the

quality of the instruction.

Based on the idea that any observation instrument highlights some features of the
instruction while ignoring some others, Charalambos and Litke (2018) aimed to
examine the affordances and limitations of MQI. They analyzed three fourth-grade
teachers’ lessons which are part of the National Center of Teachers Effectiveness at
Harvard University, using the MQI framework. Each lesson was scored in 7.5-
minute segments and each segment was also assigned an overall score for all MQI
dimensions. Data analysis shows that two instructions can have the same holistic
MQI score for different reasons. For example, one instruction gets a mid-richness
score because of a rich connection between representations while the other
instruction gets mid Richness score because of a mathematical explanation.

examining each aspect of instruction shows the strong and weak aspects of the
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instruction separately and allows a chance to improve the weak part of each
instruction privately. This research also indicates that the MQI framework, as it
promised, focuses on the content-related feature of the instruction to describe its
quality of it. However, in the course of data analysis, researchers detected some
aspects of instruction that are not captured by the MQI framework. MQI dimension
does not focus on generic instructional aspects such as; classroom management and
organization, how the lesson is structured and implemented by teachers to back up
student learning, and student engagement. Although MQI tries to surface content-
specific aspects of instruction, there is no dimension focusing on the appropriate use
of tools, and teaching mathematics equitably (equitable participation and explicit
presentation of mathematics. Since MOI uses video recordings of lessons, raters
sometimes cannot see what students are talking about and doing. Also, the researcher
noted that MQI gives no information about student learning. However, Kane and
Staiger (2012) and Blazar and Kraft (2017) founded a positive relation between the
students learning and MQI scores. Kane and Staiger (2012) evaluated videos of
instructions from The Measures of Effective Teaching (MET) Project (A large-scale
project conducted with the participation of 3000 volunteer teachers) and found a
significant relation between the MQI score of instructions and students’ test scores
(ranging from r=0.12 to r=0.16). Blazar and Kraft (2017) aim to investigate teachers'
effect on student achievement. They worked with 310 teachers from 52 different
schools. The results indicated that there is a relationship between teachers’ MQI
scores and students' learning (in both cognitive and non-cognitive aspects).

In 2014 Hill et al. (2016) started to deliver virtual mathematics coaching to the
teacher. They worked with 142 teachers, 72 teachers in the MQI coaching group, and
70 teachers in the control group. Research results state that teachers in the MQI
coaching group asked more substantive questions to the students, used rich

mathematical vocabulary, and allowed more student talk in the classroom.

Hill and Charalambos (2012) used cross-case analysis to investigate the unique
contribution of both MKT and curriculum materials and their joint contribution to the
quality of instruction. They defined four cases and compared the instruction of two
or three teachers for each case. Findings from the research showed that both MKT

and curriculum material affect instruction. MKT of teachers has an influence on the
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richness of mathematical language used during instruction, teachers’ explanation
related to facts and procedure, avoiding error, and key mathematical points that
teachers attract attention. Teachers with stronger MKT quickly understood students’
ideas and used them while constructing the instruction. Also, well-defined and
closely followed curriculum materials can lead to high-quality mathematics

instruction although the teacher had a low MTK score.

Chalambous et al. (2012) investigated the effect of curriculum materials and
teachers’ MTK on the quality of instruction while teaching integer substruction. The
participants of the study were three mathematics teachers with different levels of
MTK and they used different curriculum materials. They worked on the joint and
distinct contribution of MTK and curriculum materials to the instructional quality.
The results stated that the MTK has a positive effect on teachers’ use of different
representations, providing explanations, use of mathematical language, ability to use
students' contribution to develop mathematics, and moving mathematics to reach a
goal. Curriculum materials were used to construct the meaning of integer subtraction,
support teachers’ mathematical language use, and provide explanations, and multiple
representations use. Also, well-constructed curriculum materials supported teachers’
instructions. Teachers who have higher MTK levels were able to meet deficiencies in

curriculum materials.

Another study that investigates the relationship between MTK and instructional
quality was conducted by Hill et al. (2008). They scored the instructions of the
teachers using the MQI rubric and implemented a paper-pencil assessment to score
teachers' MKT, and then they correlated these two scores. They conducted an in-
depth qualitative analysis to confirm the relationship between instructional quality
and MTK. Participants of the study were 10 teachers who taught various grades from
second to sixth. The analysis of the data showed that “there is a powerful
relationship between what a teacher knows, how she knows it, and what she can do
in the context of instruction” (p. 496). Other factors; teachers' belief about
mathematics should be learned; how to make mathematics fun for students; teachers'
belief about curriculum materials, and their use: and attainability of curriculum

materials for teachers have very little effect on the instructional quality. However,
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these factors are all shaped by the teachers’ knowledge. The high level of MTK
suggested avoidance of error and the teachers with a high level of MTK (4 out of 10)
offered denser and more rigorous mathematics and chose the examples wisely to
ensure equitable opportunities to learn. The lower-knowledge teachers’ instructional
quality was not constant across lessons. When the lessons went well, it was generally

thanks to curriculum materials.
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CHAPTER 3

METHODOLOGY

This study aims to investigate the quality of mathematics instruction using the MQI
lens. This chapter presents an overview of the methodology of this research. The
chapter begins with the re-expression of the purpose statement and the research
questions. The research design, the justification for the use of qualitative research
design and case study, and the context of the study are presented. Then, participants
of the study, data collection tools, and data analysis techniques are given
respectively. Lastly, trustworthiness, the researcher's role, and ethical issues are

addressed.

3.1. Research Questions

The purpose of this study is to investigate the quality of the instruction. Therefore,

this study tries to answer the following research questions;

1. What aspects of the instruction do middle school mathematics teachers
highlight and what is the quality of these aspects?

2. How is the quality of instruction of middle school mathematics teachers in
implementing the instruction as they observed through the Mathematical

Quality of Instruction (MQI) instrument?

3.2. Research Design

A qualitative research design was applied to investigate the quality of mathematics
lessons in middle school. Qualitative research can be defined as research in which
qualitative data collection methods such as observation, interview, and document

analysis are used, and a qualitative process is followed to reveal events realistically
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and holistically in their natural environment (Yildinm & Simsek, 2013).
Interviewing, observing, and analyzing are central activities of qualitative research
because they all help to understand the underlying meaning (Merriam & Tisdell,
2015). Therefore, qualitative inquiry is best suited for research on the daily life of
human beings. In education, many questions related to the teaching and learning
process are asked by researchers, educators, or policymakers. What are the factors
that affect student learning? How do teachers teach mathematics in middle school?
What kind of activities do they do? What kinds of problems do they solve? What
sorts of things do students do in the classroom? Do teachers and students use
manipulatives or technology? To answer these questions, the daily routine of the
instruction needs to be observed, and some interviews with teachers and students
need to be conducted. That is, to answer many questions related to the education

process, qualitative inquiry is the best way of research.

Qualitative research starts with emerging questions, data collection generally takes
place in the participants’ setting, particular data is used to develop general themes,
and the researcher interprets the meaning of the data (Creswell, 2007). Qualitative
research continues in the natural setting with a detailed data analysis. In qualitative
research, the researcher wants to see a more complete picture of what is going on in a
natural setting, not just seek to understand “to what extent” or “how well” something
is done (Fraenkel et al., 2012). Therefore, the researcher focuses on the context of the
research and tries to get rich information about the context. This research is
qualitative, and it aims to investigate the quality of mathematics instruction in the
classroom (natural setting) using qualitative data collection methods observation and

group discussion.

3.2.1. Case Study

To answer the research question, a case study as a qualitative approach was applied
in this study. A case study is defined as “an in-depth description and analysis of a
bounded system (Merriam & Tisdell, 2015, p. 37)”. The case study aims to
understand the case in its natural environment, in depth, by considering its

complexity and context (Punch, 2005). The case studies aim to find an answer to the
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questions “how” and “why” in a real-life event (Yin, 2003) and the case study
method reveals links with their causes which are not possible to discern with
correlational research (Yin, 1994). The researcher understands, describes in detail,
and defines the current issues, their causes, and consequences without controlling the
variables (Leymun et. al., 2017). Although there is a specific purpose and research
questions, the general aim is to understand the case in all aspects as possible (Punch,
2005). Therefore, the researcher deeply explores a case by collecting data from

multiple sources (Creswell, 2007; Leymun et. al. 2017).

The most characteristic feature of a case study is that the object of the study, the
case, is limited (Merriam & Tisdell, 2015). A case can be a group of people, a
school, a classroom, or a program. Three different types of case studies are defined
by Fraenkel et.al. (2012). In an intrinsic case study, the case is a specific individual
or situation. The researcher defines the case in detail. For example, the researcher
works with a student to find out why that student having trouble with learning
mathematics content. In an instrumental case study, the researcher works with a
specific case to understand the larger picture of the situation. The third one is the
multiple case study. In multiple case studies, the researcher works on more than one

case as a part of an overall study.

A multiple-case study approach was applied for this study. The case study is
characterized by the unit of analysis, not by the topic of the study (Merriam &
Tisdell, 2015). This study investigates the quality of mathematics instruction by
using qualitative data collection methods (observations and group discussion).
Participants of the study is three middle school mathematics teachers. This study is a
case study since it works on a bounded system (instruction of three mathematics

teachers) in its natural environment (classroom) without controlling variables.

3.2.2. Context of the Study

The focus of this study is the mathematical quality of instruction. Since the focus is
instructional quality, providing some information about the school where the

observations took place will be helpful in understanding the setting of the study. The
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study was conducted in two different public middle schools in Central Anatolia. One
of the schools was an imam-hatip middle school. Imam-hatip middle schools are a
type of middle school with religious courses in addition to common middle school
courses. The boys and girls received education in separate classrooms. The
classrooms included 25 or 26 students. There were non-Turkish speaker students in
the classroom. The socio-economic levels of some parents were under the average.
Some parents were working as seasonal workers. Therefore, the students of the
school have attendance problems. The school's success level is a little under the
average level of achievement. The second school was a middle school, and in Turkey
middle schools are co-educational. The classrooms include 35 or 36 students. all the
students were Turkish speakers and the socio-economic levels of the parents were
above the average. Since the school was close to the campus area of a public
university, most of the parents were university staff. The school was known as one of

the most successful schools in the city.

3.2.3. Selection of the Participants

Two types of sampling, probability, and nonprobability are defined in the literature
(Merriam & Tisdell, 2015). Probability sampling includes simple random sampling,
stratified sampling, systematic sampling, and cluster sampling methods. Probability
sampling allows the researcher to generalize the result of the research. In qualitative
research, the general aim is not to generalize the result of the study, but to get a rich
and detailed picture of the case at hand. Therefore, in a qualitative study, participants
can be selected using nonprobability sampling methods. Purposeful sampling is one
of the nonprobability sampling methods. Purposeful sampling is used when the
researcher wants to understand, define, and describe the case in detail, and therefore
must select participants from which the most detailed data can be collected (Merriam
& Tisdell, 2015). This research aims to collect rich data about the instruction of
mathematics in middle school. Therefore, a purposeful sampling method was

employed to select the participants of the study.

The aim and the content of the data to be collected in a study are the main factors

that affect the selection process of the participants. This study aims to evaluate the
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instructional quality of mathematics teaching. To analyze the process deeply, a few
participants were selected using purposeful sampling. The participants of this study
are three middle mathematics teachers. While determining the study group, 12
middle school mathematics teachers were interviewed. The primary criteria were that
the teachers volunteer to participate in the study and allow their instruction to be

videotaped and to be examined and evaluated.

There are many factors that affect the success of students. While choosing the
participants, care was taken to select teachers who work in schools with different
levels of success, from different social environments, and with diverse student
profiles to ensure diversity. In addition to the aspects of schools they work in, the
academic characteristics and personal characteristics of the participants were also
effective in the selection of the participants. Teachers' understanding of the
importance of academic study, their willingness to take part in a long-term study,

being open to communication, and being open to criticism were also considered.

Table 2. Knowledge about MSMTs teaching experience and graduate programs

Teacher Ali Teacher Efe Teacher Yusuf
Level of Education Master Degree Bachelor’s Bachelor’s
degree degree
Graduated Program Elementary Elementary Elementary
mathematics mathematics mathematics
education education education
Teaching experience 8 17 12

3.2.3.1. Teacher Ali

Teacher Ali has been teaching in middle school for eight years. He graduated from
an elementary mathematics education program and had a master's degree in
mathematics education. He has been teaching in fifth, sixth, seventh, and eighth
grades in the semester that the data were collected. He was willing to develop his
professional skills. He took part in different professional development programs

provided by the Ministry of National Education. In a semi-structured interview, he
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noted that he considered student knowledge, difficulties, and thinking while planning
the instruction. He also said that he awarded students who correctly solved problems
with a “well done” seal, and it highly motivated students. He said he generally used
direct instruction while teaching. He sometimes employed pair teaching and group
work techniques. He indicated that he sequenced questions from easiest to harder.
While solving a new type of problem of the hardest problem, he noted he gave clues
to students to solve the problem. That is, he scaffolded students to make them solve

the problem. He selected problems that were like problems in national exams.

He was working in an imam-hatip middle school. In imam-hatip middle school, boys
and girls receive education in different classrooms. The region where the school was
located was classified as a disadvantaged region. The socio-economic level of the
parents was low. Many families came from different cities. The success level of the

school was low.

3.2.3.2. Teacher Efe

Teacher Ali has been teaching in middle school for seventeen years. He graduated
from an elementary mathematics education program, and he was a master's student in
mathematics education program. He was willing to develop his professional skills.
He took part in different professional development programs provided by the
Ministry of National Education. He has been teaching in seventh grade in the
semester that the data were collected. In a semi-structured interview, he said he
talked about the history of mathematics during instructions. He focused on why
mathematics was important for daily life. He said he introduced the new content in a
daily life context. He talked about how mathematics was important for hunter-
gatherer people. He indicated that students' understanding of mathematics was
important. Therefore, he noted that he focused on the meaning of mathematical
content rather than number of the questions solved in the classroom. For students
learning, he noted students must take notes and forced students to take notes during
instruction. He also talked about the importance of the curriculum knowledge. He
indicated that he sequenced questions from easiest to harder. He said he used non-

routine problems, and he awarded students who correctly solved problems with a

39



“plus sign”. When a student collects three “plus signs”, they call the parents of the
student to congratulate them. He said this method motivated students to solve the

problems.

He was working in a public middle school as a mathematics teacher. Public middle
schools are co-educated in Turkey. The school was in the campus area of a public
university and most of the parents were working at the university. The education
level of the parents was high. The socio-economic level of the parents was mid or
high. The teacher indicated that students’ readiness for the lesson was high. The

success level of the school was above the average in national exams.

3.2.3.3. Teacher Yusuf

Teacher Ali has been teaching in middle school for twelve years. He graduated from
an elementary mathematics education program and he was a master's student in
mathematics education program. He was willing to develop his professional skills.
He took part in different professional development programs provided by the
Ministry of National Education. He also participated in a dynamic geometry
workshop conducted by a public university. He has been teaching in fifth, sixth,
seventh, and eighth grades in the semester that the data were collected. In a semi-
structured interview, he said he focused on the mathematical thinking process in the
classroom. He said he used different solution methods in the classroom and forced

students to share their own solution methods.

He was working in a public middle school as a mathematics teacher. Public middle
schools are co-educated in Turkey. The school was in a disadvantaged region of the
city. There were non-Turkish speaker students in the classroom. The socio-economic
level of the parents was low and some students dropped out the school to work. The

success level of the school was below the average.

3.3. Data Collection Process

The data collection process includes two phases: pre-instruction and implementation.

The first data source is pre-instruction group discussion videos. Almost one month
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before the instructions, the teachers came together and discussed “how they teach”
the content. They shared their experiences about the teaching area of the circle and
the teaching area of the sectors. Each teacher shared activities, problems, and
teaching methods that they used during instruction. They also talked about student

changes and misconceptions related to the area of circle and sector.

The second source of data is videotaped instructions. Direct observation is one of the
effective ways of investigating teacher effectiveness (Mangiante, 2011). To conduct
a valid observation two components are required, a valid observation form and a
trained observer (Goe et.al.,, 2011) To fulfill these requirements, the researcher
completed the MQI training Modula provided by Harward University and used the
MQI 4-Point scale to analyze observations. To capture the instructional quality of a
teacher, observation of at least two lessons is suggested by MQI research (Ho &
Kane, 2013; Santagata & Lee, 2019). Each teacher observed two times which were
inconsecutive instructions. To answer research questions, the teachers videotaped
while both teachers teaching the same content. The objective of the instructions was
to “Calculate the area of the circle and sector.”. The teachers were first observed
while teaching the area of the circle. Their second observation took place while
teaching the area of the sector of a circle. In addition to the main data source, the
middle school mathematics syllabus and middle school mathematics textbook were
used to better understand the data and provide explanations. The researcher was in
the classroom as an observer and took notes related to instruction. Teachers’ and
students’ work that they did on the board was not visible in the video recording. For

these works, the researcher’s field notes were used.

Table 3. The data collection process

Events Date

Selection of participant May, June, July, and August 2018

The participants were introduced to each 9 January 2019

other

The discussion about teaching the area of 13 Mach 2019

the circle
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Table 3. (continues)

The discussion about teaching the area of 20 March 2019

sector

The first observation of Efe (Teaching the 29 April 2019
area of the circle)

The second observation of Efe (Teaching 6 May 2019
the area of the sector)

The first observation of Ali (Teaching the 14 May 2019
area of the circle)

The second observation of Efe (Teaching 21 May 2019

the area of the sector)

3.4. Data Analysis

The qualitative data analysis includes steps; organizing and preparing raw data for
analysis, reading through all data, coding the data, forming themes and descriptions,
interrelating the themes/descriptions, and interpreting the meaning of
themes/descriptions (Creswell, 2007 ). In the literature, many different analysis
methods were used in the analysis of qualitative data. In this study, discourse
analysis and content analysis were used together. Content analysis technique enables
researchers to work on human behavior indirectly (Fraenkel et. al, 2012). Discourse
analysis is a linguistic approach and it focuses on the language of the speech
(Merriam and Tisdell, 2015). To analyze the pre-instruction group discussion video
records, an adapted version of the MQI framework was applied as an analysis
framework. However, the MQI 4-point version was developed to score instructions.
Therefore MQI 4-point version was adapted to score group discussions. Instructions
video records were evaluated, arranged, and interpreted according to the MQI
framework components and sub-components, constituting the study's theoretical

framework. Findings were supported by narratives and direct quotations.

3.4.1. MQI as an Analysis Framework

As the Mathematical Knowledge for Teaching framework (Ball et.al., 2008) started

to be used widely to measure teacher knowledge in mathematics, the researchers
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wanted to know how and to what extent the teachers translate their knowledge into
classroom instruction (Hill et al., 2008). To meet this need, many classroom
observation protocols were developed. MQI is one of these classroom observation
protocols. MQI is used to evaluate instruction processes around the three interactions
as illustrated in the instructional triangle; teacher-student relation around the content,
teacher-content relation, and student-student relation around the content (Santagata
& Lee, 2021). MQI is a mathematics-specific framework and aims to evaluate
content-focused aspects of mathematics instruction (Charalambos & Litke, 2018).
The development process of MQI is iterative, and since its first development, many

versions of the MQI have been released (Charalambos & Litke, 2018; Santagata &

Lee, 2021). The current version of it contains four main dimensions and twenty sub-

dimensions.

Table 4. MQI Dimensions

Richness of Working with Error and Common Core Aligned
Mathematics Students and Imprecision Student Practice
Mathematics
-Linking Between | -Remediation of -Mathematical -Students Provide
Representations Student Errors and | Content Errors Explanations
-Explanations Difficulties -Imprecision in -Students Mathematical
-Mathematical -Teacher Uses Language or Questioning and
Sense-Making Student Notation Reasoning
-Multiple Mathematical -Lack of Clarity in -Students
Procedure and Contributions Presentation of Communicate about the
Solution Ways -Overall Working Mathematical Mathematics of the
Pattern and with Students and Content Segment
Generalizations Mathematics -Overall Error and -Task Cognitive
-Mathematical Imprecision Demand
Language -Student Work with
Overall Richness Contextualized
of Mathematics Problems

Overall Common Core
Aligned Student

Practice
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The score each item, a 4-point scale (Not Present (NP), Low, Mid, High) is used. For

an overview of the MQI domain and coding protocol see Appendix A.

The MQI was developed to measure the mathematical content-related work that
teachers do with students during instruction (Center for Education Policy Research,
2023). This study aims to analyze, the quality of mathematics instruction in middle
schools using the MQI framework. Two lessons of two middle school mathematics

teachers were analyzed using the MQI framework.

3.4.2. Adaptation of MQI to Analyze Group Discussions

Teachers’ Mathematical Knowledge for Teaching (MKT) is an important
characteristic of teacher quality, and it is expected that high Mathematical
Knowledge for Teaching results in high-quality instruction. However, only looking
at teachers’ MKT is not enough to understand the quality of the instruction. The MQI
framework, which helps to understand what the teacher and the students do around
the content, is a tool to measure instructional quality. The MQI framework is
developed to use analyzing video-record of the instruction. However, this research
also aims to evaluate the quality elements of the instruction that teachers focus on
while talking about instruction. For this reason, by referencing the MQI 4-point scale
and the works of Hangiil (2018) and Strand (2016) the following scoring protocol
was developed to analyze group discussion. Hangiil investigated the knowledge
source of the teacher educators about the quality of mathematics instruction. Teacher
educators watched a 27-minute mathematics instruction and took notes. She
interviewed teacher educators about the mathematical quality of instruction. She
analyzed data using the MQI framework. The MQI Framework was originally
developed to analyze video records of the instruction. To analyze teacher educators'
notes and interviews through the lens of the MQI framework, she developed three
criteria; depth, consistency, and non-direct use. Strand (2016) conducted a ten-week
professional development program and investigated intermediate-grade teachers’
MQI-related noticing. To analyze teachers’ speech with the MQI framework, she
developed a five-level noticing framework. Level 0 is the non-noticing level. Level 1

is defined as noticing mathematics. Level 2 is defined as noticing other features of
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instruction without evidence and Level 3 is defined as noticing other features of
instruction with evidence. Level 3 is defined as noticing mathematical features of
instruction without evidence and lastly, Level 4 is defined as noticing mathematical
features of instruction with evidence. With the help of related literature, the MQI 4-

Point scale was adopted to analyze the speech of teachers.
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3.4.3. Data Analysis of Pre-Instruction Group Discussion

The researcher asked participants to come together and discuss the teaching area of
the circle and the area of the sector. Teachers shared their experiences how they
teach these contents and why they used some specific methods. They also gave
information about their students’ understanding, difficulties, achievement levels, and
classroom profiles. The group discussion was video recorded and transcribed by the
researcher. Group discussion videos were analyzed using the adopted version of the
MQI instrument. The teachers' speech was coded according to MQI categories. Then,

their sharing was categorized according to the MQI 4-Point scale.

3.4.4. Data Analysis of Instruction Videos

The instructions were video recorded and transcribed by the researcher. Each lesson
was divided into 7-minute segments. Each segment was scored independently using
the MQI 4-Point scale. After watching each segment, a score was assigned for each
item listed in Table 2. To score the lessons, the MQI 4-point scale is used (See

Appendix A)

3.4.5. Trustworthiness

Yildirrm and Simgsek (2013) stated that validity and reliability are important for
qualitative studies and there are some measures to keep validity and reliability high.
To avoid the effect of came presence on the instruction data, the researcher started to
visit the classrooms three weeks before the data collection. The environment in
which the study is conducted is important to interpret the data. The environments of
the school are described in the study to increase the validity and reliability of the
research. During the data collection, the data collection was not limited to one
method. The group discussion and instruction videos were used to collect data about

the mathematical quality of instruction.

Hill et al. (2012) indicated that the MQI is sensitive to the rater quality. Therefore, I
completed the training provided by Harvard University (2023). To calculate the
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inter-coder reliability in qualitative research, at least %10 of the data should be
scored by different coders (MacNealy, 1999). The % 10 (2 segments for each
instruction) of the instruction segments will be scored by a MQI certificated rater.
Then two raters came together and reconciled their scores. They discussed the

divergent ratings to generate a consensus about the quality of instruction.

3.4.6. The Researcher's Role

Qualitative research is interpretive research and researchers may reflect their bias,
values, and culture in the interpretation of the data (Creswell, 2007). Therefore,
defining the researcher's role is important for qualitative research (Merriam, 2009).
In qualitative research, trust between the researcher and the participants is important.
After I selected my participants, I stayed in contact with them until the start of the
data collection process. I conducted interviews data at the campus area of a
university. All participants were familiar with the campus area. I designed the room
where the interview took place for privacy. I introduced teachers to each other almost
one month before the data collection, and they talked informally. I wanted them to
know each other, trust each other, and be willing to share information about their
instruction. During the interview I only asked questions to start the discussion “How
do you introduce the area of circle? What are the key points of this topic? What is the

most difficult part of this content for students?”.

The second data source was the classroom videos. I was in the classroom as a
nonparticipant observer. To avoid the effect of the video on the research data, I
started my video record three weeks before the data collection. I observed two or
four lesson hours of in each week. When the actual data collection processes the

teacher and students got used to my presence.

3.4.7. Ethical Issues

The official permission from the Applied Ethics Research Center at Middle East
Technical University (METU) was obtained before the data collection. The approval

form of the Human Subjects Ethics Committee is given in Appendix B. I also applied
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to the Ministry of National Education to collect data from middle school. The
approval of the Ministry of National Education is given in Appendix C. Before
conducting the group discussion, I informed participants personally about the aim of
the study and data collection process. I gave an informed consent form, and they
reported their voluntariness. To hide the identity of teachers and students, I used
pseudonyms instead of their real names. In the next chapter, the findings of the study

will be shared.
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CHAPTER 4

FINDINGS

This study aimed to examine the quality of mathematics instruction in middle school
classrooms by observing how the teachers approach mathematics education through
the lens of the Mathematical Quality of Instruction (MQI) framework. Data were
gathered from group discussions and video recordings of instructions. Three middle
school mathematics teachers participated in group discussions. Lessons of two
mathematics teachers were video recorded. Instructions of one participant were not

available for video recording.

This chapter summarized the current study's findings in six main sections and related
sub-sections. In the first and second sections, a summary of group discussions was
presented, and then the group discussions were analyzed using the adopted MQI
framework. The MQI scores were given with evidence from teachers’ speeches. In
the remaining sections, the lessons of teachers were analyzed. Firstly, the
mathematics instruction of teachers was described. These narratives of lessons are
used to peek inside the world of instruction of two teachers during four lessons. Each
lesson was viewed through the lens of the MQI framework. Using MQI lenses to
analyze lessons allows researchers a broad point of view of effective teaching. The
MQI framework describes the essential dimensions of qualified mathematics
instruction under four main dimensions: Linking Between Representation, Woking
with Students and Mathematics, Errors and Imprecision, and Common Core Aligned

Student Practice.

4.1. Pre-Instruction Focus Group Discussion: Teaching Area of Circle

The researcher asked the teachers to come together and discuss how they teach the

area of the circle. The teacher explained their own instruction and commented on
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each other’s applications. Group discussion aimed to collect more data about the
teachers’ classroom application and the quality of mathematics instruction.

Therefore, a narrative of the group discussion was given before the MQI scores.

The discussion lasted one hundred minutes. They first talked about how they
introduced the area of the circle. All participants said he used an interesting task or
real-life problem to gather the attention of the students. Then, they discussed the
questions they solved. Of course, the teacher sometimes discussed mathematical
content other than the area of the circle. They gave examples from their teaching
practice and commented on each other’s ideas. The teachers shared their knowledge

and experiences.

The teacher talked about how they introduced the area of the circle. Efe said he used
signals from a base station or played a marble game to show a circular region. He
explained the aim of the game. Ali said he used the sheep problem. However, Ali
also indicated that using the current trend of students would be more attractive for
them. He said he sometimes used computer game examples to introduce
mathematical content. The game PUBG could be used to introduce the area of the
circle. Efe and Yusuf said they did not know much about the game. Ali explained
how the game was constructed, and they discussed how it could be integrated into the

instruction.

Yusuf said he used dynamic geometry software GeoGebra or manipulatives to show
the relation between the area of the circular region and the rectangle. Yusuf
explained how to use manipulatives to make sense of the area of the circle. He said
the circular region was divided into sectors and rearranged to form a parallelogram or
rectangle. Efe had difficulty understanding the relation between the area of a
rectangle and a circle. Yusuf explained to Efe that the rectangle's height equals the
radius, and the rectangle's base equals half of the perimeter. Therefore, the area of the
rectangle would be equal to the multiplication of the radius by half of the perimeter,
that is, r. wr. He said to make the learning permanent; the students could cut
cardboard circles into sectors and rearrange them. However, Efe objected to cutting

the cardboard circles and offered to watch the video of the process from EBA TV.
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Efe said he used regular polygons while introducing the perimeter and the area of the
circle. He said, “I draw squares both inside and the outside of the circle and calculate
the perimeters and areas of the squares. The circle's perimeter is smaller than the
perimeter of the outside square and bigger than the perimeter of the inside square.
Then, I draw a hexagon both inside and outside of the circle. The circle's perimeter is
bigger than the perimeter of the inside hexagon and smaller than the perimeter of the
outside hexagon. The area of the hexagons is closer to the area of circles than the
area of the squares.”. He said if he drew a regular polygon with one hundred sides,
then the area and perimeter of the polygons would get closer to the area and

perimeter of the circle. He indicated that he used this method to show the value of the

pi.

Ali showed the picture of a square, a parallelogram, and a circle drawn on a grid
paper. He said he asked the students which area was the biggest. Efe commented on
Ali’s idea. Efe said the answer to the question of which area was bigger was self-
evident. Asking to calculate the area of the polygons was more challenging because

the students could not find the area of the circle by counting the squares on grid

paper.

Yusuf said he asked the students to draw a rectangle. Students drew a standard
rectangle, and Yusuf drew a square and said it was a rectangle. He continued the
instruction and asked the students to draw a parallelogram, and the students drew a
common parallelogram. He drew a rectangle and claimed it was a parallelogram, too.
The students objected to his ideas by claiming that he was wrong. He said he drew a
table, wrote down aspects of each polygon, and asked students if a square met the
elements of a rectangle. The teachers discussed definitions of trapezoids and
polygons. They focused on the deficiencies of definitions given in the textbooks.
They drew some figures and debated if they were polygons or not. Efe claimed that
some definitions were problematic because of the Turkish language. He said

definitions in mathematics textbooks should be updated after careful work.

Efe said students mostly asked what the pi was when introducing the circle. He said

when the teacher wrote down the perimeter formula” 2ar”, the students memorized
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the formula. By solving more exercise questions, the learning became permanent.
But the question “What is the pi?” continued to occupy students’ minds. Therefore,
they decided that making sense of pi was an essential part of the teaching circle.
Yusuf spoke of an activity that he used. The students draw a square, fill it with many
dots, and count the number of dots. They draw the inner tangent circle of the square
and count the dots inside of the circle. Lastly, they divide the number of dots inside
the circle by the number of total dots inside the square and multiply it by 4. The

result is close to the number pi.

They discussed the pi. Efe said pi could not be represented as a simple fraction if pi
was an irrational number. However, we define the pi as the ratio of the circumference
of any circle to its diameter. He explained that the circumference and diameter value
did not have to be an integer, and the ratio was not a simple fraction. Efe explained
how he make sense of pi. He asked students to find a number whose square equals 5.
The students offered to calculate squares of 2.5,2.4,2.3, and 2.2. He said they
performed the multiplications and saw the square of none of these numbers was
equal to 5. In this way, students realize there are numbers whose exact value cannot
be written as a rational number. Yusuf said the students in his seventh grade cannot
perform multiplication with decimals. Also, some students could not perform four
basic operations. Yusuf said making sense of the pi this way was impossible in his
classroom. Ali agreed with Yusuf and said seventh-grade students in his school also

had difficulty performing multiplication with decimals.

Teachers said they started to solve questions by application of the area formula of the
circle. In these questions, the radius of a circle was given, and the measurement of
the area of the circle was asked. Then, they moved to the questions where the
perimeter measurement was known, and the measurement of the area was asked.
They talked about the questions that the measurement of the circle’s area was given,
and the radius of the circle was asked to find. Lastly, they said they used questions
requesting the difference between the area of a square or the area of a rectangle and
the area of the circle inside them. Ali and Efe said they used half and quarter circles
while solving questions related to the area of the circle. Yusuf said he did not use

half or quarter because the students did not know how to calculate the area of sectors.
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Ali said some students in seventh-grade classrooms cannot perform multiplication of
2. Efe said he generally used contextualized problems in his instruction and
mentioned two contextualized problems that he used. The first was a painting

problem, and the second was a dart game problem.

They talked about how students perform operations without reading and
understanding the context of the problem. Efe said some students do not understand
the meaning behind the mathematical procedures and only do calculations. Ali said
some of his students performed division or multiplication, which was not asked in
the question. He mentioned some students missed the first step of problem-solving,
which is understanding the problem. They discussed the importance of examining the
meaning of operations to avoid misuse of the operations. However, it was not

detailed.

Efe mentioned that students had difficulties solving probability questions that
required finding areas. He said since students did not understand the meaning of area,
they faced trouble in the following years. This difficulty is not evaluated in this

research.

The video recordings of group discussions were analyzed using the adopted MQI
framework. The teachers’ speeches were analyzed in detail, and their explanations
were scored under the related MQI dimension. The findings of the MQI are

presented with evidence.

4.1.1. Findings Related to MQI

The classroom applications were highly related to teachers’ knowledge (teacher
knowledge about the content, teacher knowledge about the student, teacher
knowledge about the teaching, and teacher knowledge about the curriculum) (Ma,
2010), and the MQI framework includes teacher knowledge. The teacher's
knowledge of the content is scored in Richness of Mathematics and Errors and
Imprecisions dimensions. If the teacher knows the content he teaches, his instruction

generally gets high scores in the Richness of Mathematics dimension and low scores
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in the Errors and Imprecisions dimension. Therefore, the teachers' explanations about
the content were scored under the Richness of Mathematics dimension. The Working
with Students and Mathematics dimension is highly related to the teacher’s
knowledge about the content and student. Since the Working with Students and the
Mathematics dimension focus on the teacher-student interaction around the content.
The teachers’ explanations about student difficulties, student errors, and how they
use student contribution during instruction were scored under the Working with
Students and the Mathematics dimension. The teachers’ explanations about students’
possible explanations, students’ possible questions and reasoning (it is related to
teacher knowledge about the content and students), and the problems and tasks used
during instructions (teacher knowledge about the content and teaching) were scored

under the Common Core Aligned Student Practice dimension.

Teachers’ group discussion was analyzed according to the adopted MQI rubric. For
the Richness of Mathematics dimension, Linking Between Representations,
Explanations, Mathematical Sense-Making, and Mathematical Language were
scored. No evidence related to the dimensions of Multiple Procedures and Solution

Methods and Patterns and Generalization were observed.

Only two instances achieved a score for Linking Between Representations. The
Linking Between the Representations dimension focuses on the link between
different representational families. The link between the representations of the same
families is not counted as a link. Yusuf mentioned using manipulatives to introduce
the area of the circle. Also, in geometry courses, the shape does not count as a
representation. Therefore, the link between the formula (symbolic representation)
and the shape (pictural representation) was not scored as ink between
representations. He explained how to use manipulatives to make sense of the area
formula of the circle. Yusuf explained how to relate a rectangle's area with the
circle's area. Students cut the cardboard circle into identical sectors and rearranged
rectors to form a rectangle. When the number of sectors increased, the rearranged
shape would look like a rectangle. Students would realize that the area of the
rearranged shape could be calculated by multiplication of base and height, which

were equal to half perimeter and radius, respectively. They discussed it further, but
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the application of manipulatives in the classroom was not discussed in detail.
Therefore, it scored as “Mid.” The other idea came from Ali. He said forming a
circle by arranging identical triangles helped make sense of the area formula. His

idea was not discussed and scored as “Low.”

The teacher knew the area formula of the circle and the definition of the pi. For the
Explanation dimension, only one instance was scored. Efe talked about how he
explained why pi was an irrational number and how he made sense of the irrational
number. They discussed the pi for a long time. Efe said “Pi is an irrational number.

However, they define pi as the ratio of the circle’s perimeter to the circle’s diameter.

circle'sperimeter

Is it a contradiction? Since when we write the ratio , wWe write it as 3.”

circle'diameter

Yusuf and Ali confused for a few minutes. Then, they said the circle’s perimeter of
the circle’s diameter did not have to be an integer. Pi is a ratio, but it is not a simple
fraction. The teachers’ discussion about Mathematical Sense-Making can be
grouped under two main headings: making sense-of-area formula of the circle and
making sense of the pi. All three teachers told the methods they used to make sense
of the area formula. Yusuf said he distributed circular cardboard to students.
Students cut the cardboard into sectors and rearranged sectors to form a
parallelogram. Students realized that when the number of sectors increases, the
rearrangement of the sectors more looks like a rectangle. Then, students tried to
calculate the area of the rectangle and discovered the relation between the rectangle
and the circle. The area of the rectangle was equal to the multiplication of the radius
and half the perimeter of the circle. Efe said, he did not know this method and Yusuf
explained to Efe why the area of the rectangle was equal to the multiplication radius
by half perimeter. Yusuf explanations were detailed and scored as “High”. Ali said,
he also used Yusuf's method to make sense of the circle’s area using dynamic
software, GeoGebra instead of manipulatives. He did not explain how he used it. So,
it was scored as “Low”. Efe’s method approximates the area of a circle by using
regular polygons. Efe explained how he used the regular polygons. However, he did
not talk about the process that students went through. So Efe’s explanation scored as
“Mid” for mathematical sense-making. Ali talked about how he used polygons drawn

on a grid paper and asked students to compare the area of these polygons with the
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area of the circle. Students faced difficulty comparing the polygons’ area with the
circle’s area. Ali’s explanation was not detailed, so scored “Low”. Efe developed
Ali’s activity and claimed that asking about the value of the areas instead of
comparing them would be more challenging for students. Students could not find the
value of the circle’s area by counting the unit square. As a result, they would realize
counting unit squares was not an appropriate method for calculating the circle’s area
and needed another solution way to find the circle’s area. Efe’s explanation was

detailed and scored “High” for Mathematical Sense-Making.

Yusuf explained the activities that they used to make sense of the pi. Yusuf talked
about an activity in which students drew a square and filled the square with ordinary
dots. Then, they drew the inner tangent circle of the square. Students counted the
dots inside the circle and the total dots inside the square. Yusuf said the ratio of the
number of total dots to the number of dots inside the circle was close to the value of
pi. However, this activity was not meaningful to making sense of the pi, and scored
as “Not Present”. Efe said ““ I generally ask students to find a number whose square is
equal to 5. Students tried to find a number and approximate the 5. For a while they
realized that finding such a number was not possible.” Students understood that some
numbers square root could not be found in the set of rational numbers. They would
realize that irrational numbers existed. His explanation was detailed and scored
“High” for Mathematical Sense-Making. Ali did not talk about how he presented the
pi. The teachers used mathematical language correctly and effectively. No floppy use

or error was observed.

For Working with Students and Mathematics dimension, Remediation of Student
Errors and Difficulties, and Teacher uses Student Mathematical Contribution were
scored. Yusuf and Ali mentioned possible student difficulties and errors. Ali said his
students would confuse the area and perimeter formula, and face difficulty operating
with r2. Yusuf agreed with Ali and said his students would face the same difficulties.
Efe also said some students perform operations with a given number without
understanding what the problem asks for. The other teachers agreed with Efe and
said they had such students. The teacher knew their students' possible errors and

difficulties related to the content but they offered no remediation. Therefore, for the
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Remediation of student Error, they scored “Not Present. Efe talked about how
students contribute to the lesson and how he uses student contribution to develop
mathematics and it was coded as “Mid”. When students were asked to find the square
root of 5, they would try to approximate the 5. The teacher helped students to

understand that some numbers were not rational.

All sub-dimensions of CCASP were scored at least once. For Student Provide
Explanation only Efe mentioned how students provided explanations about which
circle was bigger. Efe claimed students would answer “Arae of this circle is bigger
because it covers more space or this circle is bigger because its circumference is
bigger.” It was scored as “Low” because the explanations were brief. Only Efe
mentioned Student Mathematical Questioning and Reasoning and Student
Communicate about the Mathematics of the Segment while he was explaining how
he made sense of pi and his explanation scored “Mid”. He mentioned some
substantive contributions of the students. Students tried to find the square root of 5
and tried to challenge the teacher. For Students Work with Contextualized Problems
all three teachers offered examples of problem context. Ali said he generally used a
sheep problem. A sheep was tied to a fence and the problem asked to find the area of
the field where the sheep could eat the grass. However, Efe said its context was not
attractive for students living in the city center. They did not discuss it further and
scored “Low”. Ali’s second context suggestion was using a computer game that was
popular among students. He said it was very remarkable for students. Ali said he
sometimes used computer game problems and students showed great interest in these
problems. They discussed how the computer game PUBG could be used effectively
to attract the attention of students and to present the topic of the circle’s area. They
talked about this context for a long and scored “High”. Yusuf mentioned that
creating a problem using a traffic radar working system was related to students’ daily
life and he sometimes used traffic radar signals to show the circles in real life. It was
not detailed and scored “Low”. Efe talked about more than one context. He said he
generally brought marbles or darts to the classroom and planned a game. For the
marble game, Efe asked students to draw a circle on the ground and asked students in
which circle the possibility of stopping the marble is the biggest. Students discussed

the size of the circle and provided evidence about which circle was bigger. For the
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dart game, he brought a dart and asked students about the possibility of shooting
which area was the biggest. Students discussed the area of the segment and circle.
they explained which area was bigger and why. His real-world applications were

detailed and scored “High”.

The only dimension that was not scored is Errors and Imprecision. The teachers
made no content errors. They used mathematical language precisely. They discussed
mathematical content and commented on each other’s ideas. The scores of

dimensions and the evidence are given in Table 6, Table 7, and Table 8.

4.2. Pre-Instruction Group Discussion: Teaching Area of Sector

The researcher asked the teachers to come together and discuss how they teach the
area of the sector. The teachers gave examples from their teaching practice and
commented on each other’s applications. The discussion lasted seventy minutes.
Group discussion aimed to collect more data about the teachers’ classroom
application and the quality of mathematics instruction. Therefore, a narrative of the

group discussion was given before the MQI scores.

The teacher talked about how they introduced the area of the sector. Yusuf and Ali
said they used half and quarter relations. That is, they first asked about the area of a
half circle and a quarter circle. Then they related half and quarter with the central
angle of sectors. They said they used one-sixth of the circle and related it with the
central angle. Efe said he generally used a problem in a real-life context to attract the
attention of the students. He indicated that a pizza problem or a cake problem best fit
the content. Ali said he used a wheel of fortune problem. Efe developed the idea of
Ali and said painting a wheel of fortune context could be used. They talked about
how to write a painting problem that could help them to introduce and develop
mathematics. Teachers discussed that if they should use one or two wheels of fortune
with different sectors of different sizes. They discussed that the central angle of the
sectors on the Wheel of Fortune should be different than 60, 90, or 180 since students
should understand the need for a central angle to find the area. If they could find the

area with direct proportion, they did not realize the need for the central angle. Efe
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said the student should understand the relation between the central angle and the

area. They talked about painting a wheel of fortune problem in detail.

Efe said he first asked about the area of the sector to make students think about how
the central angle was related to the area. He first gave the total area of the circle and
asked for the area of a sector. He expected students to realize the ratio between the
central angle and the area of the sector. However, Yusuf remarked that students in
his classrooms would face difficulty in relating 360 degrees with the total area of the
circle. So, Yusuf said he used half and quarter circles to show the relation between
the central angle of a sector and the area of the sector. He claimed that if he used a
sector with an unknown angle, students could not interfere and that they needed an
angle to calculate the area of a sector. Ali agreed with Yusuf and claimed his
students would also face difficulty relating the central angle and the area. Efe
objected to Yusuf’s idea and using half, quarter, or one-third of the circle may cause
overgeneralization. Students would try to find a ratio between the circle’s area and
the sector’s area and miss the main point of area calculation. Ali said he divided the
circle into identical sectors, gave the measurement of the circle’s area, and expected
students to realize the ratio between the total area and the sectors’ area. Efe said Ali’s
method was similar to Yusuf’s method. They continued to discuss the relation
between half and quarter with the central angle. Efe said students started to use area
models or real-life examples to express half or quarter in grade two. However, in the
classroom, this area model never related to the central angle. So, students faced
difficulty while making connections. Yusuf insisted that his students would better

understand if he used half and quarter sectors at first. Ali agreed with Yusuf.

Efe said they would cover the length of the arc before the area of a sector. While
calculating an arc length, they would use the central angle. When they were working
on the area of the sectors, students would remember their previous learning.
Therefore, students would make the connection between the area of the sector and its
central angle. Ali and Yusuf said their students would not relate their previous
learning and the area of the sector. Ali and Yusuf claimed their students would
realize the relation between the central angle and the sectors’ area after introducing

the half, quarter, and the sectors with a central angle that was proportional to 360
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degrees. Teachers agreed that the students would realize the direct proportion

between the central angle and the area of the sector.

They agreed on the sequence of the questions. They said they first solved the
question with direct proportion, then they introduced the area formula of the sectors.
They said they solved some questions that required the application of the formula,
and it was important to memorize and remember the formula. Efe said he used a third
method to solve the question which was dividing the total area by 360 and
multiplying the result with the central angle. Yusuf agreed with Efe saying he was
using this method frequently. Yusuf indicated that telling students the relationship
between the total area and a unit of angle helped students to understand the meaning
of the area of sectors. Efe mentioned a difficulty. If the total angle of the circle was
not divisible by 360, students faced difficulty in performing the operations. Efe

offered to reduce the division and multiply the central angle with a fraction.

Efe talked about how he introduced the pi. He said he first asked students to find a
number whose square equals 36. Then he asked to find the number that’s square
equals 7. In this way, students were convinced of the existence of the irrational
numbers. Efe mentioned the computer in Japan that was calculating the value of pi.
He said they watched a video about the men who memorized and recited digits of the
pi. In this way, the teacher claimed students’ curiosity about mathematics increased.
He also added that if he realized a student’s lack of knowledge related to the previous

learning, he spent class time to compensate for their previous learning.

4.2.1. Findings Related to MQI

The classroom applications were highly related to teachers’ knowledge and teachers’
knowledge affects the quality score of their instruction. If the teachers know the
content that they teach, the instruction segment generally receives a “High” score for
the Richness of Mathematics dimension and a “Not Present “or “Low” score for the
Errors and Imprecision dimensions. The selection of tasks and order of presenting
tasks is affected by teachers' knowledge of content and teaching. Also, teachers try to

select attractive tasks for students. Using appropriate tasks or problems is related to
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teachers’ knowledge of the content and students. Therefore, teachers’ explanations
that showed teachers’ knowledge were scored under the related MQI dimension. For
example, the teacher explained why the area formula of the sector includes the
square of the radius. This explanation showed the teacher’s knowledge of the
content, and it was scored under the Explanation and Mathematical Sense-Making

dimensions.

Teacher group discussion was analyzed according to the adopted MQI rubric. For the
Richness of Mathematics dimension, Linking Between Representations,
Explanations, Mathematical Sense-Making, Multiple Procedures and Solution
Methods, and Mathematical Language were scored. All participants knew the area
formula of sectors. Therefore, they discussed how to introduce the topic. They
commented on each other’s application and tried to find the best way of presenting
the topic. No evidence related to the Patterns and Generalization were observed.
There was only one instance scored for Linking Between Representations and it
received a “Mid” score. Efe mentioned the area model of fractions and the symbolic
representation of one-fourth. He said that the area model was never connected to the
central area of a circle. Also, for Explanations, only one instance scored. Yusuf

explained why a given sector was half of a circle by using central angles.

Teachers were very determined to make sense of why a central angle was needed to
find the area of the sectors. They talked about more than one way to make sense of
the area of a sector. Yusuf and Ali said they used half and quarter circles to
construct student knowledge on their previous knowledge. Students would realize a
half circle had a 180-degree central angle and its central angle was half of the whole
angle. Ali and Efe’s activities scored as “Mid”. Efe said he did not write the central
angle of sectors to make sense that the central angle was necessary to find the area of
a sector. He insisted that if students used the relation between the central angle to
find the sector’s area, they would overgeneralize it and try to find the area of all
sectors using the relation between the central angles. While finding the area of the
sector with a central angle like 70 degrees, using the relation between the numbers
would be challenging. Efe’s explanation about his instruction was scored as “High”.

Efe also said he wanted students to compare the area of sectors t without calculating
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the exact value of areas to show the relation between the central angles and the area
of sectors, and it received a “Mid” score. Teachers were careful about the use of

mathematical terms and Mathematical Language scored “Mid”.

For Working with Students and Mathematics dimension, Remediation of Student
Errors and Difficulties, and Teacher uses Student Mathematical Contribution were
scored. The teachers knew the content and their students. Yusuf and Efe mentioned
possible student difficulties and errors. However, their ideas about students’ possible
errors and difficulties were different. Yusuf claimed that his students would face
difficulty in connecting the total area of a circle and the 360-degree central angle. Efe
said it was obvious for his students. Yusuf also said that his students would not
realize the direct proportion between the central angle of a sector and its area. Efe
indicated that the students would remember how they found the length of an arc and
they would offer to use direct proportion as they did when finding the length of an
arc. To remediate the students’ errors and difficulties, Yusuf said they started with
half and quarter circles. Efe pointed out a procedural difficulty that the students face
difficulty finding the area if the total area was not divisible by 360. For
multiplication like this, he offered to reduce the fraction and then multiply the central
angle with the fraction. Teacher uses Student Mathematical Contribution scored
once. Efe said students would connect the finding length of the arc to the finding of
the area of the sector. He said he constructed the direct proportion method on this
student's explanation and scored “High”. Yusuf and Ali said students would realize
the direct proportion between the central angle of the sector and the area of the

sector. Both instances scored as “High”.

All sub-dimensions of Common Core Aligned Student Practice (CCASP) were
scored at least once. For Students Provide Explanation all three teachers talked about
some student explanations. Efe said students would provide an explanation about
why the area of a sector was bigger than the area of another sector. His explanations
were detailed, but he did not mention how he used student contribution to develop
math, and it was scored as “Mid”. Ali and Yusuf talked about student justification of
the relationship between half or quarter and the central angle. Ali claimed that to

compare the area of sectors with an unknown central angle, students would reference
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the area of half and the area of the quarter. The teacher used this student's
contribution to explain why a central angle was needed to find the area of a sector.
Ali’s explanations scored “High". Yusuf said students would explain why a quarter is
one-fourth of a circle using the central angle. He said he used this student

explanation to introduce the area formula of the sector and scored as “High”

Yusuf and Efe mentioned Student Mathematical Questioning and Reasoning
(SMQR). They shared their experience related to students’ explanations about the
proportion between the central angle and the area of a sector. According to Yusuf,
only a few students could realize the relation between the central angle of a sector
and the area of it. His explanation was not detailed and developed and scored as
“Low”. Efe claimed students would refer to their knowledge about the length of the
arc. Students would use their previous knowledge to reason the area of sector. Efe
said students could provide some explanation about the area of sectors. Ali also said
students would compare sectors with a half or a quarter to decide which one was

bigger. Efe’s and Ali’s explanations scored “Mid”.

All three teachers’ sharing about student contributions scored for Students
Communicate about the Mathematics of the Segment dimension. They talked about
some brief student contributions and some substantial student contributions. Ali and
Efe talked about how students could compare the area of the sector without
calculating the value of areas. Ali said they would use half and quarter circles as
references. Efe said they could provide explanations using sectors’ perimeter or
radius of circles. Ali and Efe’s explanations received a “Mid” score. Efe also said
students could remember their learning about the length of the arc and explain that
the central angle could be used to find the sector’s area. His explanation was scored
as “High”. All three teachers agreed that students could realize and provide an
explanation about the ratio between central angles of sectors and the area of sectors
after some examples with central angles like 90 degrees, 180 degrees, and 60

degrees.

For Students Work with Contextualized Problems all three teachers offered examples

of problem context. Ali said he used a pizza or a cake problem to attract the attention
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of students. Yusuf said he was using pizza problems, too. Ali said he used Wheel of
Fortune context. They discussed on Wheel of Fortune problem for a long time. All
these three problems scored as “Low” because they were not discussed in detail. Efe
developed Ali’s Wheel of Fortune problem and offered to use it as a panting
problem. The teachers discuss how to ask a painting problem to support student
learning. Therefore, this discussion was scored “High” for the Students Work with
Contextualized Problems dimension. While introducing the content, they used
contextualized problems which were highly cognitively demanding problems. After
introducing the content, they started to solve questions. The questions they claimed
that they solved were low-level cognitive demanding tasks.

For the Task Cognitive Demand dimension, the contextualized problems and
exercises that teachers offered were scored. The cake problem of Yusuf received a
“Mid” score. Ali said he used identical sectors to introduce the area of sector. Efe
and Yusuf objected to him and claimed using identical sectors would not help
students understand the area of sectors. Ali’s task was received a “Low” score. The
painting problem that the teacher discussed received a “High” score. The painting
problem required students to understand that a central angle was needed to calculate
the sector’s area. It also required students to provide explanations about their
solutions. Yusuf and Ali insisted on using two Wheel of Fortune in the problem
context. They claimed using half and quarter would help students understand the area

formula of the sector more easily.

The only dimension that was not scored is Errors and Imprecision. The teachers
made no content errors. They used mathematical language correctly. The scores of

dimensions and the evidence are given in Table 9, Table 10, and Table 11.

4.3. First Observation of Ali: Area of Circle

The first observation of Ali’s lesson took place while he was teaching the area of
circle and it took place in the seventh-grade classroom. The lesson was videotaped
and the researcher was in the classroom as a passive observer. The observation
process lasted for two consecutive lesson hours because covering the objective of the

area of the circle lasted two hours. His 7th-grade class was composed of boys
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because the school was imam-hatip middle school. Therefore, girls and boys receive
education in separate classrooms. 26 students registered in this classroom. 4 students

were absent on the day of observation.

4.3.1. Summary of the Lesson

The instruction started on time. Only one and a half minutes were spent before
starting instruction. This time was spent greeting the students and opening the smart
board. Ali started the lesson by informing students of the lesson's objective that they
would learn how to calculate the area of a circle. He showed a map on the smart
board. The students said it was a map of a computer game. Almost all of the students
have known the game. Ali said there are different circular regions in this game and
these regions are called “safe areas”. Ali showed two circular regions on the map
asking students which area would they prefer to hide. Some students answered all

together as “the bigger one”.

Ali: By saying bigger one, what do you mean?
Ufuk: The one with a big diameter.
Serdar: The one with a big circumference.

Ali: What else is bigger when its diameter is bigger?

Students said, its area, circumference, and length are bigger. Then, Ali asked, “How
do we find the area of a circle?”. Some of the students chorused “2.m.r”. Hakan said
“P1 times diameter”. The teacher reminded students that a diameter includes two
radii. Ali turned back to the first question and asked again which area they would
prefer. Ufuk said he would choose the one with a bigger area. Ali drew a circle on

the board and showed the map again.

Ali: Why area of this one is bigger? How do you know?
Ufuk: It looks so.
Erdem: It covers more space.

Ali: In where it covers more space?
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Some students answered Ali’s question and said it covered more space on the map.
Serdar said its circumference was bigger. Ali again asked why it had a bigger
circumference. Serdar replied, “It coves more space and it has a bigger radius”. Ali
came up with a discussion “If a circle has a bigger radius will it have a bigger area?”.
The students hesitated and did not answer. Ali directed students that this statement
was true. Then, he asked Cem which one of the circles was bigger. Cem said the one
on the right side is bigger. When the teacher asked the reason, Cem said it had a
bigger circumference. Ali asked, “How do you know it has a bigger circumference?”.
Cem did not answer. No students explained the reason. However, some students just
said “2.m.r” without any explanation. Ali also did not explain the question related to
circumference. He prompted a new question “How can we calculate the area of
circles?”. Serdar suggested adding radii. Ali allowed him to make additions to the
board. Ali just said without doing addition it is possible to see which one is bigger.
Mert suggested finding the circumference first, then multiplying the circumference
by 2. Ali asked what they expected to find at the end of this operation. Some of the
students claimed the result of this operation is equal to circumference, some others
claimed it is equal to radius. Ali explained the result of this operation is twice the
circumference. Hakan claimed that they could find the area by multiplying
circumference by circumference. Another student suggested multiplying

circumference with pi.

Ali asked again how they calculated the area of the circle. Some students said they
could use a formula. However, Ali reminded them that they did not know the
formula yet. Also, he asked, “How does the formula construct?”. Students did not
answer. Then, he showed a picture of a square and a parallelogram which are divided
into unit squares. He wanted the students to find the area of the square and the
parallelogram. The students said they could calculate area by counting unit squares.
Hakan remained the area formula of the rectangle is “base times height”. Students
suggested finding the area of the circle by counting unit squares. Ali wanted them to
compare the area of the circle and the area of the square. The students did not arrive
at a consensus. Some of them claimed the area of the circle is bigger, some of them

claimed it is smaller and one of the students claimed that they are equal. Kerem said
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the area of the circle is smaller and he drew a square whose sides are tangent to the
circle. He said the circle did not cover the corner of the square. Ali asked how they
found the exact measure of the difference between these two areas. Erdem said, “Do
we divide it by 2?”. Ali answered immediately and drew the diagonal of the square
“Division by 2 is used while finding the area of triangles because when the square is
divided by diagonal, two triangles occur.”. The students said they could find the area
of the square tangent to the circle and the corners of the square not covered by the
circle are four triangles. Ali drew border lines of the left area and showed that one
edge of the side shape is not linear. He said it looks like a triangle, but it is not a

triangle.

Ali split the circle, that he drew on the board, into four equal sectors from the center
by drawing two diameters. He said that the students can think of this circle as cake or
bread. The length of the radius was determined as 5 cm. Some students summed up
the length of 4 radii and said the answer was 20. Some of them said it is not an exact
triangle but they still need to use the area formula of the triangle. Ali suggested
rearranging the sectors of the circle and drawing a new shape that resembles a
parallelogram. Then, he asked for a measurement of the central angles of the sectors.
Some students answered as 5. Ali just warned them not to confuse length and angle.
He did no more explanation about students’ confusion. Then, he asked if the area of
the circle and the area of the new shape of rearranged sectors were equal. Some
students claimed they were the same, however; some students hesitated. Some
students talked at the same time and it showed they are facing difficulty with area
and circumference content. Ali wanted them to define what “area” is. Ufuk said”
place occupied by an object in space” then he corrected himself and said it is the
definition of volume. Ali then explained area is 2 dimensional and defined the area as
“The region occupied by the shape in the plane”. Then, he asked again if the areas of
the two shapes were the same. Some students said the circle has a bigger area
because it seems so. Ali suggested dividing the circle into 8 sectors from the center
and rearranging them. Some students still claimed they have different areas.
Students’ explanations showed that their confusion about area and circumference is
the reason for their claim. Ali split the circle into 16 sectors from the center and

rearranged them. He asked students “What do these three new rearranged shapes
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look like?” Hakan said they look like a rhombus. Erdem said they resemble
rectangles. Ali repeated they resembled a rectangle and asked what would happen if
he split them into infinite parts. He opened a prepared material on dynamic geometry
software, GeoGebra, and showed students what would happen if they split the circle
into more parts and rearranged them. Students chorused that it looks like a rectangle.
Ufuk and Yusuf suggested using the formula “base times height”. However, they had
difficulty explaining what base and high mean for rearranged shapes. Ufuk said they
should use “base times height divided by 2”. He explained that the new shape

includes triangles so they should use the area formula of the triangle.

Ali said the height of the new shape was equal to the radius and asked measurement
of the base. Students said it is equal to the diameter. Mert said it is equal to a part of
circumference but he said he did not know the relation. Ali explained that he split a
circle into 16 pieces and a long side is equal to additions of 8 arc lengths. Then,
students said it was equal to half of the circumference. He asked for the formula of
the circumference and students said “2 times pi times radius”. Ali tried to generalize
the area formula of the new shape but the students’ attention was on numbers. The
students tried to calculate the area of the circle. Ali came up with the conclusion that
the base of the rectangle is equal to “zm times 1. To find the area of the rectangle, he

K1)
T

said they need to multiply height with the base “m times r”. Then students

concluded that it is equal to “z times r*”

. Ali explained that the area of the circle can
be calculated by multiplying half of the circumference by the radius. He calculated
the area of the circle with radius 5 incorporation with students and asked what is unit
of the area measurement was. Some students said it is a cubic centimeter. Ali said it
was a square centimeter and asked students to copywrite the things written on the
board and two and a half minutes passed while the students were writing. Then the

first hour of the lesson ended.

The first five minutes of the lesson were spent while students were copywriting the
things on the board. After the students finished writing Ali asked, “How is the area of
a circle found?”. The students said it is “r square times pi”. Ali asked students how
they got this conclusion, and students reminded them that “r times pi is equal to half

of the perimeter”. Ali concluded that multiplying half of the perimeter with radius
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will give the measurement of the area. He opened two examples on the smart board
to solve. The first one was “ What is the area of a circle with a radius of 6 cm?”. Ali

asked again what the measurement unit of the area was.

Ali: What is the unit of measure? Centimeter, meter, cubic centimeter, or
square meter.

Students all together: Square centimeter.

Ali: Why the area of this is square centimeter?

Murat: When two same units are multiplied the result becomes square.

Yusuf: Because it is two-dimensional.

The students started to talk about the result of the problem and the discussion did not
come to an end. One of the students found a false answer. The teacher asked how he
got the answer. The student explained his solution process and they realized he used
pi two times in the multiplication. Ali highlighted the area formula written on the
board again. After another student explained his solution, the teachers solved the
question using the area formula. Ali asked the question that he asked before “Why
the unit of measure is square centimeter?”. Some students expressed that they did not
understand why the unit of measure is a square centimeter. Ali explained the reason
why the measure of the area is the square unit as it comes from the multiplication of
two radii. However, some students had different confusion about the computing area

of a circle.

Hakan: Why are we multiplying with 3?

Ali: We have already covered the topic pi last week. We discussed what pi is.
Ali also reminded the students what they covered in the first lesson hours and how
they got the area formula using the perimeter of the circle. They solved another
question. In the next question, the diameter of the circle was given. One of the
students used diameter instead of radius. His friend warned him that the diameter
was given not the radius. Ali drew a circle and showed diameter is given as 8 and its
radius is 4. The other question was about finding the radius when the total area was
given. However, some students explained their solution, the teacher noticed that

these students divided the total area by 2.
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Ali: Why did you divide the area by 2?

Hakan: Because it is a square of something.

Some students have different reasons to divide the area by 2. Their explanation
revealed that they confused the area and the perimeter formula of the circle. After
checking the students’ solutions one by one, Ali solved the question interactively
with the students. The next question was about finding the circle's diameter when the
circle's total area was given. Similar to the previous solution process, some students
had problems related to the square of a number. The students asked how they found

the 7 when 1 equaled 49.

Ali: Whichever number we multiply by itself makes 49? The square of a

number means multiplying the number with itself.

To solve the new question, Ali called a student. The teacher wanted the student to
write the area formula which is m.r’. The equation that students needed to solve was
3.r’= 27, but students could not do the procedure. Ali asked a new simple world
question which described the equation that the student should solve. The new
question was “If the price of 3 apples is 27, what is the price of one apple?”, and the
student gave the correct answer as 3. Ali, again, emphasized that r’ indicates
multiplying r by itself. They solved another question about finding the area of the
circle when the perimeter of the circle was given. For the next question, the shape of
a square and the tangent circle of this square were given. The students were asked to
find the difference between the area of the square and the area of the tangent circle.
The students got confused for a few minutes because this question was different than

previous questions. Ali asked the students how they could find the answer.

Ali: How can we find the grey area? I do not want you to do the operations. I
ask you to describe the steps of the solving process.

Selim: First, we should find the area of the circle. Then, we should find the area
of the square. If we subtract the circle's area from the square's area, we can find

the answer.
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Ali solved the question on the board by explaining the solution steps. In the last 4

minutes, the teacher announced the students' exam grades.

4.4. Finding Related to MQI

In this section, Ali’s instruction while teaching the area of a circle is evaluated using
the MQI 4-Point framework. Each 7-minute segment was evaluated separately.

Segment scores and quality evidence of the segment are given in the tables in detail.

4.4.1. Richness of Mathematics

Richness evidence of the instruction is presented in Table 12 and Table 13. In the
first table segment codes and evidence of meaning-oriented codes are given.
Meaning-oriented codes are Linking Between Representations, Explanations, and
Mathematical Sense-Making. In the second table segment score, evidence of
practice-oriented codes, and the overall richness scores of the segments are
presented. Practice-oriented codes are Multiple Procedures or Solution Methods,
Patterns and Generalizations, and Mathematical Language. The distribution of

segment scores and subdimension of Richness of Mathematics is given in Figure 7.

Eight of the segments received “NP” for Linking Between Representations because
in geometry shapes do not count as a representation. The shape is considered the
“thing itself”. Only two segments were coded as “Low” for the Linking Between
Representations dimensions. In the third segment, the teacher linked the
representation of the circle to cake and bread, but it was not detailed. In the ninth
segment, the teacher used a real-life context to make the equation meaningful to the
students. The teachers asked a simple word problem “Price of 3 apples is 27 TL.
What is the price of one apple?” to a student who faced difficulty in solving equation
3r’=27. Only the fifth segment, the teacher linked two geometric shapes and the
symbolic representation of the area formula of the circle. However, the link within
the same representational family do not count as a link and are not scored in MQI

rubric.
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Richness of Mathematics
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Figure 7. Segment Scores of Richness of Mathematics

Segments received different Explanation codes. In the first segment, the teacher
asked why the area of the one circle was bigger than the other. The students made
some explanations, but these explanations were not developed. Ali explained why the
circle’s perimeter formula included 2r. his explanation was not detailed enough. So,
the segment received a “Mid” score instead of “High”. Segment 2 received a code of
“Mid” because students explained why the area of the square was bigger than the
area of the circle by translating the square onto the circle, pictures of both shapes
were shown on the smart board. The discussion about the area of the circle and the
area of rearranged sectors started in Segment 3, however, the discussion came to a
conclusion in Segment 5. In segment 3, the given explanation was just stated and not
developed or discussed in detail, so segment 3 scored as “Low”. These explanations
developed a little bit in segment 4 and coded as “Mid”. Segment 5 received a “High”
code of Explanation because the focus of the segment was why the area formula of
the circle includes r>. The teacher explained the area formula of the circle by using
the area formula of the rectangle. Ali explained why the base of the rectangle was

equal to half of the circle’s perimeter and the height of the rectangle was equal to the
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circle’s radius. In segment 7, the teacher asked “Why measurement of the area

expressed as cm? or m??”

. The teacher explained that cm times cm (cmxcem) resulted
in cm?. His explanation was not wrong but not the mathematical explanation of the
unit of area measurement. Therefore, the segment is coded as “Low”. The rest of the

segment got “NP” for Explanation.

The aim of the first lesson was the construction of the circle’s area formula and
making sense of the area formula. Segments 2,4 and 5 received a “High”
Mathematical Sense-Making score. In segment 2, the teacher tried to make sense of
why counting unit squares was not an appropriate method to find the area of the
circle. Also, a student compared the area of a square and the area of a circle by
translating the square into a circle. In segment 3, the teacher wanted to develop the
area formula of the circle but, some students had problems related to the
conservation of the area. As a result, the teacher had to explain the procedure that he
had done, and the equality of the length and the segment coded as “Low”
Mathematical Sense-Making. In segments 4 and 5, the teacher cooperated with
students to make sense of the area formula of the circle. They worked on the
relationship between the circle and the rearranged shape. Students faced difficulty in
understanding the relation between the sides of the rectangle and the circle’s radius
and perimeter. The teacher showed the relation between the shapes. However, some
students faced difficulty in understanding why the area of the two shapes was equal.
These students had problems related to the conservation of the area. By writing the
area of the arranged sectors, they discovered why the area formula includes the
multiplication of the length of the radius with itself. Segment 6 was spent on coping.
In segment 7 the teacher focused on the measurement unit of the area. However, the
student's answer was isolated, and the teacher only explained the procedure. It was
not enough to get “High”. In Segments 8 and 9, the teacher focused on the meaning
of numbers because some students faced difficulty in calculating the square roots of
numbers. The tenth segment received a “High” score because the teacher explained

to a student why his answer was not reasonable.

For Multiple Procedures or Solution Methods, only two segments received “Mid”,

and the other segments got “NP”. In segment 2, to find the area of a square and a
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parallelogram, they used two different methods. Students first calculated the areas by
counting unit squares, then they calculated the same areas by using formulas. Since
the methods were not compared or the effectiveness or appropriateness of methods
was not discussed. Therefore, the segment was scored “Mid”. A student offered
another solution method in segment 7. Still, his method was not compared to the

teacher’s solution, and the segment got a score of “Mid.”

The teacher started the discussion to develop the area formula of the circle in
segment 3, which went on in segments 4 and 5. Throughout these three segments, the
teacher and students tried to construct a generalization to find the area of the circle.
The teacher divided the circle into sectors and rearranged them to form a new shape.
The teacher showed that when the number of segments increased the rearrangement
of the sectors more look like a rectangle. For Pattern or Generalization, segments 3,
4, and 5 got “Low,” “Mid,” and “High,” respectively. In segment 4, the teacher
helped students to generalize that the base of the rearranged rectangle was half of the
circle’s perimeter, and the height of the rectangle was equal to the radius of the
circle. The students realized that the area of the circle and the area of rearranged
shape were the same. In segment 5, the symbolic representation of the circle’s area

formula was constructed. The other segments were coded as “NP.”

For the Mathematical Language dimension, segments got a “Mid” or “High” score
because the teacher was careful about using mathematical language and pressed
students to use mathematical terms accurately. In segment 1, the teacher warned a
student to use the term circle accurately, and the segment got a score of “High”. The
other segments that were scored as “High” were segment 3 and segment 4. In
segment 3, the teacher defined the area. In segment 4, they use mathematical terms in

dense.

The overall Richness of Mathematics scores, which show the depth of mathematics
offered to students, are given in the table below. Although segments got different
scores for richness codes, the mathematics offered to students got “Mid” or “High”
scores. The teacher tried to make sense of the circle's area and construct students’

knowledge on what they already knew.
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4.4.2. Working with Students and Mathematics

In this section, the score and evidence of the Working with Students and
Mathematics are given. The Working with Students and Mathematics dimension is
highly related to teachers' knowledge of content and students. If the teacher knows
possible students’ errors and difficulties related to the content that is taught, he can
plan pre-remediation activities. The teacher also can hear, understand, and use
students’ contributions to develop mathematics. The segments coded “NP” or “Low”
for both Remediation of Students Errors and Difficulties and Teacher Uses Students
Mathematical Contribution. The distribution of segment scores and subdimension of

Working with Students and Mathematics is given in Figure 8.

Working with Students and Mathematics

=
O O -

O R, N WPROULIO O

Remediation of Students Teacher Uses Student Overall
Errors and Difficulties Mathematical Contribution

ENP mlow mMid mHigh

Figure 8. Segment Scores of Working with Students and Mathematics

The teacher’s remediations were procedural in all segments, and no conceptual
remediation occurred. Some students encountered difficulty with the mathematics of
the lesson, and some students had problems with procedures. More than one student
faced difficulty with the conservation of the area. However, the teacher said the areas
of the shapes were equal and gave an example to clarify the conservation of the area.
He said “You have a garden, and you translate this garden to another place. Does the

space covered by the garden change?” Translating a garden without changing its
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shape was not possible. Also finding the sands that form the surface of the garden
was not applicable. Since the example was not appropriate to explain the
conservation of the area, it did not help to understand the conservation of the area.
Some students had problems understanding what the perimeter means and what the
area means. They used the perimeter formula to find the area of the circle. The
teacher defined the area at the beginning of the class, but he did not focus on the
definition of the area and the perimeter when he witnessed students’ confusion. The
teacher just reminded the area formula of the circle and no conceptual remediation
occurred. Students’ confusion went on throughout the instruction. Another student
difficulty occurred with the value of the n. The students asked why m was 3. The
teacher responded that they discussed it last week. Some students faced difficulty
with the square of the numbers. Students multiplied the number by 2 to find its
square or they divided the value of 1 by 2 to find the r. The teacher explained that r?
means r times r, and the square means multiplying a number by itself. The teacher
performed the operations to show how to multiply r by r. Other procedural
remediations were related to students’ operational errors. The teachers warned
students “You made a mistake while multiplying or you made mistakes in

substruction”.

Ali’s instruction proceeded with interaction with students. Ali always asked
questions to students, and they answered these questions. However, students' answers
were generally short, one or two-word answers. The teacher asked how to solve the
questions and students described the solution steps or just said the results. In segment
2, a student showed why the area of the square was bigger than the area of the circle.
He drew the tangent square of the circle which was identical to the given square.
However, the student’s explanation was not developed. With the teacher's questions,
students got involved in the instruction. Most of the time, their contributions were
not mathematically substantial, and it was the teacher who developed the
mathematics. Therefore, for the Teacher Uses Students Mathematical Contribution
dimension, nine segments were scored as “Low”, and one segment was scored as

‘GNPQ,.
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Nine segments scored “Low” for overall Working with Students and Mathematics
and one segment received a “NP”. Several students’ misconceptions and errors
occurred during the instruction. However, the teacher’s remediations were
procedural. Some of the misconceptions were because of the lack of knowledge of
students. For example, a student asked why they used 3 as a value of ©. The teacher
said they had discussed the value of m before. The teacher and students were in
dialogue during the instruction. However, Teacher Uses Students Mathematical
Contribution scored “Low” because the students’ contribution was insufficient to
construct or develop mathematics. The teacher’s questions were directive in many
cases, and it resulted in short sentences answers. Therefore, the segments scored

“Low” for overall code.

Working with Students and Mathematics code shows how the teacher responds to
students and how the teacher uses students’ contributions. Note that the Working
with Students and Mathematics code does not show the depth of the mathematics that
students face. The richness of Mathematics codes has criteria to measure the depth of
the mathematics. Ali’s instruction scored “Mid” or “High” for some segments in
Richness of Mathematics codes, although it was scored “Low” for Working with
Students and Mathematics codes. Since the teacher developed the mathematics and
the instruction was mathematically rich. The segment scores and evidence from

instruction are given in Table 14.

4.4.3. Common Core Aligned Student Practices (CCASP)

Common Core Aligned Student Practice dimension includes five subdimensions
which are Students Provide Explanations, Students Mathematical Questioning and
Reasoning (SMQR), Students Communicate about the Mathematics of the Segment,
Task Cognitive Demand, and Students Work with Contextualized Problems. CCASP
focuses on evidence of student involvement in the tasks. It tries to capture the extent
to which students engage in and work with the mathematics of the segment. Student
explanations, student mathematical questions, students' reasoning, tasks, and
problems that students work with are scored for the CCASP dimension. The tasks

and the problems that the teacher selects to use during instruction are affected by
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teachers’ knowledge of content and teaching and teacher knowledge of content and
students. If the teacher knows what is easy and what is difficult for his students, he

will select tasks that support students’ learning.

All the dimensions of CCASP were scored. The Distribution of segment scores is

given in the Figure 9.

CCASP

12
10

: =

6

4

: H

0

Students Provide SMQR Students Task Cognitive  Students Work Overall
Explanations Communicate Demand with
about the Contextualized
Mathematics of Problems.

the Segment

ENP mlow mMid mHigh

Figure 9. Distribution of Score of CCASP

Evidence and segment scores of the CCASP are presented in Table... and Table...
For the Students Provide Explanations dimension four segments scored “NP”. Only
segment 1 scored “Mid” because the students' explanations were frequent. They
explained why one circle was bigger than the other by justifying their answer. The
other five segments scored “Low” because students provided brief explanations. For
Example, in segment 7, the teacher asked what was the measurement unit of the area
and why the measurement unit was a meter square. Some students said it was a fact.
Some students said it was measured by a meter square. In segment 4 a student
explained that the area of the rearranged shape could be found by multiplying base
with height and dividing the result by 2. This student's explanation was wrong but it
was scored for Student Provide Explanation dimension. In segment 8 a student

explained his solution steps. He said he divided the total area first by pi, then by 2
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because the area formula includes r. The student’s explanation was wrong but it was
scored. Since in this dimension, students’ explanations were scored even if they were

wrong.

The instruction continued with mutual dialogue between teachers and students.
However, students’ contributions were not substantial. Seven segments received an
“NP” score for SMQR. In segment 7, a student asked a question about the value of
pi. He said “Why are dividing the total area by 3? Why are we using 3? The teacher
said they already learned the pi, they discussed it for a while a few weeks before. In
segment 8, a student asked a question related to r>. He asked, “Why 49 is equal to
7?” He faced difficulty in understanding the operation done with the r?. The teacher
explained the square of a number means to multiply that number by itself. In
segment 9, a student explained that the tetragon had to be a square since the circle
best fit in the tetragon and tangent to the tetragon on all four sides. All these three

segments were scored “Low”.

The dialogue between students and the teacher continued throughout the lesson.
Therefore, at least some brief student contributions occurred in all segments. For
Students Communicate about the Mathematics of the Segment dimension no segment
was scored “NP”. Four of the segments got a “Low” score since students contributed
with one-or-two words or defined the solution steps partially. For example, in
segment 4 the teacher asked, “What shape does this shape look like?”. The students
answered “Rectangle” “Rhombus” and “Trapezoid”. In segment 5, a student repeated
the circle’s area formula to solve the question. The other five segments, segments 1,
2,3,7,9, and 10, were scored “Mid”. For example, in segment 3, a student defined
the area. Another student commented on this definition and said it is the definition of
volume, not the area. Some substantial student contributions occurred and some

students solved the question publicly.

At the beginning of the lesson, the teacher presented a story problem and asked
students how they decided which circle was bigger. So, segment 1 received a “Low”
score for Task Cognitive Demand. Then the teacher wanted students to explain how

they could find the area of a circle. It was a highly cognitively demanding task for
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seventh-grade students. So, segment 2 scored “High” for Task Cognitive Demand.
However, the teacher scaffolded heavily and offered a solution method, and so
segment 3 scored “Mid” instead of “High”. The other segment that received a “Mid”
score was segment 9 because students worked on a middling cognitive demanding
task that asked the difference between the area of the square and the area of its inner
circle. Its solution way was not obvious to the students. Segment 6 scored “NP”
because in segment 6 students took notes and the teacher summarized what they
covered so far. The teacher solved the question, and students engaged in no
observable cognitively demanding process so segment 10 got an “NP” score.
Students worked on simple questions that required the application of the area
formula and asked students low cognitive demanding work. Therefore, segments 4,

5, 7, and 8 scored “Low”.

The teacher started the instruction by introducing a story problem, and they worked
on it through the first two segments. So first two segments scored “Mid” for the
Student Work with Contextualized Problems dimension. In segment 3, the teacher
drew a circle, rearranged segments, and talked about pure geometry. In segment 4,
and segment 5 they developed the area formula of the circle, and they scored “NP”.
After they developed the area formula, they solved pure geometry tasks that required
application of the area formula, and segments scored “NP” for Student Work with

Contextualized Problems dimension.

Overall CCASP that scored students’ involvement in doing mathematics was scored
“NP” for segments 6 and 10. Segment 6 was dominated by the teacher talk who
summarized what they did so far without any important student contributions. In
segment 10, the teacher solved the question himself, and no evidence of CCASP
occurred. Only segment 2 was scored “High”, and segments 1, 3, and 9 were scored

“Mid”. The rest of the segments scored “Low” for overall CCAPS.

The scores of segments and evidence of CCASP dimensions were given in the Table

15 and Table 16.
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4.5. Second Observation of Ali: Area of Sector

The second observation of Ali’s lesson took place while he was teaching the area of
sectors, and it took place in the seventh-grade classroom. The lesson was videotaped
and audiotaped, and the researcher was in the classroom as a passive observer. The
observation process lasted for two consecutive lesson hours because covering the
objective of the area of the sector lasted two hours. His 7th-grade class was
composed of boys since it was an imam-hatip middle school. 26 students registered
in this classroom. There were only 11 students on the day of observation. The
observation took place in June, 2 weeks before the summer holiday began. The
teacher said the students at the school had attendance problems and in June only a

few students came to school although the classes were going on.
4.5.1. Summary of the Lesson

The first minutes were spent greeting the students. Then Ali said they were going to
solve some questions about the area of the circle before moving on to a new topic.
He drew a rectangle and a half circle in it. He asked the students to find the
difference between the area of the rectangle and half circle. The students solved the
question individually and Ali checked their answers. He gave feedback on the
students' solutions true or false and said where they made an error. Then he started to
solve the question on the board interactively with the students. He opened a new
question, the square and a quarter circle inside the square, asking the difference
between the area of the circle and the square. Firstly, some students said there was an

error and that the result was meaningless.

Hasan: There is an error.

Yusuf: Yes. There is an error.

Ali: What is the error?

Hasan: We multiply 36 with 3, then we divide it by 2.
Yusuf: Oh no. we should divide it by 4.

While discussing the solution, Yusuf realized their mistake that the given shape was

a quarter circle, not a half circle. They needed to divide the total area of the circle by
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4 to find the area of the quarter circle. Ali waited for the students to solve the
question individually and checked their solutions. If the students found the wrong
answer, Ali warned them about the operation steps they did error. Then he started to
solve questions asking the students to describe what they should do to find the
difference between the area of the two shapes. However, Cem asked, “How do we
know it is a quarter circle?”. The teacher said it was given in the text of the question.
Then he drew a square and a circle tangent to the sides of the square. He divided the
square into four identical squares and said the shape given in the question was one of
these four parts. Ali solved the question on the board. Another student asked, “How
do we understand quarter means divide it by 4?”. The teacher explained “The quarter
means one-fourth. You divide it by 2 to find the half. You divide it by 4 to find a
quarter.” One of the students asked where he made a mistake but the teacher did not

hear him.

They moved to a new question. It was a rectangle including 8 identical circles. The
difference between the area of the rectangle and the total area of the circle was asked.
The teacher let the students solve the question individually. He checked their answers
and gave feedback on their solutions. Then, Ali asked which steps they should take
to solve the question. Three of the students said they needed to find the
circumference. One of the students suggested multiplying the circumference and the
area. The students’ explanations showed that they were still confused about the
circumference and area content and their formulas. Ali allowed Yigit to speak and
Yigit suggested a correct solution method. The teacher solved the question and
directed a real-life problem. Ali wanted the students to use pi equal to 3,14. Some
students said they did not know how to do multiplication with decimals. Ali
reminded them they learned multiplication with decimals in fifth grade. A student
claimed that they needed to find the diameter to find the area. The teacher asked the
students the area formula of the circle and recalled that r* represents the square of r,

not the diameter.

Ali drew two identical circles with a 48 square centimeter area. He divided the first
one into one-half and two-quarter sectors. He divided the second one into three

different sectors. He said they were the wheels of the fortune and they were going to
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paint each sector a different color. He asked the students painting which sectors

would cost the most. The students had different ideas about the teacher’s question.

Ali: Which part cost the most?

Han: The green one.

Ali: Why?

Han: Its area is bigger.

Mert: Its perimeter is longer.

Ali: Han, how do you know its area is bigger?

Han: It seems so.

Ali: Why is the orange one bigger than the blue one?
Yusuf: The orange one looks like bigger than a half.

Yusuf showed that the orange one was bigger than half by drawing diameter. Ali
started a discussion using Yusuf's idea and they checked all sectors against half and
quarter. Lastly, they arranged the area of the sectors from the biggest to the smallest.
The first hour of the lesson finished.

At the beginning of the second hour, Ali asked the students to calculate the area of
sectors. Some students said they did not know. Yusuf wanted to learn the
measurement of sectors’ angles. Cem said the area of the blue sector was equal to 24
square centimeters. The blue sector was the half of the circle, to find the area he said
he divided the total area by 2. Then, they calculate the area of the quarter sectors.
However, when they tried to calculate the area of the sectors that were not equal to
half or a quarter, they faced difficulty. Some students said the orange sector’s area
was equal to 30 square centimeters. They claimed that the orange sector was equal to
a half and a half of a quarter. The teacher asked more questions about how they
knew, the students faced the problem that they did not know the exact measurement
of sectors. Some students said they needed angles to calculate the exact value of the

area.

Ali: If we know the measurement of the angles, can we calculate the area?

Students: Yes.
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Ali: How?
Students: Proportion.

Mert: If 360 degrees is equal to something, 200 is equal to something?

Ali confirmed the students’ idea and wrote down the proportion “The area of a circle
with 360 degrees angles is equal to 48 square centimeters. What is the measurement
of the area of sector with 100 degrees?”. The teacher asked a new question about
finding the area of a sector and permitted the students to solve the question
personally. He checked students’ solutions and gave personal feedback. A student
calculated perimeter instead of area. Confusing area and perimeter was a problem
while teaching the area of the circle. Ali just reminded the student of the question
asking for the area of the sector. Ali called Yusuf to solve the question on the board.
A student asked if it was an inverse proportion. Ali only asked, “Why it should be an
inverse proportion?”. Other students said it was a direct proportion. The teacher

made no more explanation. Ali resolved the question using the area formula of the

a
360°°

sector, A= . 1. They solved another question asking for the area of a sector.

In the next question, there were two circles concentric circles. The difference
between the area of the sector of the small circle and the big circle, the central angle
of both sectors was 75°, was asked. Students had difficulty solving this question.
Only two students, Hasan and Yusuf, were able to solve the question. Ali asked
Hasan and Yusuf which steps should be followed for a solution, respectively, and
explained the solution methods of both two students to the rest of the students. Two
students said they did not understand multiplication operations and simplification.
The teacher explained the multiplication again. Ali posed a new question, and the
students solved it individually. Two students solved the question correctly. The

second hour had ended, and Ali only verbally explained the solution to the question.

4.5.2. Finding Related to MQI

In this section, Ali’s instruction while teaching the area of sectors was evaluated
using the MQI 4-Point framework. Each 7-minute segment was evaluated separately.

Segment scores and quality evidence of the segment are given in the tables in detail.
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4.5.2.1. Richness of Mathematics

Richness evidence of the instruction is presented in two separate tables. In the first
table segment codes and evidence of meaning-oriented codes are given. Meaning-
oriented codes are Linking Between Representations, Explanations, and
Mathematical Sense-Making. In the second table segment score, evidence of
practice-oriented codes, and the overall richness scores of the segments are
presented. Practice-oriented codes are Multiple Procedures or Solution Methods,
Patterns and Generalizations, and Mathematical Language. The distribution of

segment scores and subdimension of Richness of Mathematics is given in Figure 10.

Richness of Mathematics

11
10
9
8
7
6
5
4
3
2
1
0
Linking Between Explanations  Mathematical Multiple Patternsand  Mathematical
Representations Sense-Making Procedures and Generalizations Language
Solution
Mathods

ENP mlow mMid mHigh

Figure 10. Distribution of Richness of Mathematics score

The instruction aimed to teach how to calculate the area of the sector. Since it was a
geometry lesson, the teacher used pictures of geometric shapes and symbolic
representations. While coding MQI, for geometry the shapes are not counted as
representation. Therefore, eight segments scored as “NP” for the Linking Between
Representation codes. In segment 3, which scored “Mid”, the teacher used the circle
as an area model of fractions and linked this model with oral and symbolic

representations of fractions. The teacher explained the quarter meant one-fourth of a
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whole. One-fourth of a circle had a 90-degree central angle, and the central angle
was one-fourth of a 360-degree. Another segment that got a code different than
“NP” was segment 6. Segment 6 scored a “High” score. The teacher showed the link
between the area of the sectors and the symbolic representation of equality and
inequality. They sequenced the area of the sector from the smallest to the biggest by

comparing each sector with half and quarter.

The instruction of Ali generally scored different than “NP” for Explanation. Students
asked “Why” and the teacher had to explain. Only segment 4 and segment 10, where
the teacher and the students solved questions just by describing solution steps,
received “NP”. Segments 1, 2, 3, and 5 scored “Mid”, while segments 6 and 7 scored
“High”. In segment 1, a student’s explanation occurred. A student explained to
another student why his solution was true. This explanation took place between a few
students and was not discussed as a whole group. Some students faced difficulty in
understanding why a sector with a 90-degree central angle one-fourth of a circle was.
In segments 2 and 3, the teacher explained why the given sector was one-fourth of
the whole, which means the sector area was a quarter of a whole circle. In segment 5,
the teacher explained why the solution method of a student was incorrect although he
found the answer correct. The other explanation of the students occurred in segment
6. The students explained his way of comprising the area of sectors. He explained
why the orange sector had the biggest area by comparing the orange sector with half.
His explanation was clear and detailed and scored as “High.” In the next segment,
they decided that the central angle of the sector needed to calculate the area of the
sector. Segments 6 and 7 received “High” scores because the focus of the instruction
was the comparison of the area of the sectors and the way of the comparison of the
area of sectors. In segments 8 and 9, they solved questions and brief explanations
related to solutions to the questions that occurred and got a “Low” Explanation score.
In segment 10, the teacher described the solution steps of the question. Explanation

about “how” is not scored as the Explanation.

In many cases, Explanation and Mathematical Sense-Making overlap. Therefore, the
instruction scored differently than “NP” for many segments of the Mathematical

Sense-Making dimension. Only segments 4, and 10 received “NP” for Mathematical
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Sense-Making. In segment 1, the teachers explained the solution to a question. To
explain the solution of the question, the teacher showed the equality of the radius of
the circle and the sides of the rectangle. In segments 2 and 3, the teacher tried to
make sense of the quarter. He explained why a given circle is a quarter and one-
fourth of a whole circle. The segments scored “Low” while they were scored “Mid”
for Explanations because not all the explanations qualified as Mathematical Sense-
Making. S5 scored “Mid” for Explanations while it scored “High” for Mathematical
Sense-Making. The teacher and students discussed why a solution method of a
student was incorrect although he found the correct answer. The teacher's
explanation about the student’s solution was detailed but it was not the focus of the
instruction. Therefore, it was scored “Mid” for the Explanation. Segments 6 and 7
focused on the quantities and compared the area of sectors using half and quarter
relations, and they were scored as “High”. In segments 8 and 9, the teacher made
explanations related to the understanding of relationships between numbers. They
used the relationship of the numbers to solve the questions. The focus on the
meaning of numbers was brief and scored “Low”. The student's and the teacher’s
explanation of “how” his solution was proceeded was not an example of the

Mathematical Sense-Making.

In the first hour of the instruction, they solved questions about finding the area of the
circle and they only applied the circle’s area formula for solutions. Therefore, the
first five segments received “NP” for Multiple Procedures or Solution Methods
codes. Segments 6, 8, 9, and 10 received “Mid” because they used more than one
method to solve the questions. In segment 6, they compared the area of sectors using
more than one method. In segments 8 and 9, they used both area formula and direct
proportion to solve the questions. In the tenth segment, two students offered two
different solution methods. The solution methods were not compared, and no explicit
connection between the methods was made. That is why these segments could not

reach “High” scores.

The class developed generalization only in segment 7 and this segment received a

“Mid” score. Students developed that they needed the central angles of sectors to
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find the area of the sectors. However, the generalization was not detailed. The other

segments scored “NP”.

The teacher used mathematical language carefully and generally corrected students’
misusing. Therefore, Mathematical Language codes of the segments ‘“Mid” or
“High”. For example, some students used the word round shape instead of the circle.

The teacher corrected these students and pressed them to use the word circle.

The depth of the mathematics offered to students was “Low” or “Mid” when they
were solving questions, and “Mid” or “High” when the teacher introduced the
content. For example, the first five segments received “Low” or “Mid” scores when
the class worked on solving questions about the area of the circle. They solved
exercise questions that required one or two steps to solve. Segments 6 and 7 scored
as “High” when the class discovered how to find the area of a sector. The teacher
made more explanations and tried to make sense of why the central angle was needed

to find the area of sectors.

The evidence and segment scores were given in the Table 17 and Table 18.

4.5.2.2. Working with Students and Mathematics

In this section, the score and evidence of the Working with Students and Mathematics are
given. The Working with Students and Mathematics dimension is highly related to teachers'
knowledge of content and students. If the teacher knows possible students’ errors and
difficulties related to the content that is taught, he can plan pre-remediation activities. The
teacher also can hear, understand, and use students’ contributions to develop mathematics.
The segments coded “NP”, “Low” od ‘“Mid” both Remediation of Students Errors and
Difficulties. Segments received “Low”, “Mid” and “High” for Teacher Uses Students
Mathematical Contribution. The distribution of segment scores and subdimension of

Working with Students and Mathematics is given in Figure 11.
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Working with Students and Mathematics

11
10
9
8
7
6
5
4
3
2
1
0
Remediation of Students Error Teacher uses Student Overall
and Difficulties Mathematical Contributions

ENP mlow mMid mHigh

Figure 11. Distribution of Score of Woking with Students and Mathematics

Evidence of Working with Students and Mathematics and the score of the segments is given
in the Table.... The segments coded “NP”, “Low” or “Mid” for Remediation of Student
Errors and Difficulties. In segment 4, more than one student's difficulties were observed. In
segment 4, a student explanation about the solution was wrong. The students claimed they
need to multiply the rectangle’s area with the rectangle’s perimeter to find the difference
between areas of rectangle and inner circles. The teacher did not ask further question
to understand source of student error. Ali only said it was not a correct way to solve
the question. Two students used the perimeter formula and calculated the perimeter
while it was asking for the area. The teacher said nothing related to this situation.
Another student said he did not learn how to multiply with decimals. However, the
teacher replied they covered multiplication with decimals in fifth grade and no
remediation occurred. Although a student error occurred, no teacher remediation
observed, and the segment got a “NP” score. Only in two segments, segments 6 and
10, no student errors, misunderstandings, or difficulties were observed. In the
segments which were scored “Low”, only procedural remediations were observed.
Only in segment 2 and 3 extended procedural remediation observed and they
received a “Mid” score. The teacher explained the relation between the quarter and

the 90-degree sector using the area model in segment 2. However, in segment 3
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another student asked how the teacher knew the quarter was one-fourth. The teacher

talked about how to find half and a quarter of bread.

During the instruction, the teacher always interacted with students. However, most of
the students’ contributions were not substantial or in a pro forma way. For the
Teacher uses Student Mathematical Contributions code, the segments received
“Low”, “Mid” or “High” scores. In the segments that were scored “Low,” the teacher
asked the students solution steps of the questions. In segment 6, the teacher used and
developed a student’s idea to compare areas of sectors, and it received a “Mid” score.
A student compared the area of a sector with a half circle and said “This sector is the
biggest one because it is greater than half. When I draw the diameter of the circle, I
can find the half. This sector has more region than a half”. The teacher used this idea
to compare areas of other sectors. In segment 7, the teacher led a whole group
discussion, and it was also scored “Mid”. The only segment scored as “High” was
segment 10. The teacher identified two students with their solution methods,

explained them to the class, and compared them.

The instruction proceeded with dialogue between the teacher and the students.
However, in most parts of the instruction, the teacher developed the mathematics and
the students' contributions were in a pro forma way. No conceptual remediation was
observed. The teacher ignored some student difficulties or procedural remediation
was conducted. The teacher and the students' interactions were generally on the
solution steps, and it was not devoted to the development of mathematics. The
segments got “Low”, “Mid” or “High” scores for overall Working with Students and

Mathematics.

The segments scored mostly “Mid” for the Richness of Mathematics code. The
mathematics that the students engaged in was rich. However, it was the teacher who
pushed the mathematics. The student's contributions were generally insubstantial and
the teacher’s remediations were procedural. So, the segments scored “Low” for

overall Working with Students and Mathematics.

The evidence and segments scores were presented in Table 19.
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4.4.2.3.Common Core Aligned Student Practices (CCASP)

Common Core Aligned Student Practice dimension includes five subdimensions
which are Students Provide Explanations, Students Mathematical Questioning and
Reasoning (SMQR), Students Communicate about the Mathematics of the Segment,
Task Cognitive Demand, and Students Work with Contextualized Problems. CCASP
focuses on evidence of student involvement in the tasks. It tries to capture the extent
to which students engage in and work with the mathematics of the segment. Student
explanations, student mathematical questions, students' reasoning, tasks, and
problems that students work with are scored for the CCASP dimension. The tasks
and the problems that the teacher selects to use during instruction are affected by
teachers’ knowledge of content and teaching and teacher knowledge of content and
students. If the teacher knows what is easy and what is difficult for his students, he

would select tasks that support students’ learning.

All the dimensions of CCASP were scored. The Distribution of segment scores is

given in Figure 12.

CCASP
12
10
8
6
4
2
0
Students SMQR Student Task Cognitive StudentsWork Overall
Provide Communicate Demand with
Explanations about the Contextualized
Mathematics of Problem

the Segment

ENP Hlow HMid M High

Figure 12. Distribution of score of CCASP

Evidence and segment scores of the CCASP are presented in the Table and Table.

For the Students Provide Explanations dimension six segments scored “NP”. A
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student claimed the question was wrong because its answer was meaningless.
Therefore, segment 1 scored “Mid” although the student’s claim was wrong. The
other segment that received a “Mid” score was segment 6 since frequent brief student
explanations occurred. Segments 3 and 8 scored “Low”. During segment 3, a student
explained his solution method. However, his solution was wrong. For Students
Provide Explanations, wrong student explanations also counted and scored “Low”. In
segment 8 a student explained the direct proportion between the sector’s central

angle and its area.

The instruction continued with mutual dialogue between teachers and students.
However, students’ contributions were not generally substantial, that is the students
did not engage in mathematical thinking. Six segments received an “NP” score for
SMQR. Segment 1 and segment 6 were scored “Mid”. In the first segment, a student
explained his solution method and commented on his friend’s solution pointing out
his mistake. Segment 6 scored “Mid” because a student explained why the orange
area was bigger than the blue area by comparing the region with half. Segments 2
and 3 were scored “Low” since students asked questions about the quarter and one-

fourth.

The teacher engaged students in the lesson by asking questions. The instruction went
on the teacher’s questions and students’ answers. So, For Students Communicate
about the Mathematics of the Segment dimension no segment was scored “NP”. Only
segments 2 and 3 received a “Low” square because students' contributions were
brief. Two students presented their solution on the board and segment 10 scored
“High”. The other seven segments scored “Mid” because some brief student
contributions, students’ explanations, or students’ share of solution methods were
observed. For example, in segment 4, in addition to some brief student contributions,
a student summarized the complete steps of the solution. In segment 5, a student

solved the question on the board and some students commented on his solution.

The teacher stated the instruction by presenting the area of the circle problems.
Students worked on these questions in three segments. These questions' solutions

were not obvious and scored “Mid” for the Task Cognitive Demand dimension. The
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teacher asked a story problem that required a middling cognitive demand and
students worked on this problem in segment 4 and segment 5. Then the students
moved to the new content and asked students to justify the area of which sector was
bigger. The students justified their answers by referring to the previous learning.
After working on a middling cognitively demanding task, the teacher asked students
to establish what was necessary to calculate the area of the sector. It was a highly
cognitively demanding task, and was cored “High”. In segment 8, students worked
on a low cognitive demanding pure geometry task. Segments 9 and 10 were scored

“Mid” because the students worked on a middling cognitively demanding task.

At the beginning of the lesson, they solved questions related to the area of the circle
and these questions were pure geometry questions. So, the Student Work with
Contextualized Problems dimension was scored “NP” for the first three segments.
then, the teachers presented a story problem about the area of the circle. Students
continued to work on this problem in segment 5 and both segments were coded
“Mid”. The teacher moved on to new content that was the area of the sectors and
presented a story problem. They worked on it for two segments, and segment 6 and
segment 7 received a “High “score. After he introduced the area formula, the teacher

solved pure geometry problems and the segments scored “NP”".

Overall CCASP that scored students’ involvement in doing mathematics was scored
“Low” in segment 2. In segment six, they started to discuss how to calculate the area
of the sectors. Students contributed to the lesson and provided explanations and
justifications. So, segment 6 and segment 7 scored “High”. The other segments
scored “Mid” because students’ contributions were not substantial or sustained in

these segments.

The evidence and segments scores were presented in Table 20 and Table 21.
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4.6. First Observation of Efe: Area of Circle

The first observation of Efe’s lesson took place while he was teaching the area of
circle, and it took place in the seventh-grade classroom. The lesson was videotaped
and audiotaped and the researcher was in the classroom as a passive observer. The
observation process lasted for two consecutive lesson hours because covering the
objective of the area of the circle lasted two hours. His 7th-grade class was composed
of both boys and girls since it was a coeducational school. 36 students registered in
this classroom. 5 students were absent on the day of observation. The observation

took place in the last week of April.
4.6.1. Summary of the Lesson

The lesson started on time. Efe began the lesson by reminding the students that they
had already learned how to find the perimeter of the circle and the length of an arc.
Then he said the length is one-dimensional and the area is two-dimensional which
are length and height. Efe informed students that they were going to learn something
related to the area of the circle. He then showed a map from a game and almost all of
the students knew the game. Efe pointed out some circular regions on the map and
the students said these areas were called “safe areas”. The teacher drew two circles
and a point the same distance from the center of the circles on the board. Efe said,
“The one who first enters the circles wins the game. Which area would they prefer to
go to?”. Some students answered they would choose the blue area and Ozan
explained the reason for their choice as “Since the blue one has a bigger area, we can
reach there faster.” Efe wanted the students to explain how they decided which area
is bigger. Elif expressed the reason as “it covers more surface”. The teacher
confirmed Elif’s idea and explained covering more surfaces means occupying more

places. Another student mentioned the radius of the circle.

Mehmet: It has a longer radius.

Efe: Is the area of a circle with a longer radius larger?

Students: Yes.

Efe: Yeah. It seems there is a proportion between the area and the radius. Since
we do not know how to calculate the area, we do not know the proportion

between area and radius.
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Another student said they intuitively knew that the blue area was bigger since the
blue area seemed bigger. Efe confirmed the student's idea and reminded them that
“the surface occupied by a shape is called an area in mathematics. The teacher said
the students already knew how to calculate the area of regular shapes such as
squares, and rectangles. He showed a picture of a square, a parallelogram, and a
circle divided into unit squares. He said, “ You can find the area of the square and the
parallelogram by counting unit square.” He counted the unit squares inside the square
and the parallelogram and also reminded the area of the square and the

parallelogram. He asked how to find the area of the circle.

Efe:..... If we want to count unit squares inside the circle, a problem occurs. It
is not a regular shape. We need to do something. What can we do?

Semih: We can find the radius of the circle and then calculate the area of it.

Efe: I mean we can count the unit square inside of a square. To count the unit
square inside of a parallelogram, we draw the altitude of the parallelogram and
we get a triangle portion. If we cut the triangle portion from one side and paste
the triangle side to the opposite side, we get a rectangle. We can easily count
the unit square inside of a rectangle. You have already known these. To find
the area of the circle by counting unit squares, how can we break the circle into

parts?

A student tried to suggest using the area formula. However, her knowledge was
deficient. Efe warned the students that he did not want to talk about the knowledge
picked up here and there by listening. He asked why the area formula includes the
square of r, not the square of n. Efe said that they, as a class, always construct the
formula by themselves. He directed the students to break the circle into parts and
combine the parts to get a unit square. A student said its area was approximately 7-
unit squares and some others said the parts did not fit perfectly to form a unit square.
Some other students expressed their ideas on finding the area of the circle. Then, the
teacher explained it was a problem for mathematicians for many years and it was not
possible to form unit squares with parts of circles. He drew a circle on the board and
slid it into 4 equal sectors. Then he split it into 8 and 16 identical sectors

respectively. He dyed half of the sectors red and the rest blue. He rejoined the blue
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and red sectors to get a new shape that looked like a parallelogram. The students
chorused “It is a rectangle”. Efe said it was not a rectangle and opened a picture of a
circle split into 16 sectors and the new shape obtained by the reunion of these
sectors. The students understood the reunion of the sectors formed a parallelogram.
Efe asked students to split the circle into more parts like 1000, 1000000, or infinite.
Then, they concluded that the more sectors the circle was divided into, the more
rectangle-like the new shape became. They started to talk about the length and width
of the rectangle. The students easily realized that the width of the rectangle was equal
to the radius of the circle. Although some of the students hesitated about the length
of the rectangle, they found out the length was equal to half of the circumference of

the circle.

Efe: How do we calculate the circumference of the circle?

Students: 2 times r times 7.

Then, they realized the long side of the rectangle was “r.n”. To find the area of the
rectangle length “r.n” was multiplied by width “r”. Efe reminded the students that
they had already learned algebraic expression and that r times r was represented as r°.
Efe emphasized the commutative property of the multiplication. He informed the
students that they constructed the area formula of the circle and said “It is more
meaningful now, why the area formula of the circle includes m and r*. He
interactively calculated the area of the initial circles with the students. The teacher
waited for the students to copywrite the things on the board. Lastly, Efe summarized
how they constructed the area formula of the circle and what each term in the

formula means by asking questions. The first hour of the lessons finished.

In the second hour, they were started by reminding and clarifying what they learned
in the first hour. Efe clarified that the rectangle was constructed by translating parts
of the circle. So that the circle and the rectangle had equal areas, then they found the
area of a circle with a radius of 7 cm. The students said the area was equal to 147.
Efe asked for the unit of the measure and underlined the importance of the unit of the
measure. for the next question, they used pi as 3.14 and r as 10 cm. Some students
faced problems while multiplying 100 with 3.14 and said the area was 3.14 square

meters.
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Efe: The area formula is m.r2. What is the result of 3,14 times 100? 314 square
centimeters.

Arda: 3.14 square meters.

Efe: No. You are wrong. It cannot be a square meter. What was the common
conversion factor for the area?

Students: 100.

Efe: Yes. So if you want to say it as 3.14, its measurement unit should be
square decimeters. We would say 3 square decimeters and 14 square
centimeters. To convert a square centimeter to a square meter, we should

divide it by 10000.

The lesson continued with the solution of a new question. For this question Efe
22 . . )
wanted students to use — as value of m. While solving the question, the teacher

reminded the students to simplify the equation before multiplying. He also offered to
use easy multiplication tricks that they learned before. To calculate 22x28, he found

the tens of 22 and rewrote the operation as 20x28+2x28.

After solving the question, Efe went back to the area formula and explained again
where r? came from. He summed up the relation between the circle and the
constructed rectangle. Then, he said the formula “m.r*” is used to find the area of any
circle. They solved a new question that asked to find the radius when the
measurement of the area was given. Then the students copywrite the question and the

answer to their notebooks.

Efe talked about the circle. He said the circle was the first geometric shape that
human beings recognized. The first man saw the sun and the moon and realized that
they were a circle and painted circles on the walls of calves. He reminded they had
watched a video about pi while they were learning the circumference of the circle.
Efe opened 3 questions on the smart board. Two of them were about finding the area
of the circle when the radius was given. One of them was about finding the area of
the circle when the diameter was given. Lastly, the teacher drew a square and 4

identical circles in it. He said they used this shape while covering the circumference
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of the circle and asked the students to calculate the difference between the total areas
of the circles and the area of the square. Efe checked the students’ solutions
individually and gave feedback if the solution was true or false. He also warned the
students about the steps in that they made mistakes. The second hour had ended and

they did not solve this question on the board.

4.6.2. Finding Related to MQI

In this section, Efe’s instruction while teaching the area of a circle is evaluated using
the MQI 4-Point framework. Each 7-minute segment is evaluated separately, and

quality evidence of the segment is given in the tables in detail.

4.6.2.1. Richness of Mathematics

Richness evidence of the instruction is presented in two separate tables. In the first
table segment codes and evidence of meaning-oriented codes are given. Meaning-
oriented codes are Linking Between Representations, Explanations, and
Mathematical Sense-Making. In the second table segment score, evidence of
practice-oriented codes, and the overall richness scores of the segments are
presented. Practice-oriented codes are Multiple Procedures or Solution Methods,
Patterns and Generalizations, and Mathematical Language. The distribution of

segment scores and subdimension of Richness of Mathematics is given in Figure 13.

Nine segments received “NP” for linking between representations since in geometry
the shapes are not counted as representation. The link between the geometric shapes
and the symbolic representation of these shapes is not coded. In segment 3, the
teacher used a real-life example to make the students imagine how to break the circle
into pieces and was scored “Low”. The teacher asked what would happen if bread
was divided into one thousand pieces. Then he wanted students to imagine dividing
the bread into more pieces. Only the circle was visually present and the second
representation was not visually present. In segment 4, the teacher linked the circle,
rearranged sectors, rectangles, and the area formula of the circle. However, the link
within the same representational family do not count as a link between representation

in MQI rubric.
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Figure 13. Distribution of Richness of Mathematics scores

In the first hour of the lesson, they developed the area formula of the circle, and the
teacher and students made many mathematical explanations. During the development
process, the teachers asked “Why?” for many times. Therefore, the first four
segments received “Mid” or “High” explanation codes. In the first segment, the
teacher asked which circle was bigger and wanted students to reason their answer.
Students explained their thinking and correct student explanation was coded. So, the
first segment scored “Mid” for the Explanation. The second, third, and fourth
segments were scored “High”. In segment 2, the teacher explained why counting unit
squares was not an appropriate method for calculating the circle’s area. Before the
teacher's explanation, students also provide some brief explanations. In segments 4
and 5, the teacher and students worked on the construction of the circle’s area
formula. The focus was on why the circle and rearranged sectors had equal areas and
the relation between these two shapes. In the second hour, they solved questions
using the area formula of the circle. The questions were like exercise and little
explanation was made. Only segment 7 and segment 8 received a “Low” score since
the teacher explained why minus 6 could not be the answer and the existence of the

irrational numbers. The rest of the segments received “NP”.
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Efe focused on making sense of the circle’s area formula throughout the instruction.
The first hour of the instruction was built on making sense of the area formula of the
circle and the development of the area formula. Therefore, segments 2, 3, and 4 were
coded as “High”. In segment 2, the teacher tried to make sense that counting unit
squares to measure the area of the circle was not an appropriate method. In segment
3, he used real-life examples to explain infinity and he focused on the relationship
between the numerator and the denominator. The fourth segment was devoted to
making sense of the circle’s area formula and explanation of “why area formula
includes 1? and pi”. In the second hour of the instruction, they usually solved
exercise questions. The teacher focused on the relationship between the number and
the meaning of the numbers. So, the sixth segment scored “High” for Mathematical
Sense-Making. In segment 7, was scored “Mid”, the teacher said 36 had two roots,
and explained that (-6) cannot be the measure of the radius. Therefore, the answer
should be (+6). Efe used the square root to make sense of the existence of the
irrational numbers and so the pi. His explanations were detailed and segment 8
scored “High”. In segment 9, the teacher used the partial product to show the

relation between the numbers. Segments 1, 5, and 10 were coded as “NP”.

Through ten segments, only the first segment scored “Mid” for multiple procedures
and solution methods. They calculated the square’s area and the parallelogram’s area,
they used area formulas and counting unit squares. Nine segments scored as “NP”

because only the area formula of the circle was applied to solve the questions.

For Patterns and Generalization, only segment 3 received a “Mid” score and segment
4 received a “High” while other segments received “NP”. During the first four
segments, the focus of instruction was the development of the area formula of the
circle. The teacher spent the effort to develop generalizations and pressed students to
make generalizations. In segment 3, they made generalizations about the sides of the
rectangle constructed by rearrangement of sectors. In segment 4, they developed the
area formula by connecting the circle and the rectangle. The teacher also explained

why the area formula included r? referring to the rectangle’s area formula. After the
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development of the area formula, the class worked on exercise problems, and no

pattern was discovered, and no generalization was developed.

Efe used mathematical language fluently all through the instruction and pressed
students for accurate use of mathematical language. Therefore, segments generally
received a “Mid” or “High” score. Only segment 7 and segment 8 coded “Low”
where students were copying, and the teacher summarized what they did and learnt.

All segments received an overall richness score. While assigning an overall score,
middling use of mathematical language is not considered as an element of richness.
Therefore, segment 5 and segment 10 received “NP” overall scores, because they do
not include any richness elements except Mathematical Language. The first four
segments received “Mid” and “High” overall richness scores. The mathematics
offered to students in the first lesson hour segments were in-depth and constructed to
support the conceptual understanding of the students. Also, segment 6 received a
“High” score, where the teacher focused on the relationship between numbers. When
the class started to solve exercise questions, the depth of the mathematics offered to
students was reduced and the following segment got “Low” scores. Since they just
applied the area formula of the circle to solve the questions, few Richness of

Mathematics elements occurred.

The evidence and segments scores were presented in Table 22 and Table 23.

4.6.2.2. Working with Students and Mathematics

In this section, the score and evidence of the Working with Students and
Mathematics are given in Table 24. The Working with Students and Mathematics
dimension is highly related to teachers' knowledge of content and students. If the
teacher knows possible students’ errors and difficulties related to the content that is
taught, he can plan pre-remediation activities. The teacher also can hear, understand,
and use students’ contributions to develop mathematics. The segments coded “NP”,
“Low” or “Mid” for Remediation of Students Errors and Difficulties and Teacher

Uses Students Mathematical Contribution. No segment scored “High” for Working
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with Students and Mathematics dimension. The distribution of segment scores and

subdimension of Working with Students and Mathematics is given in Figure 14.

Working with Students and Mathematics

11
10
9
8
7
6
5
4
3
2
1
0
Remediation of Students Error Teacher uses Student Overall
and Difficulties Mathematical Contributions

ENP Hlow HMid ®High

Figure 14. Distribution of Working with Students and Mathematics scores

Evidence of Working with Students and Mathematics is given in the Table. The
segments coded “NP” or “Low” for Remediation of Student Errors and Difficulties.
The instruction was dominated by the teacher's talk. Therefore, a few student errors
or difficulties, in segment 6 and segment 10, were observed. In segment 6, a student
had difficulty deciding the unit of measure when the value of pi was 3,14. The
teacher reminded students that a one-meter square is 10000 times bigger than a
centimeter square, not 100 times. Efe performed the multiplication and explained the
unit of measure. In the tenth segment, the teacher checked students’ solutions and
told them in which steps they made wrong calculation. These segments were scored

“Low” because the teacher's remediations were procedural.

The segments scored “NP”, “Low” and “Mid” for Teacher Uses Students
Mathematical Contribution. As mentioned before, the instruction was dominated by
the teacher’s talk, and the teacher solved the questions himself. These segments were
coded “NP” because the students’ contributions were not substantial. In the segments

coded “Low” the students’ contributions and the teacher’s response were in a pro
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forma way. Mostly the teacher developed the math. In segment 2, although the
segment was dominated by the teacher’s talk, the teacher highlighted a student’s idea
and used it to develop mathematics. So, the segment was scored “Mid.” The other
segment that scored “Mid” was segment 4. Students explained why the side of the
rectangle was equal to the radius and half of the circle’s perimeter. Efe used these
students’ explanations to develop the area formula of the circle. Most of the time
was spent on the teacher’s talk. However, the teacher used some student answers to

develop math.

For overall Working with Students and Mathematics, segment 2 and segment 4,
scored “Mid” and segment 7 scored “NP”. The other segments received a “Low”
score. The teacher interacted with students, but the interaction was not substantial in
most of the segments. It was the teacher who developed the mathematics. He heavily
scaffolded the students while developing the area formula of the circle. Segments 2
and 4, were scored “Mid” since the teacher used students’ ideas to go further. Also,
the teacher solved the questions himself at first. Therefore, student contributions

were limited.

Working with Students and Mathematics code shows the teacher and students’
interaction around the content. Efe’s instruction scored “Mid” or “High” for some
segments in Richness of Mathematics dimension, although it was scored “Low” for
Working with Students and Mathematics codes. The instruction was generally

dominated by the teacher and the mathematics developed by the teacher.
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4.6.2.3. Common Core Aligned Student Practice (CCASP)

Common Core Aligned Student Practice dimension includes five subdimensions
which are Students Provide Explanations, Students Mathematical Questioning and
Reasoning (SMQR), Students Communicate about the Mathematics of the Segment,
Task Cognitive Demand, and Students Work with Contextualized Problems. CCASP
focuses on evidence of student involvement in the tasks. It tries to capture the extent
to which students engage in and work with the mathematics of the segment. Student
explanations, student mathematical questions, students' reasoning, tasks, and
problems that students work with are scored for the CCASP dimension. The tasks
and the problems that the teacher selects to use during instruction are affected by
teachers’ knowledge of content and teaching and teacher knowledge of content and
students. If the teacher knows what is easy and what is difficult for his students, he

will select tasks that support students’ learning.

All the dimensions of CCASP were scored. The Distribution of segment scores is

given in Figure 15.

CCASP
11
P |
8
7
6
5
4
3
2
1
0
Students SMQR Student Task Cognitive StudentsWork Overall
Provide Communicate Demand with
Explanations about the Contextualized
Mathematics of Problem

the Segment

ENP mlow mMid mHigh

Figure 15. Distribution of CCASP scores
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Evidence and segment scores of the CCASP are presented in the Table and Table.
For Students Provide Explanations dimension eight segments scored “NP”. There
were only two instances in which students provided explanations. In segment 1,
students explained which circular region they would choose, and why. Student
explanations were frequent, so the segment scored as “Mid”. In segment 4, a student
explained the relationship between the base of the rectangle and the perimeter of the
circle. The student’s explanation was substantial but not sustained. The teacher

maintained the explanation, and the segment scored “Low”.

The instruction was dominated by the teacher’s talk and most of the time the teacher
developed the mathematics. Therefore, only two instances, in segment 3 and segment
4, scored for SMQR. In segment 3, the teacher explained the infinity and a student
asked how it was possible to perform operation with an unknown. The teacher
divided the circle into sectors and rearranged the sectors to get a rectangle. A student
asked if all geometric shapes were obtained by dividing a circle into parts and then
rearranging parts. The teacher answered “No” and the students did not sustain the

questioning. So, the segment received a “Low” score.

One segment, segment 8, scored “NP” for Students Communicate about the
Mathematics of the Segment dimension. Segment 8 was dominated by the teacher’s
talk and no mathematical student contribution occurred. Segment 1, and segment 4,
received a “Mid” score because some brief and some substantial student
contributions occurred. In the first segment, students voiced their thinking about
which circle was bigger. They explained their reasoning. In segment 4, students
contributed to development of circle’s area formula. A student solved the question
on the board, and segment 10 was scored “Mid”. In segment 9, more than one
student presented their solutions on the board and scored “High”. The rest of the
segments scored “Low” since students' contributions were brief, limited to one-or-

two-word answer to the teacher’ questions.

At the beginning of the lesson, the teacher presented a story problem and asked
students how they decided which circle was bigger. So, segment 1 received a “Low”

score. Then the teacher wanted students to explain how they could find the area of a
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circle. It was a highly cognitively demanding task for seventh-grade students.
However, the teacher scaffolded heavily and offered a solution method. Therefore,
segments 2 and 3 scored “Mid” instead of “High”. Also, segment 10 scored “Mid”,
since the student worked on a cognitively demanding task. The question required
more than the application of the area formula and the solution was not obvious.
Segments 5 and 8 scored “NP” since the teacher’s talk dominated the segment. He
summarized what they learned and talked about the history of math. The other

segments score “Low” because students work on simple pure geometry questions.

The teacher started the instruction by introducing a story problem, and they worked
on it through the first two segments. So first two segments scored “Mid” for the
Student Work with Contextualized Problems dimension. In segment 3, the teacher
drew a circle, rearranged segments, and talked about pure geometry. In segment 4,
the teacher turned back to the story problem and solved it. Therefore, S4 scored as
“Mid” for Students Work with Contextualized Problems dimension. After they
developed the area formula of the circle, they worked on pure geometry and

segments received an “NP” score.

Overall CCASP that scored students’ involvement in doing mathematics was scored
“NP” for segment 5 and segment 8. These segments were dominated by the teacher
talk, and no important student contribution occurred. Segments 3, 6, and 7 received
“Low” scores because the teacher’s talk was dominated the segments, and only a few
students' contributions observed. The other segments scored “Mid”. No segment

scored “High” for Overall CCASP.

The evidence and segments scores were presented in Table 25 and Table 26.

4.7. Second Observation of Efe: Area of Sector

The second observation of Efe’s lesson took place while he was teaching the area of
sectors, and it took place in the seventh-grade classroom. The lesson was videotaped
and audiotaped, and the researcher was in the classroom as a passive observer. The

observation process lasted for two consecutive lesson hours because covering the
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objective of the area of the circle lasted two hours. His 7th-grade class was composed
of both boys and girls since it was a coeducational school. 36 students registered in
this classroom. 4 students were absent on the day of observation. The observation

took place in the first week of May.

4.7.1. Summary of the Lesson

The first minutes were spent greeting the students. Then Efe drew a circle on the
board and he said he wanted to make a wooden wheel of fortune. Therefore, he
divided the circle into 3 sectors with different central angles. He said he wanted to
paint all three sectors with different colors and called a painter cost of painting. He
asked the students how the painter explained the cost of the painting. A student said
the painter informed the cost of 200 or 180 degrees of the sectors, and the teacher
could calculate the cost of each sector using this information. Another one said he
needed to know the radius of the circle. Efe reminded the students that the painter did
not know the shape of the object. Ezgi said he could inform the teacher about the cost
of a square centimeter or a square meter. Efe confirmed Ezgi’s idea and asked the
students how to calculate the cost of each sector separately. Efe wanted the students
to decide on a reward for each sector of the Wheel of Fortune. Kagan claimed they
should choose a more valuable reward for the blue sector because the chance of

stopping the Wheel of Fortune in the blue sector was less likely.

Efe: Why?
Kagan: 1t has the smallest area.
Efe: You said its area is smaller than others. How do you know?

Kagan: 1t seems so.

Efe said it could seem smaller, but it was not meaningful for mathematicians. A
mathematician should do an operation and be sure that it is smaller than others. Then,
he asked if the given information was enough to calculate the cost of the painting.
Ferit said they needed the central angle of the sector. Ahmet said they also needed

the radius. Mehmet said the cost could be calculated by using perimeters of sectors.

181



Efe: How will you find it? Can you explain Mehmet?

Mehmet: Using perimeter, we can find the radius of the circle then we can
calculate the area.

Efe: You can find the whole area of the circle, can’t you? How will you find
the area of the blue sector?

Mehmet: Oh, no. We cannot find it.

Mehmet realized it was not possible to find the area of the sector just knowing the
radius. Bekir recommended using proportion using angles of the sectors. Some other
students also confirmed Ferit’s idea that the central angle was necessary. The teacher
declared that they agreed that both the radius of circles and central angles of the
sector were necessary. Then he repeated Bekir’s words and approved Bekir’s idea.
Efe asked about the type of proportion between the area of a sector and the central
angle of the sector. The students said it was a direct proportion. The students
explained if the central angle of a sector gets larger, its area also gets larger. Efe and
the students interactively ordered sectors from the smallest to the biggest according
to central angles. Then, they decided to find the area of the whole circle first. Bekir
had already reminded the area formula of the circle and the teacher repeated it and

asked what should be the value of =.

Efe: In another class, one of the students wrote © equals 3 cm. What do you
think? Is it true?

Elif: It cannot be cm. We do not know the exact value of the 7.

Eda: Since = is infinite, it cannot be length.

Efe: You are confusing the value of the m and the unit of the 7. We have
discussed the value of the m and, decided it is not possible to know the exact
value of the m. The students wrote © equals 3 cm. Is it true?

Elif: No, it is not true. 7 is not a length.

Efe: t is a ratio and constant number. It does not have a unit.

They turned back to the question and calculated the area of the circle and the cost of
painting the whole circle which was 150 TL. The teacher asked how to find the cost

of the blue sector. Sina explained his solution way and did the operation on the
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board. He said he used the direct proportion. If the area of the circle with a 360-
degree central angle was 300 cm?, the area of the sector with a 60-degree central
angle was 50 cm?. Since painting 1 cm? cost 0.5 TL, painting 50 cm? area cost 25 TL.
Efe explained Sina’s solution to the students. Efe asked the students if there was
anybody who used a different solution method. Deniz said he said he divided the
total area of the circle by 360 and then multiplied the quotient by 60 to find the area

of the blue sector.

Efe asked the students how to write the proportion they used in symbolic sentences.
Tuna stated the area formula of the sector. However, the teacher asked how did he
get the formula. Tuna had difficulty explaining. Elif reminded while learning the
perimeter of the sector, they first calculated the whole perimeter of the circle and
then divided 60 by 360 to find the perimeter of a small part. She offered to use this
way to calculate the area of the sector. Efe confirmed her and said he would explain
it in detail. He offered to divide the whole area of the circle by 360. The students said

the result of the division was the area of the sector with a 1-degree central angle.
Then the teacher multiplied the % by 60. Then he said the area of the circle could
be different than 300 and the central angle could be different than 60- degrees. The
only number that would stay constant in operation %. 60 was 360. Therefore, to

use this operation to solve other questions, he said they needed to generalize this

operation to get a formula. The first hour of the lesson ended.

At the beginning of the second hour, Efe wrote 1.z for the area of a circle and named
the central area of the sector as a. Then, he noted the area formula of a sector as %.
60. Throughout this process, the students actively incorporated with the teacher. The
students copywrite what the teacher noted on the board. While the students were
taking notes, Efe reminded them what they talked about m and the history of
mathematics in previous courses. Efe posed a question related to finding the area of
the sector and wanted the students to explain how to solve the question. inci offered

to find the area of the circle, divide it by 360, and then multiply the result by 90.
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Tuana offered to find the area of the circle and then divide it by 4 since the sector
was one-fourth of the circle. Efe solved the question in both ways and reminded the
students of the area formula of the sector. He said the logic of all three ways of the
solution was the same and they could use all three ways to solve the questions. He
wanted the students to note all solutions in their notebooks. He drew a new circle and
sector and asked for the area of the sector with an 80-degree central angle. He solved
the question using the area formula of the sector and proportion. The students noted

the question and solution ways and the second hour of the lesson ended.

4.7.2. Finding Related to MQI

In this section, Efe’s instruction while teaching the area of sectors is evaluated using
the MQI 4-Point framework. Each 7-minute segment is evaluated separately and

quality evidence of the segment is given in the tables in detail.

4.7.2.1. Richness of Mathematics

Richness evidence of the instruction is presented in two separate tables. In the first
table segment codes and evidence of meaning-oriented codes are given. Meaning-
oriented codes are Linking Between Representations, Explanations, and
Mathematical Sense-Making. In the second table segment score, evidence of
practice-oriented codes, and the overall richness scores of the segments are
presented. Practice-oriented codes are Multiple Procedures or Solution Methods,
Patterns and Generalizations, and Mathematical Language. The distribution of

segment scores and subdimension of Richness of Mathematics is given in Figure 16.

Richness of Mathematics shows deepness of mathematics that is presented to students.

Richness dimensions score both the teacher’ work and students’ work. If the students’

contributions are not completed or not correct, it is not scored.
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Figure 16. Distribution of Richness of Mathematics scores

The objective of the instruction was learning to calculate the area of the sectors. It
was a geometry lesson; the shapes do not count as representation. Therefore, only
segment 1 received a “Mid” score for the Linking Between Representations code.
The teacher connected the circle and the real-life situation. The connections were
made between the circles or the sectors and the symbolic representations. The other

segments were coded as “NP”.

Through two-hour instruction, both the teacher and students offered mathematical
explanations. Segments 2, 8, and 9 received a “Mid” score. In the second segment, a
student explained that the chance of stopping the wheel of fortune in the blue area
was the smallest because the blue area was the smallest. The explanations in
segments 8 and 9 were related to why a solution methods was true or why a solution
was true. In segment 3, which was coded “High”, the teacher explained the direct
proportion between the central angles of the sectors and the areas of the sectors. The
teacher made this explanation after the students mentioned this relation. The other
segment that received a “High” score was segment 5. The teacher explained the

reasonableness of the area formula of sectors by using students' previous knowledge.
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He explained why the formula includes the central angle of the sectors and the round
angle.

The explanations are also used to make sense of the mathematical content.
Therefore, in many situations, the instances that are counted for the Explanations are
also counted for the Mathematical Sense-Making. The segments that were coded as
“NP” for Explanation were also coded as “NP” for Mathematical Sense-Making.
Only segment 4 was scored “Mid” for Mathematical Sense-Making although it was
scored “Low ““for Explanation. The teacher's explanation about pi was scored in
both dimensions. However, the student’s statement about the relations of the

numbers scored only for Mathematical Sense-Making.

The teacher stated the area formula after working on it. The teacher endeavored to
make students explore the area formula of the sectors by themselves. For this reason,
students first discovered the direct proportion between the central angle of sectors
and the areas of sectors. So, the first three segments were spent constructing the
context and no procedure or solution methods were introduced. Secondly, Efe
introduced the area formula of the sectors and encouraged students to use
relationships between numbers while solving the questions.  Students used these
methods while solving the question and compared them. For each question they used
at least two different solution methods. Therefore, the segments where the class
solved questions were -segment 5 and segment 8- scored “Mid” while segments 4, 5

and 9” scored “High” for Multiple Procedures and Solution Methods.

The segments where the teacher and the student work on how to find the area of the
sectors were also rich concerning Patterns and Generalizations. In segment 1, the
teacher introduced the context of the problem. Nothing related to Patterns and
Generalization occurred and the segment was scored “NP”. Segments 2, 3, and 5
scored “High” because the students and the teacher developed generalizations
regarding the area of sectors. They developed that the central angle and the radius of
the sector were necessary to find the area. They generalized that when the central
angle of a sector of the circle gets wider, the area of this sector also gets wider. No
pattern was discovered, and no generalization was developed while the class working

on problem-solving. Therefore, segments 4, 6, 7, 8, 9 and 10 were scored “NP”.

186



SI JeUM JNOQE UOISSNOSIP © PIJIL)S JOUOBD) oY ], "9[0I10
JWEesS 9] JO SI10303S JO SBAIR AU} PUE SA[FUL [B1UID
o) usamjaq diysuorneor oy paure[dxo 1oyoed) oY
"S10J995 JO BAIR QU] 9JB[NO[BI 0] PIPAdU Aoy}

TeyM JO 9Suds Sunyew sem JUSWSIS Y} JO SNO0J Y,

*JSO[[BWIS A} SEM BAIB dN[q Y} 9SNEOAq
1SO[[BWUS AU} SeA BAIE ON[q Y} UI SUNJIOJ JO [03YM

ays Surddoss Jo 2oueyo a3 1eyl paure[dxa juopnis v

‘poudddey Suryew-asuas 03 paje[as SUIYION

9JdUBpPINTG 3038

BupjelN-asuss [eanewayIeN

$,10309s © udamjaq uonzodord

10011p © Sem 2191} paure[dxo

Ioyoeay oy, -oyerrdorddeur

SeM JUIPNJS B JO POYJoUL UONN|OS

Y31y oy Aym paurerdxa 10yoeo) oy,
“Jso[[ews

) Sem BAIE dNJq I} ISNEBIAq

1SQ[[BWS I} SEM BIIE IN[q Y}

ur ounjioj Jo [9oym ayy Surddoss jo

PIA  Qoueyd a3 ey paure[dxd Juopms y

"SJUSPNYS 10 JOYIBI) A1) £q PIIAJJO
dN sem uoneue[dxo [Ed1EWAYIEW ON

uoneue|dx3

9dU3pPINTg 3038

-Anowoa38
ur uoneudsaldalr e

UySIH sejunoo jou op sadeys oy,

*A1}om093

ur uonjejuasaidar e

PIA S junoo jou op sadeys Yy,
JUSJUOD [BOTJBUIdYIE

03 (Um0 JO [9oyM

& Sunured) uonenrs oJI

dN  -Teo1e payul[ Joyoed) oy,

suoljeluasaiday

ussmiag Bujui

[-SonetIayjeJA JO SSOUYIIY JO S0UIPIAS PpuUL S2I0IS 9JH JO UOIBAIISQO pUOdasS ‘)¢ 9|ge L

9dU3pPINT 34038

dN €S
dN es
PIN TS

1uswbas

187



"pIeoq oy uo sSunrim pordoo syuopnys
pue uoIssaIdxa o1eIqoS[e ue Sk 31 )M pue PIONISuod

A9V} JeY) B[NULIOJ BAJE Q) POPUIIAL JOYOBI) oY,

*$10J03S JO B[NULIOJ
BOJR O} JO SUOSs Junjewl sem Jusw3as oY) JO Snooj oy,
“$10J09S JO BAIE A} pulj 0 MOY ure[dxa 0} S10J09S

Jo 101ownad oy Jnoqe aZpajmouy| Iay pasn JuspmIs y
‘uonn[os

s1y poute[dxo-01 10Y0B9) oY} pue Uonsanb e 9A[0S

0} sIoquINU U0aMm}aq dIysuone|ar oy} pasn Juopnis y

‘1d oy Jo Surueow oy} poure[dxa 19yoe) oY,

“pazifeury jou sem J1inq 1d jo jrun oy

‘pIeoq oy}

uo s3unum pardoos syuepmnys pue
uoissa1dxo o1eIqa3[B UR SB I )M

PUEB POJONNSUOD AJU[} JBYf} B[NULIO]

dN BOIR O} PAPUILLAI IR} I ],
"SJUApMIS Ay M oAanedIdnnu

Se $10J03S JO 9[3ue [BNUID I} pue
JOJRUIWIOUIP O} UL ()9¢ SOpNJoul

S10309S JO B[NULIOJ BIIE I}

Aym Jo o3papmou| pado[orap oH
'$10303S A1) JO

B[NULIOJ BAIR A} JO SSOUI[RUOSLAI

Y31 o pauredxe 1oyoes) Ay,
“Joqunu

JUBJSUOD PUE OIJRI B SI J1 9SNEBOIq W

JO W 9YI[ J1un & 9AeY Jou saop 1d

PIAN ey} paure[dxd A[JoLIq JYILI) oY T,

(senunuoo) */z s|qe L

“BaJR pUR J[3UB [BNUID

‘pardoo syuapnis pue
uo1ssaxdxs oreiqog[e ue
SE J1 Y}1M PUB PIJONLISUOD
A2y} 1ey) B[NUWLIOJ BaIR

dN 9y} poapuIor 1oyoed) dy ],

*Anowiodd
ul uonejuasaidar e se

Y31 junoo jou op sadeys Ay,

MO0 “Po1IMO90 SUnuI] ON

dN

dN

dN

9sS

GS

¥S

188



‘pouaddey Suryew-asuas 03 paje[dI SUIYION

-orenidordde

QJOM SPOYIOW UOHN[OS YOIy paure[dxa 1oyoed} oy ],
*10J09S A} UL O[OIID A} JO SO[Sue [e)UD Y}

3uisn Aq uone[a 1ouenb-sjoym Yy paure[dxa juopnis

-SurAdoo a1om SIUSPMYS J[IYM

SOTJEWIOY)EW JO AJ0JSIY A} JNOQE Pa[e) JOyoed) oY I,

dN

PIA

PIN

dN

"SJUOPMS JO 10Y0B9) o) Aq PaIdYJo

sem uoneue[dxo [eOTIEWIAYIRU ON

-9rerrdordde o1om spoyjow uoNN|oOS

yorym pauredxa 1ayoes) oy,

‘[Te3op Ul on1) Sem POYou UOIN[OS

SIy Aym poure[dxa juspnis y

‘SurAdoo arom syuopnys

S[IyM SOTRWAYIEW JO AI0)STY

JY) Jnoqge pay[e} yded Y],
(ssnunuod) 'z a|qe.L.

dN

PIA

PIN

dN

*A1nowiodd

u1 uonejuasaidar e

se Junod jou op sadeys Y[,
*A1owoa3

ur uonejudsaidor e

Se Junoo jou op sadeys oy J,
*Anowoad

ur uonejuasaidor e

se Junod jou op sadeys oy,
‘SurAdoo

QI9M SJUSPNYS J[IYM
sorjewayjeW Jo AI03S1Y Y}

Inoqe pad[e) Joyoed) oy,

dN

dN

dN

dN

0TS

6S

8S

LS

189



yStH

PIN

MO

31003
e

13700

‘Teuonzodoid Apodxp
oIe o[Sue [eNUAD pUR J0JOIS B
Jo vare (¢) porjdde aq ueos uonzodoad

30211p (Z)PAPadu d1e SnIper Ay} pue

*KJIsuap dreIopowr yim den3ue] $10393S JO S9[3U. [BIUID (]) 10309
[eOTRWISYJEW Pasn IOYoed) oy I, PN ®JO ®BaIe o) pulj 0} 9zI[e1ouas Aoy T,
‘9[3ue

plom 9y} JO pedjsul J[Fue [eNud

osn 0} syuapnys passaid 101oed) Ay T ‘pazIjeulj Jou sem 1 Jng S10309S
*KJ1suap dreropowr ym dfendue] JO seare pulj 0} AIeSS00U sem J[3ue
[eonjRWOYIRW Pasn Iayoea) oY, St [e1U9D Y} JeY) PozZI[eIouasd Aoy

‘J[Ing Sem UOT)IULJOP

bosn OU pue ‘paIdA0ISIP sem uIded oN
o3en3ue| [eonjRWAYIBUW AJISUIP-MO] MOT ‘padojaaap sem uoneZI[eIdUAT ON
90UapIAT 94005 90UspIAT
abenBue [eanewayIeN uonezijesauss) pue suasned

"S10199S JO BaIe U} pulj 0}
uonzodoid 30011p pasn A3y,
*9[IId 2 JO

ySIH  e[nuiIoj BaIe oy} pasn Aoy ], dN €S

"SpoYIowW UOHN[OS
pue sampadoxd aidnnu

PIA JO 30USPIAS OU SeM IS ], dN ZS
"SPOYJOW UOTN[OS

pue sainpasoxd pdnnu

dN JO 90UOPIAD OU SeM QI |, dN 1S
34005 30UapINg 0100S | juawbas
SPOUIBIN

uoI1IN|OS 10 81NPad0ad aidnny

[I-SONBWAYIRIA JO SSAUYIY JO OUIPIAD PUL SII0IS 97 JO UONBAIISGO PUOIIS'QZ d|CeL

190



‘paeoq a3 uo sunum pordoo
sjuopmys pue uorssaidxe oreiqoSye
Ue Se J1 J}IM pue pajonnsuod Aoy ey

dN  B[NUIOJ BOIE OU} POPUILLAL JOYOELd) O],

*K)Isuap 9yeopowr Yim agen3ue]
[eonBWAYIRW PIASN JOYOB) YT,
peillinnell

PUB BAJE SPIOM 1]} JO SN JJBINOIL

ysSiy 10J JUSPMYS B PAUIEM IOYOEd) O ],

*K)Isuap 9reropowr Yim agendue]

yStg [EOTIRWISYJEW Pasn IaYoed) oY I,

‘pIeoq

oy uo sSunum pardoo sjuapmys pue
uorssa1dxo oreIqoS[e ue se 31 YPIm
pue PJoONISuU0d A3y} Jey) B[NULIOJ

MO BOIR Q) POPUIISL JOUOB) Y],

*S10}09S
JO BaIE Y} pulj 0) SUOLRZI[RIdUST

ysig Surdo[oaap uo pasrom Ay,

‘J[Ing Sem UOT)IULJOP
OU pue ‘paIdA0DSIp sem uIdyed oN

PIN ‘pado[oAap sem UONRZI[RIOUIS ON

(sanunuod) ‘gz s|qe.L

‘pIeoq oy}
uo s3unm pardod syjuapms
pue uorssaidxe oreiqeSye ue

Se J1 J)IM pUe B[NULIOJ BaIe

dN O} POPUILIAL JOYoBa)} d ],
“PALINOS0

UOTSSNOSIP 1I0YS Y “POyIowt
uonnjos siy yym i paredwod

pue juswgas snoraaid

oy} Ul PJONPUOd UOHN|OS

St  juopmys pajeadal 1oyoes) o],

*9sh 0} PoyIoW YOIYMm 9S00YD
0} moy paure[dxe 19yoes)

dy [, ‘uontodoid 30011p

Sursn Aq uornsanb swes oy
PAAJOS 19UJB2) A, "SIoquunu
u29Mm3aq sdiysuonerar

Suisn Aq uonysonb

dN O} PAAJOS JUPIIS Y

dN

YSIH

ySTH

9S

GS

¥S

191



‘asn aFenue|

MO [eonyeWAYIEW JO AJISUP MO] oY,

*A}ISuap 9jeIopowl Ym aFen3ue|

PIN [eonRWAYIEW PAsN Joyoed} dY ],

*K)ISUQp 91eIdPOW M dFenIue]

PIN [eonBWIDY)EUW PASN 1YL} YL
‘Burfdoo

0IOM SIUSPN)S JIYM SOTJEWOYJE

dN = JO A103S1Y QY3 In0qe pay[e) Joyoes} oy ],

MOT

PIN

PIN

MO

‘J[InQ SeM UONIULJIP
OU PUE ‘PAIdA0DSIP Sem uIdned oN

‘padojoAap sem UOnBZI[BIdUSS ON

"J[Inq SeM UOIIULIp
OU puE ‘PaIdA0SIp sem uIdned oN

padoloAdp sem uonezIjeIouss oN

‘J[Ing Sem UOIULIP

OU PUB ‘PAIIA0ISIP sem u1dped oN

‘podojoAap sem UOnEBZI[BIdUST ON

‘Burfdoo

QIOM SJUIPMYS AIYM SONRWAYJRW JO

£K103S14 9Y) In0qe Pay[e) Joyoed) Ay,
(senunuoo) ‘gz s|qe.L

"PI1RIAP JOU SBM 1 Ing

IOISBD SeM oYU UONN[OS

AN UOIym pauonuaw Judpmis y
-uonrodoid joa1rp

PUE S10J09S A} JO B[NULIOJ

BaJR U) SuIsn uonsanb

IOYJOUB PIAJOS IJDIBI) YT,

“JOISED SeA POy YoIym
passnosip pue uorsanb o3urs

® J0J SUONN|OS JUIIIP

dN | 991U} paonposur Joyoes) oy ],
‘drysuonerar 1031enb

-ojoym oty pue uonzodoid

10011p Suisn Aq uonsanb

dN [} PAAJOS SIDYOBI) A ],
‘Surkdoo a1om syuopmis

O[IYM SOIBWIAYIRW JO AI0ISIY

dN | 9y1Inoqe pay[e} Joyoes) oy ],

MO

YSTH

PIN

dN

0TS

6S

8S

LS

192



The teacher generally used mathematical language in moderate density. He was
careful about the accurate use of mathematical terms and pressed the students for
accurate use. Therefore, six segments received “Mid” or “High” the mathematical
language score. The first segment scored “Low” for the Mathematical Language
because the teacher introduced the context and used a few mathematical terms.
Segments 6, 7, and 10 also scored “Low” because the teacher repeated what they

learned and talked about the history of mathematics while students were taking notes.

The depth of the mathematics offered to students in each segment scored using an
overall score. Segments 6 and 7 received “NP” for the overall score because the
students were copying the writings on the board, and it was not possible to observe.
Segment 1 and segment 10 scored Low”. During the development part of the
instruction, both the teacher and students offered explanations about solution
methods, developed generalizations, and made an effort to explain the relationship
between numbers. Therefore, segments 3,4,5 scored “High” for the overall richness

code. Segments 2.8, and 9 received a “mid” overall richness score.

The evidence of dimensions and score of segments were given in the Table 27 and

Table 28.

4.7.2.2. Working with Students and Mathematics

In this section, the score and evidence of the Working with Students and
Mathematics are given. The Working with Students and Mathematics dimension is
highly related to teachers' knowledge of content and students. If the teacher knows
possible students’ errors and difficulties related to the content that is taught, he can
plan pre-remediation activities. The teacher also can hear, understand, and use
students’ contributions to develop mathematics. The segments coded “NP” or “Low”
for both Remediation of Students Errors and Difficulties and Teacher Uses Students
Mathematical Contribution. The distribution of segment scores and subdimension of

Working with Students and Mathematics is given in Figure 17.
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Working with student and Mathematics

=
O O -

O R NWbRULIO O

Remediation of Students Error Teacher uses Student Overall
and Difficulties Mathematical Contributions

ENP Hlow HMid ®High

Figure 17. Distribution of Working with Student and Mathematics scores

Evidence of Working with Students and Mathematics and scores of the segments are
given in the table below. Eight segments were coded “NP”, one segment was coded
“Low”, and one segment was coded “Mid” for Remediation of Student Errors and
Difficulties. In eight of segments no student errors or difficulties were observed. In
segment 3, a student conducted an unnecessary operation. The teacher warned the
students and explained the meaninglessness of his operation. Also, in segment 3 a
pre-remediation occurred. The teacher said a student in a different class wrote n= 3
cm and asked the students if it was true. The teacher explained number what pi was
and said it did not have a unit of measure. Therefore, the third segment received a

“Mid” score. In segment 9, a student asked what o means.

During the instruction, the teacher interacted with students. Although the teacher’s
talk was dominant, Efe was willing to use students’ substantial contributions to
develop mathematics. In the first five segments, they work on how to find the area of
a sector. the students actively participated and the teacher highlighted correct student
ideas and used them to construct the content. So, For the Teacher uses Student
Mathematical Contributions code, the segments receive “Mid” or “High” scores. In
the second hour, the students took notes, then they solved questions. Segments 6, 7,

and 10 scored “NP”. Since the teacher identified a student with his solution and used
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it to solve the questions as a second method, the segment received a “High” score.
During segment 9, the teacher referred to a student’s solution method and explained
why it was inappropriate to use that solution method. So, the segment received a

“Low” score, because the explanation was about the procedures of the question.

For overall Working with Students and Mathematics, the segments got “NP”, “Low”,
“Mid” and “High scores. In the first hour of the instruction, the teacher and the
students interacted to find out how to calculate the area of the sector and the
segments of the first hour scored “Mid” or “High”. However, in the second hour, the
segment dominated by teacher’s talk and the teacher solved the question himself.
Three segments of the second hour scored “NP” and one segment scored “Low”.

Only one segment received a “Mid” score.

This instruction received a very close score for Richness of Mathematics and
Working with Students and Mathematics dimensions. The student engaged in rich
mathematics in the first hour of the instruction, and the teacher developed
mathematics with the ideas of the students. As a result, both dimensions scored

similar.

The score of segments and evidence were given in the Table 29.

4.7.2.3. Common Core Aligned Student Practices (CCASP)

Common Core Aligned Student Practice dimension includes four subdimensions
which are Students Provide Explanations, Students Mathematical Questioning and
Reasoning (SMQR), Students Communicate about the Mathematics of the Segment,
Task Cognitive Demand, and Students Work with Contextualized Problems. CCASP
focuses on evidence of student involvement in the tasks. It tries to capture the extent
to which students engage in and work with the mathematics of the segment. Student
explanations, student mathematical questions, students' reasoning, tasks, and
problems that students work with are scored for the CCASP dimension. The tasks
and the problems that the teacher selects to use during instruction are affected by

teachers’ knowledge of content and teaching and teacher knowledge of content and
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students. If the teacher knows what is easy and what is difficult for his students, he

would select tasks that support students’ learning.

All the dimensions of CCASP were scored. The distribution of segment scores is

given in the Figure 18.

CCASP
11
10
9
8
7
6
5
4
3
2
1
0
Students Provide SMQR Students Task Cognitive Students Work Overall
Explanations Communicate Demand with
about the Contextualized
Mathematics of Problems.

the Segment

ENP mlow mMid mHigh

Figure 18. Distribution of CCASP scores

Evidence and segment scores of the CCASP are presented in the Table and Table.
For the Students Provide Explanations dimension seven segments scored “NP”.
Students’ explanations were observed in segments 2, 5, and 8. In segment 2 a student
explained the chance of stopping the Wheel of Fortune in the blue sector. His
explanation was more than brief and scored “Mid”. In the fifth segment, a student
indicated the area formula of the sector. The teacher asked students to clarify what
the formula meant. The student’s explanation was not complete and received a

9

“Low” score. Another student explanation occurred in segment 8. The student

explained why his solution worked.

Efe’s instruction was generally dominated by the teacher’s talk. Students'

contributions were not frequent. Therefore, six segments scored “NP”, one segment
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scored “Low”, one segment scored “Mid” and two segments scored “High” for the
SMQR dimension. In segments 2, 3, and 5 students’ explanations occurred. The
second segment included only one instance of student explanation and scored “Mid”.
In the third segment, student contributions were frequent and substantial. So, the
segment scored “High”. In segment 5, a student made a connection between the
previous learning and the new content. She said the length of the arc and the central
angle of the sector were directly proportional. The area of the sector and its central
angle were directly proportional, too, and they could write a direct proportion as they
did to find the length of the arc. Some other student explained their idea about how to
find the area of the sector and the segment received a “High” score. In segment 8§ a
student said they could divide the total by 4 to find the area of the sector with 90
degrees because the sector was one-fourth of the circle. the student’s justification

was the only reasoning that occurred in the segment and scored “Low”.

The teacher engaged students in the lesson by asking questions. The instruction went
on the teacher’s questions and students’ answers at some points. So, For Students
Communicate about the Mathematics of the Segment dimension three segments were
scored “NP”. Segments 6 and 7 scored “NP since they were dominated by the
teacher’s talk while students taking notes. In segment 10, the teacher solved the
question by explaining the solution steps, so, it scored also scored “NP”. Segments 1
and 9 scored “Low”. In the first segment, the teacher presented the problem situation
and some students contributed to the instruction briefly. In segment 9, students
described the solution methods partially. The teacher clarified and developed the
students’ methods. Segments 2, 4, and 8 scored “Mid”. In segment 2, some brief
student contributions accompanied a student explanation. Segment 3 and segment 5

scored “High” because substantive student contribution occurred.

The teacher started the instruction by presenting a real-world problem. Students
worked on this problem through the five segments. Therefore, the first five segments
scored “High” for the Student Work with Contextualized Problems dimension. In the
fifth segment, they developed the area formula of the sector and talked about
different solution methods. In segments 6 and 7, the teacher summarized what they

did and talked about the history of math while students took notes. So, they scored
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“NP”. Through the last three segments, students worked on pure geometry tasks and

solved no contextualized problem. As a result, they scored “NP”’.

The first segment started with the presentation of a real-world problem. The segment
was dominated by the teacher’s talk and a few students’ answers occurred. So,

b

received a “Low” score for Task Cognitive Demand. In the second segment, the
teacher developed the problem and asked students how to calculate the area of
sectors and what was necessary to know to find the area. It was a highly cognitively
demanding task and segment 2, and segment 3 scored “High”. Students explained
their ideas about how to calculate the area of the sector and segment 4 received a
“Mid” score. In the fifth segment, a student drew a connection between previous
learning and the new concept. Therefore, segment 5 scored “High”. Segments 6, 8, 9,

and 10 scored “Low” because students work on simply pure geometry tasks” that

required low cognitive work. The only segment that scored “NP” was segment 7.

Overall CCASP that scored students’ involvement in doing mathematics was scored
“NP” in three segments. Segments 6 and 7 scored “NP” because these segments were
dominated by the teacher’s talk and only some insignificant student contributions
occurred. The teacher solved the questions o, and the tenth segment scored “NP”,
too. Segments 1 and 9 received a “Low” score since few brief student contributions
were observed. While segment 4 and 8 received a “Mid” and segments 2, 3, and 5

scored “High”. The score of segments were presented in Table 30 with evidence.
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CHAPTER 5

CONCLUSION and DISCUSSION

This study provides a detailed look inside the mathematics instruction of two middle
school mathematics teachers and aspects of instruction that teachers highlighted in
group discussion. The group discussions were conducted almost one month before
the instruction. Teachers shared their own teaching experiences. That is, they talked
about their teaching methods, activities they implemented, problems they solved, and
difficulties their students faced related to the area of circle and sector. Two
inconsecutive lessons of each teacher were videotaped and then analyzed using the
MQI framework. The MQI enables the observer to investigate the instruction and
analyze the mathematical quality of the instruction. (Kane & Staiger, 2012).
Instructions took place in the seventh-grade classrooms. Lessons were divided into 7-

minute segments for analysis.

The lesson was introduced and developed by the teacher and the teachers got the
highest in the Richness of Mathematics sub-dimensions while teaching the area of
the circle. The distribution of richness scores of Ali’s instructions’ segments was
presented in Figure 19 and Efe’s instructions’ segment scores were presented in
Figure 20. The finding of this research about the MQI dimension is similar to the
finding of Adkins (2017). As seen in the Figures, teachers used the Linking Between
Representations dimension only in 6 segments out of 40 segments and only one
segment received a “High” score. The teachers were good at explaining the content
and constructing a lesson to make sense of the mathematics. The segments received
an Explanation score for 26 segments and 18 of these segments scored “Mid” or
“High”. The teacher put effort into making students make sense of the area formula
of the circle and they received a Mathematical Sense-Making score for 29 segments

and 20 of these segments scored “Mid” or “High”.
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Multiple Procedures and Solution Methods were observed only 3 times in total while
teaching of circle’s area. However, in the teaching sector’s area, multiple solution
methods were observed more frequently. The reason for this result can be the
mathematics curriculum of middle school. In the mathematics curriculum (MEB,
2018), the use of direct proportion as a second solution method while teaching

sectors’ area was suggested. No second way was offered to find the area of the circle.

Another richness dimension that was used the least is Pattern and Generalizations.
Teachers developed generalizations in 10 segments out of 40 segments. The teacher
generalized the area formula of circles and sectors. While solving questions, they

introduced no problem that required to development of a pattern or a generalization.

They also used mathematical language carefully and precisely. Only in a few
instances of floppy use of language was observed. Efe used the word “regular
shape” while he was talking about convex polygons and Ali used “angle” instead of
“central angle”. The study by Adkins (2017) presented similar results that teachers

were careful about mathematical language.

Richness of Mathematics

20
18
16
14
12
10
8 —
6
4
2
0
Linking Between Explanations Mathematical Multiple Patternsand  Mathematical
Representations Sense-Making Procedures and Generalizations Language
Solution
Mathods

ENP ®low mMid ®High

Figure 19. Distribution of Richness score in Ali’s instructions
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The use of Explanations and Mathematical Sense-Making shows that the teacher
knew the content they teach. The findings of the group discussions support this
result. The teachers explained the content, offered more than one teaching method,
and talked about the important terms of the content such as pi, central angle, area,

perimeter, and measurement unit.

Richness of Mathematics

20
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1 - R
14
12
10
8
6
4
2
0
Linking Between  Explanations Mathematical Multiple Patterns and Mathematical
Representations Sense-Making Procedures and Generalizations Language
Solution
Mathods

ENP mlow mMid mHigh

Figure 20.Distribution of Richness score in Efe’s instructions

There was only one subject that teachers had insufficient knowledge. Both teachers
had insufficient knowledge about the unit of measure of the area. Both Ali and Efe
explained that the measure of the area is a meter square because of the multiplication
of two lengths. The research in the literature indicated that teachers also faced
difficulty in understanding unit of area measurement (Kordaki & Potari, 1998; Ma,
2010; Outhred & McPhail, 2000; Outherd & Mitchelmore, 2004; Zacharos, 2006;
Reinke, 1997). As a result, students face difficulty in understanding the measurement
unit of the area (Kamii & Kysh, 2006; Kordaki & Potari, 1998; O’Keefe & Bobis,
2008).
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Teachers corrected students’ errors and used students’ contributions in Working with
Students and Mathematics dimension (See Figure 21 and Figure 22). In the pre-
instruction group discussion, Ali mentioned possible student errors and difficulties.
He knew the content that he was going to teach and his students. He said his students
faced difficulty in distinguishing the area and perimeter concepts and their formulas
and the studies in the literature stated similar results (Smith et al., 2013; Smith et al.,
2016; (Olkun et al., 2014). At the beginning of the lesson, Ali defined the area and
briefly reminded students what the perimeter was. However, during the instruction,
students used the perimeter formula to find the area, or they divided the area by 2 to
find the radius. In this situation, the teacher wrote down the area formula and
performed the operations, but the students’ confusion continued throughout the
lesson. The instants sored “Low” for remediation of student errors and difficulties
dimension. Another student difficulty that Ali mentioned was difficulty in
performing operations with r°. Students multiplied the radius by 2 to find the 12, they
divided the total area by 2 to find the radius. The teacher showed the procedure and
explained that r* means r times r. However, students' confusion continued. The
literature indicated some similar result that students face difficulty in justifying the
area formula of the circle and they memorize and use it without understanding

(Demir et al., 2022; Lehmann, 2024; Rejeki & Putri, 2018).

Working with Students and Mathematics

20
18
16
14
12
10

oON B O

Remediation of Students Errors and Difficulties Teachers Uses Student Mathematical Contribution

ENP Hlow EMid ®High

Figure 21.Distribution of Working with Students and Mathematics in Ali’s
instructions
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The other difficulty that Ali said was difficulty in multiplication with decimals.
When Ali asked students to use the value of pi as 3.14, students said they could not
perform the multiplication because they did not know how to multiply with decimals.
Al said they had covered the topic in fifth grade. The teacher knew the curriculum
and planned a lesson using previous learning. However, the students did not
remember their previous learning. In the group discussion, Ali said these difficulties
were related to a lack of students’ previous knowledge and he did not have time to
cover previous topics. Also, he said he did not want to lose the students’ attention
who already knew previous content. The reasons for the difficulties in the
multiplication of decimals are not having adequate knowledge about the numerical
value of the decimals and misplacing the decimal point (Brueckner, 1928). In Ali’s
classroom, some students face difficulty in the numerical value of the decimal and in
Efe’s classroom, some students face difficulty in putting decimal points after

multiplication.

Working with Students and Mathematics

20 [—
18

16
14

10

OoON B~ O

Remediation of Students Errors and Difficulties Teachers Uses Student Mathematical Contribution

ENP Elow HMid mHigh

Figure 22.Distribution of Working with Students and Mathematics in Efe’s
instructions

Students in Ali’s classroom faced difficulty in understanding the meaning of pi. Ali

did not explain what the pi was. He said they discussed the pi a week before.
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Although Ali’s behavior may be scored as a lack of content knowledge, the group
discussion data showed he knew the pi. During group discussion, they talked about
pi for a while, and Ali also contributed to this discussion and said while teaching the
perimeter of the circle, he mentioned that pi is the ratio of a circle’s perimeter to its
diameter. However, Efe explained it was a ratio and gave more information about pi.

Although both teachers knew the pi, only Efe explained what pi was.

Effective teachers know and respond to the needs of their students (Anthony &
Walshaw, 2009). The participant teachers heard their students and used students’
contributions to move the instruction forward. However, substantial student
contributions were very rare. The teachers let students to share their solutions, to
explain their ideas, and to discuss about the content. In Ali's classroom, the students
faced a lack of previous knowledge, and their contributions were very limited.
However, Efe’s talk dominated the instructions, and students had little opportunity to

share.

Teachers used direct instruction and question-answer techniques for all instructions.
Teachers used direct instruction at the beginning segment of the instruction and
techniques such as question-answer and discussion (Yeo, 2008). Ali used the
question-answer technique throughout instructions, but students’ contributions were
generally procedural, and these contributions were one-or-two-word contributions.
Efe gave very little opportunity for students to share their ideas. Student explanations
and mathematical reasoning were rarely scored. Therefore, the least used dimension
was CCASP (Adkins, 2017). The distribution of CCASP scores in Ali’s instruction
were presented in Figure 23 and In Efe’s instructions were presented in Figure 24.
The teachers used contextualized problems to introduce the topic. However, they

heavily scaffold students when the tasks force students cognitively.

Both instructions of Efe were dominated by the teacher’s talk. Ali used the question-
answer technique more frequently. However, students' contributions to the
development of mathematics were high in Efe’s classroom. The students’
explanations were rare but substantial. In Ali’s classroom, there were many instances

in which students talked about non-mathematical topics, and students' explanations
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were brief or wrong. Also, in Ali’s classroom students conducted operations with the

given numbers without thinking about the context of the problem.

CCASP

20
18
16 S
14
12
10
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0

Students Provide SMQR Students Task Cognitive  Students Work with
Explanations Communicate about Demand Contextualized
the Mathematics of Problems.

the Segment

ENP mlow mMid mHigh

Figure 23.Distribution of CCASP scores in Ali’s instructions

The cognitive levels of the tasks were high when the teacher introduced
mathematical content. However, teachers highly scaffolded students, they offered a
way of solving and reducing the task's cognitive level. The studies in the literature
indicated similar results (Alcazar, 2017; Henningsen & Stein; 1997; Sarpkaya, 2011).
The cognitive level of the tasks was lowered by the teachers by scaffolding. Also,
the cognitive levels of the questions that they solved were low. Henningsen and
Stein (1997) stated reasons for the decrease in cognitive demands of tasks during
instruction as (1) converting the problem into a routine problem, (2) removing the
challenging aspect of the problem (3) not giving the student enough time to develop
cognitive demand (4) not focusing on the completeness or accuracy of the answer,
and (5) classroom management problems. High-level cognitive demand problems
can be perceived as risky and unclear by students, and the teacher reduces the
complexity of the task to decrease anxiety (Doyle, 1998). In the observed lesson, the
teachers did not give enough time for students to think or produce a solution method
for high-level cognitive demanding tasks. Also, the teachers reduce the cognitive

level by scaffolding. They gave hints and offered solution methods. In Ali’s
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classroom, the classroom management problems are also a reason for the decrease in

the cognitive level of the tasks.

CCASP

20
18 - —
16
14
12
10

8
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2

0

Students Provide SMQR Students Task Cognitive  Students Work with
Explanations Communicate about Demand Contextualized
the Mathematics of Problems.

the Segment

ENP Hlow HMid ®High

Figure 24.Distribution of CCASP scores in Efe’s instructions

During group discussion, Ali said he introduced the area of sectors by using the half
and quarter relation. In his instruction, he asked students to find the area of a half
circle and two-quarter circles and helped students to realize the direct proportion
between the sectors’ central angle and the area. He forced students to use a central
angle by working with sectors with unknown central angles. Students concluded that
they needed to use a central angle. Ali said his students had difficulty with making
connections between their previous knowledge and new learning. So, they could not

connect their knowledge about the arc’s length to the area of a sector.

During group discussion, Efe said using sectors with central angles 60, 90, 120, or
180 to introduce the area of sectors would cause overgeneralization. He claimed
students would try to find multiple relations between any central angle and 360
degrees. First, he worked with sectors with unknown central angles and the students
interfered they need the central angle of the sector. a student made the connection

between the length of an arc and the area of the sector. She said that they could use
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the same method to find the area of the sector. Efe said his students could refer to the
length of the arc and distinguish the direct proportion between the central angle and

the area of a sector.

In the group discussion, Efe said he used a real-life context when introducing a new
topic. He said using contextualized problems was important to make sense of the
mathematics. Both teachers started with a contextualized problem. However, they

solved routine questions in the following.

The teacher MKT was not affected by the school distinct but the MQI score of the
instruction was affected by the school distinct. The students in Ali’s school came
from low-socio economic level families. Many students did not attend the school
regularly. So, they missed many mathematical topics and faced a lack of knowledge.
In Ali’s classroom the students’ difficulties were related to lack of knowledge and
students’ explanations generally were not substantial. The students of Efe’s school
come from socioeconomic families but their parents are well-educated. Any
instances of students' lack of previous knowledge were observed. The students were
easily connected to the new topic and their previous learnings. Hill et al., (2015)
stated a similar result indicating that the school environment affects instructional

quality.

Ali’s MTK helped him to explain to students the operation 3r>=27 with a simple
contextualized problem since algebraic notation was new for him and he faced
difficulty in conducting operations with algebraic notations He asked a student “If
the cost of 3 apples is 27, what is the cost of one apple?”. The student correctly
answered the new contextualized question because he was familiar with simple
contextualized problems. The context may be helpful or unhelpful for students
depending on the context (Leinonen, 2021). In this case the context help student to
solve the question which was presented in algebraic notation. Ali new the content
and how to express it in a context. The study of Hill et al., (2008) showed that the
teachers with high MTK choose examples wisely to provide an equitable opportunity

to students.
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5.1. Implications

This study aims to investigate the quality of mathematics instructions. The findings
of this study have implications for researchers, teacher educators, and teacher
education programs. Findings showed that teachers had a rich content knowledge of
the content. Therefore, they did explanations and constructed tasks to make sense of
the content. However, they rarely used multiple representations and rarely made
generalizations. Also, the teachers were aware of student difficulties, but they did not
plan any pre-remediation. If the teachers were aware of how to plan pre-remediation
tasks, the students may face less difficulty in understanding the content. They also
face difficulty with CCASP dimensions. Improving teachers' ability to more
effectively apply CCASP dimensions may help students to participate more actively
during instruction and allow them to be more skillful in mathematical content. The
teacher educators should be aware of quality aspects of mathematics instruction and
help pre-service teachers to understand and use this aspect during instruction. also,
in-service teachers can inform about MQI dimensions with professional development

programs.

5.2. Limitation of the Study

This study has some limitations. I investigated the quality of mathematics instruction
using the MQI rubric and some may argue to assess instructional quality with some
other observation protocols. I also did not use classroom artifacts but for some
researchers, classroom artifacts can be important factors that affect instructional
quality. Another limitation is, I observed the lesson of two teachers in a public
school. Both of teachers were graduated from Elementary Mathematics Education
programs. I also select may participants with purposeful sampling and they might not
represent the MSMT family. Therefore, the findings of the study might be different

with different teachers.
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APPENDICES

A. MQI 4-POINT VERSION

Score here for whether the focus is on mathematical content during half or more of the
segment (3.75 minutes or more total for a 7.5-minute segment).

F

Focus for majority of the segment (at least Focus is on mathematical content for

3.75 minutes for a 7.5-minute segment) is majority of the segment (at least 3.75 minutes
on non-mathematical topics, or student for a 7.5-minute segment).

activities that have no clear connections to

developing mathematical content. Examples:

e Teacher reviewing content from a

Examples: prior lesson
e Gathering or distributing materials, e Teacher introducing content

other administrative issues o Students practicing content
e Disciplinary issues that o Students working on a warm-

§e\/terelt}f 1m;1) 1;1ge upon up problem while teacher takes
instructional time attendance

¢ Students doing an activity (cutting,
pasting, coloring) that is not clearly
connected to mathematics (“bad
reform”)
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This dimension attempts to capture the depth of the mathematics offered to students. The codes
within this dimension are grouped into two broad categories: codes that capture the extent to
which instruction focuses on the meaning of facts and procedures (Linking Between
Representations, Explanations, and Mathematical Sense-Making), and codes that capture the
degree to which instruction focuses on key mathematical practices (Multiple Procedures or
Solution Methods, Patterns and Generalizations, and Mathematical Language).

For all codes within this dimension, the aspect of instruction must be substantially correct to
count as Low, Mid or High. Richness elements that are not correct should be ignored (though
the segment can be still credited for other correct elements within the same code).
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This code refers to teachers’ and students’ explicit linking and connections between different

representations of a mathematical idea or procedure. To count, these links must occur across different
representational “families” e.g., a linear graph and a table both capturing a linear relationship. So, two
different representations that are both in the symbolic family (e.g., 1/4 and 0.25) are not candidates for

being linked.
For Linking Between Representations to be scored above a Not Present:
. At least one representation must be visually present
. The explicit linking between the two representations must be communicated out loud

For Linking Between Representations to be scored Mid or High, two conditions must be satisfied:
. Both representations must be visually present
. The correspondence between the representations must be explicitly pointed out in a way
that focuses on meaning (e.g., pointing to the numerator in 1/4, then commenting that you can
see that one in the figure, pointing to the four in the denominator, pointing to the four partitions
in the whole. “You can see the 1 in the 1/4 corresponds to the upper left-hand box, which is
shaded, showing one piece out of four total pieces...”)

Va

For geometry, we do not count shapes as a representation that can be linked—we consider those to be the
“thing itself.” However, links can be scored in geometry if the manipulation of geometric objects is linked
to a computation, e.g., showing that two 45-degree angles can be combined to get a 90 degree angle and
linking that to the symbolic representation 45 + 45 =90.

Note: If links are made but underlying representation/idea is incorrect, do NOT count as linking between
representations.

No linking Links are present | Links and Links and connections are present with
occurs. in a pro forma connections have extended, careful work characterized by one
Representations | way; For the features noted of the following features:

may be present,
but no
connections are
actively made.

example, the
teacher may
show the above
figure and state
that one quarter
is one part out of
four. These links
will not be very
explicit or
detailed; both
representations
need not be
present.

under High, but
they occur as an

isolated instance in

the segment.

e Explicitness about how two or more
representations are related (e.g., pointing
to specific areas of correspondence) OR
e Detail and elaboration about the
relationship between two mathematical
representations (e.g., noting meta-
features; providing information about
under what conditions the relationship
occurs; discussing implications of
relationship)

These links will be a characterizing feature

of the segment, in that they may in fact be

the focus of instruction. They need not take

up the majority or even a significant portion

of the segment; however,

they will offer significant insight into the

mathematical material.
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Mathematical explanations focus on why, e.g.:

. Why a procedure works (or doesn’t work)

. Why a solution method is appropriate (or inappropriate)

. Why an answer is true (or not true)

. In geometry: justification using a definition, why an object is symmetrical, why
a second figure is a transformation of the first

. In data analysis: why you would choose a specific graph to represent a set of

data, why median is different than mode or mean of a dataset, etc.

Do NOT count “how” e.g., simply providing descriptions of steps (first I did x, then I did y) or
definitions unless meaning is also attached.

Note: Do NOT count incorrect or incomplete explanations as explanations.

No A mathematical Two or more brief One or more
mathematical explanation mathematical mathematical
explanations are occurs as an explanations occur in explanation(s) is a
offered by the isolated instance the segment OR an focus of instruction in
teacher or in the segment. explanation is more the segment. The
students or the than briefly present explanation(s) need not
“explanations” but not the focus of be most or even a
provided are instruction. majority of the
simply segment; what
descriptions of distinguishes a High is
steps of a the fact that the
procedure. explanation(s) are a
major feature of the
teacher- student work
(e.g., working for 2-3
minutes to elucidate the
simplifying
exampleabove).
Scoring Help - Explanations
Examples of explanations:
. Explaining the reason for steps in simplifying fractions (dividing by 2/2 is same
as dividing by 1; anything divided by 1 is still itself)
. Explaining why particular steps in a complex problem are justified or work to
achieve the solution
3 Classifying triangles as polygons because they are closed and made up of line
segments that do not cross
. Explaining why a formula can be used to find an outcome (why £ x w works to
find area)

Note that when scoring, you can count the build-up to an explanation as part of the explanation.
Ask yourself: Was the point of the instruction to provide the explanation, even if it only emerged
at the end? If so, you may score that clip as a High.

To help understand the difference between the Explanations code and the Mathematical Sense-
Making code, see the Scoring Help for Sense Making.
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following:
. The meaning of numbers

. Understanding relationships between numbers

Giving meaning to mathematical ideas
Whether the modeling of and answers to problems make sense

Examples include:
. Focusing on value of quantities (e.g., "7/8 is close to 1")

[ ]
[ ]
o Using estimation or number sense

whole”)
o Giving meaning to expressions or equations

reasonableness of solution method, etc.

instead, count cases where the definition or formula has meaning made around it.

Teacher and/or
students focus on
meaning more than
briefly (e.g., several
instances within the
segment or one
somewhat long
instance), but this
work is not
sustained or
substantial.

Teacher and/or students
focus briefly on
meaning. For instance, a
student may remark that
7/8 is "almost 1" or
attends to
reasonableness of the
solution method.

Not present or
incorrect.

This code captures the extent to which the teacher or students attend to one or more of the

The relationships between contexts and the numbers or operations that represent

Connections between mathematical ideas or between ideas and representations

The meaning of quantities (e.g., "the six represents the number of groups")
Discussing reasonableness of an expression, solution method, or answer

Giving meaning to procedures (e.g., “1/4 x 2/3 means taking 1/4 of 2/3 of a

For word problems, score for activities like explaining why an operation is called for by a
problem, why certain numbers are used in the operation, reasonableness of answer,

In geometry, include making sense of definitions (what counts as a polygon, what does not
count as a polygon), formulas, by elaborating them, applying them, finding counter-examples,
etc. rather than just stating/executing them. Do not count “Give me examples of a circle” —

If sense-making is partially correct and partially incorrect, only score the portion that is correct
., would be a High, but vague for parts, thus receives a Mid).

Teacher and/or
students focus
on meaning in
sustained way
during
segment.
Need not be
the entire
segment, but
must be
substantial.
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Scoring Help - Mathematical Sense-Making

In many cases, Sense-Making overlaps with events already scored in Explanations.

For example, a teacher may provide the explanation that dividing both the numerator and
denominator by 4 is in essence dividing by 4/4. And because dividing by 4/4 is the same as
dividing by 1, dividing by 4/4 actually does not change the value of the original fraction. This
explanation would also count as sense-making, as the teacher is giving meaning to the fraction
4/4 and the procedure of making equivalent fractions.

While many explanations will also qualify as Sense-Making, some will not. For example, a teacher
who walks through an algebraic/geometric proof may get credit for explanations for explaining
why a solution is true without meaning to the mathematical ideas.

There also are instances of Sense-Making that do not count under Explanations. For example,
attention to any of the following may be scored as Sense-Making without meeting the criteria for
Explanations:

. The value or meaning of quantities

. The reasonableness of an expression or answer
. Using estimation or number sense

. Making sense of word problems

Finally, it is important to note that instances that count under both Sense-Making and
Explanations won’t necessarily earn the same score point. For both codes, we ask raters to assess
the quantity of the code, i.e., whether it occurs at all, is brief, or is more extended. However, a
High for Explanations means that the instance is the main feature of the segment, whereas under
Sense-Making it just needs to be sustained. Additionally, when scoring Explanations, you can
count the build-up as a part of the explanation, even if that build-up is procedural. When scoring
Sense-Making, only count time in which sense is actually being made; we do not count related
procedural work or build-up as sense-making.
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Multiple procedures or solution methods occur or are discussed in the segment:
e Multiple solution methods for a single problem (including shortcuts)
e Multiple procedures for a given problem type

Defined as, e.g.:
e Taking different mathematical approaches to solving a problem (e.g., comparing
fractions by finding a common denominator AND comparing fractions by finding a
common numerator)
¢ Solving or discussing how to solve a word problem using two different strategies.

If the initial strategy or strategies occurred in a prior segment, score Multiple Procedures in the
subsequent segment (i.e., no need to go back and adjust your score in the initial segment).
Note: Do NOT count incorrect procedures or solution methods.

No evidence of Teacher or Multiple procedures Multiple procedures or
multiple student briefly or solution methods solution methods occur or
procedures or mentions a occur or are are discussed in the
solution methods second procedure discussed in the segment, and include
for single or method, but segment (e.g., special features:
problem or a the method is not solving division e Explicit
given problem discussed at problems in two comparison of
type. length or enacted ways), but does not multiple procedures
(“we also showed include the special or solution methods
yesterday that features listed in for efficiency,
you can do it High, or feature appropriateness,
XYZ”). these only ease of use, or other
momentarily (e.g., advantages and
“this method is disadvantages
easier than the e Explicit discussion
other” without of features of a
explicit discussion problem that cues the
of why). selection of a
particular procedure
e Explicit
connections between
multiple procedures
or solution methods
(e.g., how
one is like or unlike
the other)

Scoring Help - Multiple Procedures and Solution Methods

You will need to use some judgment when deciding whether to count two methods as distinct
from one another. We consider methods distinct when they feature two different mathematical
paths to the solution. For instance, in the case of comparing fractions, we would NOT consider
it distinct if student A compares 3/5 and 7/10 by finding a common denominator of 10, and
student B finds a common denominator of 50. However, we would consider finding common
numerators and finding common denominators to be distinct methods.
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This code is meant to capture instruction during which the class first examines instances or
examples, then uses this information to develop or work on a mathematical generalization; to
notice, extend or generalize a mathematical pattern; to derive a mathematical property; or to
build and test definitions.

Examples of this activity include:
. Examining particular cases and then noticing and extending a pattern (e.g.,
looking at the sum of the angles in 3, 4, 5, and 6-sided regular polygons and
extending the pattern or generalizing to an n-sided regular polygon)
. Saying whether mathematical procedures work in all cases
. “Building up” a mathematical definition or deriving a mathematical
property (e.g., defining “polygons” after considering different examples and
non-examples of polygons)

Notes:

. Patterns, generalizations and definitions must be based on at least two
examples (either explicitly worked on or referred to)

. Do NOT count incorrect generalizations, incorrect pattern noticing, or incorrect
definition building

. Do NOT count when teachers and/or students state generalizations,

atterns, or definitions without first developing them from examples

are noticed or
extended; no

undeveloped and/or
is not the primary

pattern-noticing
and/or extending.
This is done in a
pro forma way (e.g.
red, blue, blue, red,
blue, blue, ??, blue
blue)

No There is brief work There is work on The pattern or
generalizatio on developing a developing a generalization is
ns are generalization or generalization, extending a codified, AND the
developed or building a pattern or building a work is complete,
worked on; definition, but this definition, but the work is clear and detailed.
no patterns work is not finalized.

For instance, a pattern

definitions focus of the may be noticed, extended, students may
are built or segment. or reasoned about but not carefully develop a
tested. codified (“it looks like generalization from
OR when we increase the examples in detail;
coefficient, the line might or summarize and
Teachers and/or get steeper”). codify a pattern by
students engage in describing how the

OR

Teachers and/or students
develop a generalization,
extend a pattern, or build
a definition, but the work
is not

complete, clear or detailed.

For instance, the
teacher and/or

pattern is generated.
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This code captures how fluently the teacher (and students) use mathematical language and
whether the teacher supports students’ use of mathematical language.

Examples:

¢ Fluent use of technical language
¢ Explicitness about mathematical terminology
¢ Encouraging students to use mathematical terms

Score here when
NO mathematical
terms are used.
Teacher uses non-
mathematical
terms to describe
mathematical
ideas and
procedures
AND/OR teacher
talk is
characterized by
sloppy/incorrect
use of
mathematical
terms.

Low density of
mathematical
language. Not
necessarily an
indication that
teacher is not
“fluent” in
mathematics, but
simply a segment
where few
mathematical terms
are used, or the same
term is used over and
over without features
of High.

Also score as Low
when segment has
middling density, but
sloppy use.

Teacher uses
mathematical language
as a vehicle for
conveying content,
with middling density.
However, the segment
has few or none of the
special features listed
under High.

Also score as Mid
when segment has both
features of High but
includes some
linguistic sloppiness or
low density.

Teacher uses
mathematical
language
correctly and
fluently. Can be
achieved in two
ways:

1. Density of
mathematical
language is
high during
periods of
teacher talk.

2. Moderate
density, but also
explicitness
about
terminology,
reminding
students of
meaning,
pressing students
for accurate use
of terms,
encouraging
student use of
mathematical
language.

Instances of
students using
sophisticated
mathematical
vocabulary
can also count
toward a
High.
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Elements of
richness are
present but are
all incorrect

OR
Elements of rich
mathematics are
not present.

Elements
of rich
mathemati
cs are
minimally
present.

Note that there may
be isolated Mid
scores in the codes
of this dimension.

This code captures the depth of the mathematics offered to students.

Elements of rich
mathematics are more
than minimally present
but the overall richness of
the segment does not rise
to the level of a High.

For example, a segment
may be characterized by
some Mid scores in the
codes of this dimension
or by an isolated High
along with substantial
procedural focus, etc.

Note: This is an overall code for each segment. It is not an average of the codes in this dimension,
but an overall estimate of richness.

Elements of rich
mathematics are
present, and either:

a) There is a
combination of
elements that
together saturate
the segment with
rich mathematics
either through
meaning or
mathematical
practices.

OR
b) There is truly
outstanding
performance in one
or more of the
elements.

Scoring Help - Overall Richness of the Mathematics

In scoring Overall Richness, we assign a score of Not Present when there are no elements of

richness present in the segment, or the components of richness that are present are all incorrect.
For this code, we do not consider middling density of Mathematical Language to be an element
of richness. That is, a segment could get a score of Low or Mid for
Mathematical Language and still get a score of Not Present for Overall Richness.
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This dimension captures whether teachers can understand and respond to students’
mathematical contributions (utterances or written work) or mathematical errors. Student
contributions include, but are not limited to, questions, claims, explanations, solution methods,
ideas, etc. By students’ mathematical errors, we mean those incorrect student contributions that
offer opportunities for addressing student difficulty.
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With this code, we mean to record instances of remediation in which student misconceptions and
difficulties with the content are addressed.
Conceptual remediation gets at the root of student misunderstandings, rather than repairing just the
procedure or fact. Conceptual remediation includes:
eldentifying/addressing the source of student errors or misconceptions: “I noticed that some of you
seem to think that
1.024 is a larger number than 1.1. I think you were noticing the number of digits to the right of the
decimal point rather than thinking about the place value.”
ePointing to underlying meaning when responding to errors: “I noticed that some of you seem to
think that 1.024 is a larger number than 1.1. Both numbers start with 1. But what value do they
have in the tenths place? Zero tenths, one tenth.”
Procedural remediation corrects student problems with procedures (e.g., re-demonstrating the procedure
for addition of fractions with unlike denominators without reference to why the procedure works or sense-
making around the quantities). To score an instance of procedural remediation, there must be more than a
simple correction of a student mistake.
Examples such as “no, that is not correct” or “you should have gotten 9” should be considered simple
corrections rather than remediation because they do not address student difficulty. Examples of
corrections could include correcting a misunderstanding about a definition (“This is an expression.” “No,
it’s an equation.”) or correcting the result of the calculation without talking about the calculation.

If some portion of the remediation muddles the mathematics, the score may be adjusted

downward. Notes:

. Remediation can occur during active instruction or small group/partner/individual work
time.
U Remediation must have mathematical content.
. If teacher prompts a student to remediate another student, it can be scored as present as
long as the remediation is correct.
. Pre-remediation (calling students’ attention to a common error) counts as a Mid or
High, depending upon the amount of detail and clarity. It demonstrates teacher familiarity
with student thinking.
No remediation occurs for any Brief conceptual Moderate Teacher engages in
(neither brief conceptu_al remediation
of the following reasons: remediation nor at length) syStema“c‘f’l"y and at length.
e There are no student oceurs. conceptual Examples include:
misunderstandings or remediation ;fi‘:ﬁg;ﬁ:fgiesfurce
S::iecﬁtltles with the or extensive misconceptions
eRemediation does not go OR procedural ® Discussing hOW
beyond correcting students’ remediation student errors illustrate
answers occurs. broader

misunderstanding and

oThe teacher chooses not to then addressing those

remediate Brief or OR errors
moderate Brief pre- e Extended pre-remediation
procedural remediation
remediation occurs.
o The teacher remediation is occurs.
confusing or off-track

240



Scoring Help - Remediation of Student Errors and Difficulties

In scoring this code, it is helpful to first identify whether any student difficulty exists in the
segment. If there is any student difficulty, then the teacher’s response can be categorized
according to whether or not it was remediation and if so, what

type.
Examples - Remediation of Student Errors and Difficulties

Not Low Mid High

Present
[correction, [brief [moderate conceptual [systematic
not conceptual remediation] “I conceptual
remediation] remediation] noticed that some of remediation]
Teacher “Remember, you forgot to “I noticed that some of
notices you need to multiply both sides of the | you forgot to multiply
student has keep both sides equation by both sides of the equation
gotten the of your X. What happens if by x. What happens if you
wrong equation you multiply one side multiply one side by X and
answer and equivalent to by X and not the not the other?” The class
says, “No, each other, so other?” continues to discuss at
that is not you can’t A few students offer length why you need to
correct. You perform an reasons, and the teacher multiply
should have operation on summarizes their ideas on both sides.
gotten 9.” only one side.” by saying, “The sides

wouldn’t be equivalent
anymore.”
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This item captures the extent to which teacher uses student mathematical contributions to move
instruction forward. Contributions can include, but are not limited to, student answers to questions
(including one-word answers), comments, mathematical ideas, explanations, representations,

generalizations, questions to the teacher, and student work. If some portion of the response to
students muddles the mathematics, the score may be adjusted downward. This code can be

used in whole-

No or very few
student
responses and
only pro forma
use of student
ideas to develop
the
mathematics.
For example,
class may be
dominated by
teacher talk with
very few student
comments.

OR

Teacher uses
student
contributions but
in a way that
muddles or
confuses the
mathematics of
the lesson.

OR

Student
contributions
occur but the
teacher ignores
them

group/individual time segments.

Students
contribute and
the teacher
responds in a pro
forma way.

The teacher uses student
contributions to some
degree in the
development of the
mathematics.

Teacher may engage
in features listed under
High briefly, but
instruction generally
proceeds without
strong use of student
mathematical ideas.

Students’ mathematical
ideas are woven at
length into the
development of
mathematical ideas
during the segment.
Teacher “hears” what
students are saying,
mathematically, and
responds appropriately
during instruction.

In particular, teacher
may comment on
students’ mathematical
ideas, elicit further
student clarification of
ideas, ask other students
to comment on ideas,
expand on and reinforce
student utterances, etc.

Other markers include:
. Identifying
key ideas in
student statement
(“Mark had an
interesting
idea...”)

. Highlighting

key features of

student questions
(“Mark was asking
about whether this
would work in all
cases...”)

o Identifying a
student with an

idea (“Mark’s method”)
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Scoring Help - Teacher uses Student Mathematical Contributions

This code is intended to measure how the teacher responds to and uses the mathematics that
students contribute, regardless of the quality of the student contribution. That is, student
contributions can be brief and procedural in nature; what we are looking for in this code is the
length and quality of teacher uptake and use.

Note that this is not a quantity code. If a teacher responds to multiple student contributions
throughout the segment, but always does so in a pro forma way, score as a Low.

Several types of teacher responses may qualify as pro forma:
. The students regularly contribute basic calculations or answer-bounded
questions during instruction, and the teacher acknowledges correct responses and
uses them in the course of instruction, perhaps to move a calculation forward on
the board.
o Different students contribute many solutions or explanations, but the teacher
doesn’t make use of them beyond acknowledging students who are correct.
o A student provides a contribution, and the teacher recognizes that it is
interesting but decides not to take it up at that moment.

Do not count use of “student” ideas that are not truly coming from the students as a feature of
High (e.g., calling Claire’s repeating of the addition procedure “Claire’s idea” when the teacher
just really wants to talk about the addition

algorithm.)

Back to Table of Contents

243



file:///C:/Users/mutlu/Downloads/MQI%204-Point.docx%23_bookmark0

This code provides an overall evaluation of the teacher-student interactions around the content.

Note: This is an overall code for each segment. It is not an average of the codes in this dimension,
but an overall estimate of the teachers’ interactions with the students around the content.

If some portion of the response to students or remediation muddles the mathematics, the score
may be adjusted downward.

No or few
interactions
between teacher
and students. There
is no remediation
and little use of
student ideas

OR
Student
mathematical
contributions or
difficulties occur, but
teacher does not
respond to or use
those contributions.

OR
Teacher responses
to student
contributions are
unclear or lead the
segment off-track.

Teacher and students
interact over content,
but teacher responses
are pro forma—
moving instruction
along with limited
input from students.

AND/OR

There may be brief
remediation.

Teacher and student
interaction goes
beyond pro forma
exchanges to feature
some use of student
ideas, moderate
conceptual
remediation or
extended procedural
remediation.

Portions of the clip
may also feature a mix
of strong and weak
elements, or less-than-
skillful use of student
ideas.

Teacher weaves
student ideas into
the development
of the
mathematics
and/or
conceptually
addresses
misconceptions
for clip.

This must be
done with some
level of teacher
skill at
“hearing,”
understanding,
and
appropriately
responding to
student
contributions or
difficulties.
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This dimension is intended to capture teacher errors or imprecision in language
and notation, or the lack of clarity/precision in the teacher’s presentation of the
content.

Do NOT count errors that are noticed and corrected within the segment.
Back to Table of Contents
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The code is intended to capture events in the segment that are mathematically incorrect. For

example:

¢ Solving problems incorrectly
e Defining terms incorrectly

e Forgetting a key condition in a definition

e Equating two non-identical mathematical terms

Mathematical errors that are made by students and endorsed by the teacher (e.g., leaving it on
the board, saying it is correct, adopting an incorrect definition of fractions) should be counted
here. Also score here if the teacher evaluates a correct solution method as incorrect.

Do not count

¢ Intentional errors (teacher following a wrong student idea or doing a procedure
incorrectly to make a point)
o FErrors that are corrected within the segment

None.

A brief content
error. Does not
obscure the
mathematics of the
segment.

OR

Error(s) obscure the
mathematics, but for
only part of the
segment.

Content errors occur in
part(s) of the segment.

Content errors occur
in most or all of the
segment.

OR
The errors obscure

the mathematics of
the segment.

Examples - Mathematical Content Errors

Not
Presen
t

Low

Mid

High

When solving a
multi-step
problem, the
teacher makes a
calculation error
in the last step,
which results in an
incorrect answer.

The teacher’s
discussion of the
solution to a problem
is incorrect. This
discussion is more than
brief, but correct
mathematics also
occurs more than

The teacher uses an
inappropriate metaphor
for most of the segment
(e.g., in a graph
comparing distance
and time, the teacher
refers to the upward
slope as runner going

Other similar briefly during the up the hill, flat slope as
problems are segment. runner running

solved straight).

correctly.
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This code is intended to capture problematic uses of mathematical language or notation. For
example:

o Errors in notation (mathematical symbols)

o Errors in mathematical language

o Errors in general language

Definitions
¢ Notation includes conventional mathematical symbols (such as +, -, =) or symbols for
fractions and decimals, square roots, angle notation, functions, probabilities, exponents,
etc. Errors in notation might include inaccurate use of the equals sign, parentheses, or
division symbol. By “conventional notation,” we do not mean use of numerals or
mathematical terms.
e Mathematical language includes technical mathematical terms, such as “angle,”
“equation,” “perimeter,” and “capacity.” If the teacher uses these terms incorrectly,
record as an error. When the focus is on a particular term or definition, also score errors
in spelling or grammar.
e Teachers often use “general language” to convey mathematical concepts (i.e.,
explaining mathematical ideas or procedures in non-technical terms). General language also
includes analogies, metaphors, and stories. Appropriate use of terms includes care in
distinguishing everyday meanings different from their mathematical meanings. If the
teacher is unclear in his/her general talk about mathematical ideas, terms, concepts, or
procedures, record as an error.

None. Brief instance of Imprecision occurs in Imprecision
imprecision. Does not part(s) of the segment. occurs in most
obscure the mathematics of or all of the
the segment. OR segment.

Imprecision obscures the OR

mathematics, but for only

part of the segment. Imprecision
obscures the
mathematics of
the segment.
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Scoring Help - Imprecision in Language or Notation

We have specifically identified some commonly used imprecise terms and phrases that raters
should be on the lookout for. These fall into two categories: phrases whose usage automatically
results in a score of (at least) a Low, and “gray area” phrases whose isolated usage should not
necessarily result in a score above Not Present, but can be considered in conjunction with other
language use. If gray area phrases occur once or twice, we typically ignore them. However, if
they occur repeatedly, or if they occur in combination with other linguistic or notational
imprecision, we do consider them when scoring Imprecision.

Note that these are not exhaustive lists of all phrases that might count towards score above Not
Present.
Automatically score as an imprecision:

. referring to “bigger” or “smaller” equivalent fractions
. different variations on “you can’t subtract a bigger number from a smaller”
. different variations on “multiplication makes a number bigger”
o misuse of “expression” and “equation”
o misuse of equals sign
o “reducing” fractions (instead of simplifying)
“Gray area” phrases:
o “timesing”, “minusing”
o “top” and “bottom” for numerator and denominator
o “alligator mouth” for greater-than and less-than symbols
o “carrying”
o “canceling”
o “borrowing” (instead of regrouping)
o “line” instead of line segment
o brief reference that pi is 3.14 without mentioning this is an approximation.

Examples - Imprecision in Language or Notation

Not Present Low | Mid | High
1) The teacher 1) The teacher uses The teacher’s
misuses the word language and
“expression” or “expression” instead notation is
“equation” once of “equation” one or sloppy
or twice in a two times during a throughout the
lesson on segment specifically segment.
representing about equations or the
patterns. nature of equality.

2) Teacher uses 2) The teacher uses
term like terms like “reduce”
“reduce” instead and tells students

of “simplify”, that reducing

and this does not makes fractions smaller.
obscure the

mathematics

being taught.
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This code is intended to capture when a teacher’s utterances cannot be understood. For example:
e Mathematical point is muddled, confusing, or distorted
e Language or major errors make it difficult to discern the point

e Teacher neglects to clearly solve the problem or explain content
Teacher’s launch of a task/activity lacks clarity (the “launch” is the teacher’s effort to get the mathematical
tasks/activities into play). If the launch is problematic, score for the launch plus amount of time students are
confused/off-task/engaging in non-productive explorations

the mathematics, but for
only

None. Brief lack of clarity. Lack of clarity occurs in Lack of clarity occurs in
Does not obscure the part(s) of the segment. most or all of the
mathematics of the segment.
segment. OR

Lack of clarity obscures OR

Lack of clarity obscures
the mathematics of the

part of the segment. segment.

Scoring Help - Lack of Clarity
Definition: You have to ask: “What, mathematically, was the teacher trying to say?”
Examples:
e Discussion of why 7 + -3 = 4 heads toward “-4 is too small to be the answer”
o  This is not wrong, but the mathematical point is not clear.

e Teacher endorses conflicting definitions for same concept
o “The area is a number of square units needed to cover the figure, and we've talked before
about the box like a gift that somebody gives you. The box itself and everything inside the
box is the area, but the wrapping paper around it would be like surface area and we talked
about that and we talked about the perimeter is walking around the fence around an area.”

e Talking through a division problem and alternating back and forth between “making 3 groups”

and “making groups of 3.”

e Garbling a task launch, e.g., by asking initially “How much TV is watched in the US?” when

students really must draw a graph to show “How many TVs in US vs. Europe vs. rest of the world?”

Examples -
Not Present Low Mid High
The launch of To introduce inverse Teacher states that the lesson is
task is unclear, operations, teacher going to be on surface area and
but the teacher explains that volume. When students are asked
clarifies quickly. multiplication and to describe a cardboard box using

math terms, the teacher endorses
correct and incorrect student
suggestions. The teacher then tries

division are “best
friends” and “if you
know something

A sentence or
phrase is unclear,
but the main

mathematical about one, you to define volume by asking
point is not know something whether a twelve foot TV would
affected. about the other.” fit into the box. Surface area is

mentioned numerous times but
never defined. It is unclear if the
teacher is using surface area as a

synonym for volume or whether
the term is simply never defined.

Examples later in
the segment make
the point clearer.
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This code intends to capture the overall presence of teacher errors in doing and talking about

mathematics.

Note: This is an overall code for each segment. It is not an average of the codes in this

dimension, but an overall estimate of the errors and imprecision in instruction.

No errors occur.
Do not score as
Not present if
Low, Mid or
High is marked in
any category
above.

Small, momentary
error(s) occur. For
example, small slips in
language, a brief lack of
clarity, or a minor error
in solving an exercise.
These typically do not
obscure the mathematics
of the segment.

One or more
errors, for
example, persistent
misuse of
language, a lack of
clarity in a portion
of the segment
and/or
mathematical
errors, but these
typically obscure
the math for part of
the segment.

Either there are
many small
errors, a
consistent lack
of clarity, or
one large error
that obscures
the
mathematics of
the segment.
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This dimension attempts to capture evidence of students’ involvement in tasks that ask them to
“do” mathematics and the extent to which students participate in and contribute to meaning-
making and reasoning. During active instructional segments, this mainly occurs through student
mathematical statements, including reasoning, explanations, and asking questions. During small
group/partner/individual work times, this mainly occurs through work on a non-routine task.

The CCASP dimension captures the same kind of student meaningful engagement with
mathematics envisioned in the eight Standards of Mathematical Practices listed in the Common
Core State Standards for Mathematics!, which say that students should:

1. Make sense of problems and persevere in solving problems
Reason abstractly and quantitatively
Construct viable arguments and critique the reasoning of others
Model with mathematics
Use appropriate tools strategically
Attend to precision
Look for and make use of structure
Look for and express regularity in repeated reasoning

®NO U A WN

Although there is not a one-to-one correspondence between the CCASP codes and the 8§ Common
Core Standards, the CCASP dimension includes many of the observable student behaviors
contained in the Common Core. For instance, the Common Core practice “Model with
mathematics” is addressed in the MQI code Students Work with Contextualized Problems.

1 National Governors Association Center for Best Practices, Council of Chief State School Officers (2010). Common Core State Standards

Mathematics. Washington, DC: National Governors Association Center for Best Practices, Council of Chief State School Officers
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Students provide a mathematical explanation for an idea, procedure, or solution.

Examples:
¢ Students explain why a procedure works
¢ Students explain the procedure they used to solve a particular problem by
attending to the meaning of the steps involved in this procedure rather than simply
listing those steps
¢ Students explain what an answer means
o Students explain why a solution method is suitable or better than another method
¢ Students explain an answer based on an estimate or other number-sense reasoning

Notes:
e Explanations can be initiated by the teacher or self-initiated
¢ Explanations can be co-constructed with the teacher or constructed individually
e Explanations do not have to be complete or correct
e [fastudent’s explanation meets the criteria for the Explanations code in Richness, it
should be counted in both places

e Only give credit for things you actually hear students say

No instances of One or two brief Student Student explanations
student explanation student explanations are characterize much of the
are present. explanations are more sustained or segment.
present. more frequent,
but they are not
characteristic of
the segment.

Scoring Help — Students Provide Explanations

When students are working independently or in groups and you cannot hear anything they say,
assign the segment a score

of Not Present. If you can hear student explanations or reasoning during these times, score them
as usual.

Back to Table of Contents
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Students engage in mathematical thinking that has features of important mathematical practices.
There must be clear evidence of students engaging in such practices. Examples include but are
not limited to:

o Students provide counter-claims in response to a proposed mathematical statement or
idea (whether from another student, the teacher, or a text)

o Students ask mathematically motivated questions requesting explanations (e.g., “Why
does this rule work?” “What happens if all the numbers are negative?”)

¢ Students make conjectures about the mathematics discussed in the lesson (e.g., “I’ve
been trying to make a triangle with two obtuse angles, and I don’t think you can.”)

o Students form conclusions based on patterns they identify or on other forms of
evidence (e.g., “It looks like, for polygons, every time we add a side we add another

180 degrees.”)

¢ Students engage in reasoning about a hypothetical or general case (e.g., “Because

the sum of the angles of any triangle is 180 degrees, a triangle should have at least

two acute angles.”)

o Students use ideas from a different mathematical topic to reason about the content of
the lesson (e.g., student uses ideas from symmetry to reason about equivalent fractions in
a pie chart)

¢ Students make a connection between the topic of the lesson and another mathematical
area (e.g., a student notes the connection between area models for multiplication and area in
measurement)

¢ Students comment on the mathematics of one another’s contributions (this must go
beyond stating “I did it another way” or simply agreeing or disagreeing)

An explanation captured under the Student Explanations code should also be coded as SMQR
only if the statement includes an additional SMQR element. For example, a conjecture and an
explanation of the conjecture should be counted under both codes. (e.g., “I don’t think that the
output in that table will ever be 0 because all of the other outputs are odd numbers.”)
Notes:

o Students’ contributions do not have to be complete or correct
o Only give credit for things you actually hear students say

No instances One or two instances of Student mathematical Student

of student brief student questioning or reasoning is mathematical

mathematica mathematical more sustained or more questioning or

1 questioning questioning or frequent, but it is not reasoning

or reasoning reasoning are present. characteristic of the characterizes

are present. segment. much of the
segment.

Scoring Help - SMQR
When students are working independently or in groups and you cannot hear anything they say,
assign the segment a score
of Not Present. If you can hear student explanations or reasoning during these times, score them as
usual.
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This item captures the extent to which students communicate their mathematical ideas during
the course of the segment, either in whole-group or small group settings. Examples of
substantive student contributions include, but are not limited to, students presenting solution
methods publicly (with or without words), asking mathematical questions, describing the
meaning of a term, offering an explanation, discussing solution methods, commenting on the
reasoning of others, etc.

In cases in which students are working in pairs or small groups, code substantive student
contributions when you can a) hear them (e.g., a student and teacher are talking as teacher
circulates, or you can overhear pairs of students) or b) the teacher’s directions are very clear,
and we can reasonably expect students to be having a substantive exchange for the duration of
the small group work (e.g., a turn and talk). However, if it is not clear what students are talking
about in small

roups/pair work, score as Not Present.

Not present or minimally Student There are some Substant
present. Students may contributions are substantive student ive
contribute a word or very brief. For contributions, but these student
phrase infrequently example, students do not characterize the contribu
during whole- group offer one- or two- segment. tions
instruction, but the word answers to characte
segment primarily questions or a rize the
features teacher talk. partial description segment

of steps, and they

occur regularly

during the

segment.

Scoring Help - Students Communicate About The Mathematics Of The Segment
Note that the difference between Not Present and Low is the prevalence of brief, one- or two-
word answers, and the difference between Mid and High is the prevalence of substantive
student contributions. The difference between Not Present/Low and Mid/High is whether there
exist any substantive student contributions (i.e. a segment with a single substantive student
contribution must be scored at least a Mid, and a segment with no substantive student
contributions may not score above a Low). For instance, a student may provide one step of a
procedure, followed by the teacher giving the next step. This would count as a Low. If the
student narrates a complete set of steps for a problem, it would be counted as a Mid.

Student explanations and SMQR-type responses count here. In addition, this code encompasses

additional types of substantive student contributions under Mid and High, including

descriptions of choices students made while solving word problems, definitions, and so forth.
Back to Table of Contents
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This code captures student engagement in tasks in which they think deeply and reason about
mathematics. This code refers to the enactment of the task, regardless of the initial demand of the
curriculum/textbook task or how the teacher sets up the task for students.
Notes:

e Student confusion does not necessarily suggest that students are engaging with the content at a high

cognitive level.

e Working on review tasks or on ideas discussed in previous lessons does not necessarily mean

that students use lower order thinking skills.

e This code should not be confounded with the difficulty of the task or whether it is

appropriate for a certain grade- level.

e Code a student presentation of a solution method at the same level of cognitive demand as the task

itself was coded.
Students are There is a brief Segment Students engage
engaged in example of a features mix of with content at a
cognitively cognitively demanding and high level of
undemanding demanding activity, undemanding cognitive demand.
activities. c.g. tasks and Examples of Cognitively
Examples  of A activities, e.g. demanding activities
cognitively momentary e Tasks with include when students:
undemanding think- pair- variable e Determine the
E.J.CtIVItleS share where enactment meaning of
include: students (e.g., mathematical

e Recalling define a term demanding concepts,

and applynlg e Direct tasks followed processes, or

well- instruction with by a transition relationships

established one or two to e Draw

procedures examples of undemanding connections

e Recalling or student tasks; or, among

reproducing explanations or when working differont

known facts, SMQR in small representati

rules, or . Tasks groups, some ons or

formulas with a groups. work Concepts

e Listening moment on a high- e Ma

ary high demand task

to ateacher cognitiv hil ke and

presentation e while somek test

with hrn_lted demand %11:10:11‘135 wor Conject

studen.t oput element undemanding ures

e Going over e Tasks that task) e Look for

hqmework are not e Direct patterns

with little completely ) . .

additional routine, but are 1n§tmct10n e Examine

student work heavily with smqent constraints

(e.g., reporting scaffolded for Zzg}irrlatlons e Explain and

numerical students with . justi

answers) hints or SMQR .1np ut Justify

e Unsystematic directions at certain

exploration (i.e., points

students do not ® Tasks

make systematic with

and sustained middling

progress in cognitive

developing demand

mathematical

strategies or

understanding)
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Students work with contextualized problems (e.g., story problems, real-world applications,
experiments that generate data). This includes solving such problems; discussing solutions to
such problems; writing expressions or equations to represent contextualized situations;
making sense of contextualized relationships through tables, graphs or other representations;
or creating contextualized problems/situations to match expressions/equations.

Note: Do not count when the teacher or student mentions a contextualized example for
illustrative purposes (e.g., “you can think of 1/4 as a quarter and 1 whole as a dollar when you
are converting fractions to decimals* or “remember yesterday when we solved the hat

problem?”), but the students do not work on it.

Note: This is not a duration code; the difference between a Low, Mid, and High is amount of
teacher scaffolding, not length. In the case of two or more different tasks with different levels,
score to the highest level.

Students do not
work

with
contextualized
problems or a

contextualized
problem

is mentioned but
not

worked on.

The contextualized
problems
are executed as mostly

rote/routine exercises.
Teacher
heavily scaffolds the

presentation, for
example, by
telling students which

procedure is to be
applied,

helping them write out
the

expression or equation,
and so

forth.

Also include here times
where

there is data collection
without

reference to the
underlying
relationships or shape
of the

data. For instance,
students

may be collecting and
marking

down ice cream
preferences in
preparation for later
plotting

the graph and
discussing.

Some student
reasoning about
contextualized
problems is required
for at least a portion
of the problem
execution; however,
solution paths may be
co-constructed or
scaffolded by teacher
to some extent. For
instance:

o Students play

some role in
deciding how to
solve the
problem

e The problem
starts off as non-
routine but
teacher hints at a
solution method

Students are
allowed
significant
opportunities to
think and reason

mathematically
about
contextualized
problems.
Students might
need to

choose which
operation to
apply, decide
which kind of
graph is
appropriate for
their

data, or figure out
how to

write an
expression that
represents a
pattern. The
characterizing
feature of this
segment is that the
teacher

will not be doing
much of the
cognitive work of
solving the
problem.
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Scoring Help - Students Work with Contextualized Problems

When scoring, first determine if a contextualized problem is present during the segment. When
determining whether or not a problem is contextualized, it may be necessary to refer to
previous segments to determine what problem or task was assigned.

Special cases:
. Probability experiments (such as rolling dice, spinning a spinner, or
pulling colored chips out of a bag) are NOT contextualized problems, unless there
is an additional context (such as pulling colored chips out of a bag that represent
socks in a drawer).
. Working with data is generally contextualized. If the data are completely void
of context (for example, if students are asked to find the median of a set of numbers),
it is not contextualized; but, if there is any meaning to the data involved (for
example, students take a list of names, count the letters in each name, and then find
the median), then it should be counted as contextualized.

If there is a contextualized problem, determine whether students are working on it (they do not
have to finish or ‘solve’ the problem, just work on it in some way).

If students are working on a contextualized problem, determine how much scaffolding or support
the students are given. It may be necessary to refer to previous tasks and segments in order to
infer whether the task is routine or not. Use your best

judgment.

Back to Table of Contents
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This code attempts to capture evidence of students’ involvement in “doing” mathematics and the
extent to which students participate in and contribute to meaning-making and reasoning.
o During active instruction segments, this mainly occurs through
student mathematical statements: reasoning, explanations, question-
asking.
. During small group/partner/individual work time, this mainly occurs
through work on a non-routine task.

Note: This is an overall code for each segment. It is not an average of the codes in this dimension,
but an overall estimate of the student participation in meaning-making and reasoning.

There are no There are few Students engage with Students contribute

examples of student examples of content at mixed level. substantially to the

involvement in student Students may provide building of

cognitively engagement in substantive explanations mathematical ideas

demanding mathematical or ask mathematically through posing

classroom work. practices such as motivated questions. questions, offering

Tasks are largely explanation, This may also include explanations,

procedural in nature questioning, and tasks with variable looking for

or heavily reasoning. Tasks enactment (high and then patterns, making

scaffolded by the may be largely low during segment). conjectures, and

teacher. procedural in This can also include engaging in other
nature, but instances in which some types of reasoning.

For example, there occasional students/groups are Such contributions

may be inquiry- student engaged in tasks at a are a major feature

response-evaluation- participation or a high level and others are of the segment,

type teacher lectures brief cognitively not. with many student

with no examples of demanding task Students may also contributions or

student explanation, occurs. engage in a task with extended work on a

questioning, or middling cognitive cognitively

reasoning. demand. demanding task.

Also score as Not

Present if there are

unproductive

explorations in

which the majority

of the students are

off-track

mathematically.
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D. TURKISH SUMMARY / TURKCE OZET

ORTAOKUL OGRETMENLERININ OGRETIMINININ MATEMATIKSEL
KALITESI UZERINE BiR DURUM CALISMASI

1. Giris

Matematik, gerg¢ek hayatla dogrudan ilgili olmasi ve ayni zamanda fizik, kimya,
bilgisayar bilimleri gibi diger alanlara da temel olusturmasi nedeniyle okulda
Ogretilen en 6nemli derslerden biridir. Matematikte 6grenci basarisinin gelistirilmesi,
bircok iilkede politikacilar ve arastirmacilarin ilgisini ¢ekmektedir (Harniss &
digerleri, 2002; Jaworski, 2006). Ogrencilerin basarilarini artirmak icin bircok farkli
yontem denenmistir. Bu yontemlerden biri de miifredatta degisiklik yapilmasidir.
Egitim reformu hareketi Tiirk egitim sistemini de etkilemis ve sosyo-ekonomik
(kiiresellesme), politik (Avrupa Birligi), felsefi (Yapilandirmacilik) ve egitimsel
(Ogrenci merkezli dgretim) nedenlerle 2005 yilinda Ortaokul Matematik miifredat:
giincellenmistir (Inal, 2005). Yeni 6gretim programlari “Her ¢ocuk matematigi
Ogrenebilir” diisiincesinden yola ¢ikarak silire¢ becerileri ve matematiksel diisiinme
becerilerinin gelisimine odaklanmakta ve Ogrenci merkezli egitim anlayisim
benimsemektedir. Fakat miifredatin uygulayicist olan dgretmenler 6grencilerin neyi
nasil 6grendigini belirleyen en 6nemli faktorleridir. Alanyazinda yer alan ¢alismalar,
ogretmenlerin 6grencilerin basarisi iizerinde etkili oldugunu gostermistir (Bobis vd.,

2012; Hill vd., 2005; Rockoff, 2004; Teddlie & Reynolds, 2000).

Ogretmen egitiminde hangi degiskenler dgrencinin 6grenmesini ve basarisim etkiler?
Ogretmenlerin mesleki tecriibe siirelerinin, 6gretmenlerin inanglarinin, dgretmenlerin
alan ve pedagojik alan bilgisinin ve ders materyallerinin (6devler, kitaplar, ders
planlar1) etkisi iizerine arastirmalar gergeklestirilmistir. Ogrenmeyi ve basariyi

etkileyen faktorleri anlamak icin bazi aragtirmacilar sinif i¢inde gerceklesen dgretim
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siirecine bakmanin gerekliligi iizerinde durmustur. Ogretimin kalitesini arastimak
icin gesitli smif i¢i gdzlem protokolleri gelistirilmistir. Ogretim Kalitesi
Degerlendirmesi (IQA), Smif I¢i Gozlem Araci, Smif I¢i Gozlem ve Analitik
Protokolii (ICOAP) ve Yenilenmis Ogretim Gozlem Protokolii (RTOP), 6gretimin
kalitesini dlgmek igin kullanilan smif gdzlem cercevelerinden bazilaridir. Ogretimin
Matematiksel Kalitesi (MQI) cercevesi, matematik ogetimine 6zgii bir smnif gézlem
cercevesidir. Bu nedenle matematik egitiminin beklentilerini en iyi sekilde
kargilamaktadir. Bu arastirmada matematik 6gretiminin kalitesini analiz etmek i¢in

MQI ¢ercevesi kullanilmistir.

1.1. Calsmanin Amaci ve Arastirma Sorulari

Bu calisma ortaokul matematik dgretmenlerinin 0gretiminin matematiksel kalitesini
ve 6gretmenlerin vurguladiklar: 6gretim yonlerini ve bunlarin matematiksel kalitesini
arastiran nitel bir ¢calismadir. Bu ¢alisma farkli 6gretmenlerin 6gretimi degerlendirin
bir ¢coklu durum c¢alismasidir. Bu c¢aligma asagidaki iki temel arastirma sorusunu

yanitlamaya ¢aligsmaktadir:

1. Ortaokul matematik 6gretmenleri 6gretimin hangi yonlerini vurgulamaktadir ve bu

yonlerin niteligi nedir?

2. Ortaokul matematik dgretmenlerinin 6gretiminin kalitesi Ogretimin Matematiksel

Kalitesi (MQI) cergevesi ile degerlendirildiginde nasildir?

1.2. Bu calismanin 6nemi

Ogretimin Matematiksel Kalitesi (MQI) cercevesi, ders siirecini bdliimlere ayirir ve
her boliimii ayrintili olarak inceler. Matematik 6gretiminin kalitesinin incelenmesi
ogretmenlerin ihtiyaglar1 hakkinda bilgi verir. Bu calisma Tiirkiye'de matematik
egitiminin ihtiyaglarini giiclii ve zayif yonlerini ortaya ¢ikararak egitim politikasina

yon verme potansiyeline sahiptir. Matematik 6gretmen egitiminin, mesleki gelisim
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programlarinin ve hizmet i¢i egitim calistaylarinin igerigini degistirme veya
uyarlamaya yonelik ipuglar1 verebilir. Ayrica calismanin gergeklestirildigi okul
profilleri birbirinden oldukga farklidir, dolayisiyla 6grenci profillerinin matematigin

Ogretim kalitesi lizerindeki etkisi hakkinda da bilgi verir.

2. Literatiir Taramasi

Bu calisma ortaokul matematik 6gretmenlerinin derslerinin matematiksel kalitesini
arastirmay1 amaglamaktadir. Bu baglamda, iki 6gretmenin dairenin alani ve daire
diliminin alanin1 anlattiklar1 dersleri gézlemlenmistir. Bu nedenle, alan 6lgmenin
ogretimine iliskin alan yazin, 6gretmenlerin bilgisine iliskin alanyazin ve Ogretimin

Matematiksel Kalitesi (MQI) iliskin alan yazin sirasiyla sunulmustur.

2.1. Alan Olgmenin Ogretimi

Olgme, ilk ve orta matematik miifredatinin merkezi bilesenlerinden biridir ve
uzunluk Slgiimiinii, alan 6lciimiinii ve hacim &lciimiinii icerir. Olgme giinliik
hayatimizin bir parcasidir. Bu nedenle 6lgme kavraminin 6grenilmesi dgrenciler i¢in
sadece matematik basaris1 acisindan degil ayni zamanda giinlik yasam becerileri

acgisindan da onemlidir.

Alan 6l¢limii matematik miifredatindaki 6nemli konulardan biridir ve farkl: iilkelerde
O0lcme veya geometri baslig1 altinda ele alinmaktadir (NCTM, 2000). Tiirkiye'de
geometri ve Olgme bagligi altinda yer almaktadir. Alan 6lgme farkli siniflardaki
ortaokul matematik miifredatinda yer almaktadir. Dikdortgenin alaninin 6lgiimii
(kare ozel bir dikdortgen olarak gosterilmektedir) besinci simif miifredatinda, liggen
ve paralelkenarin alaninin 6l¢iimii ise altinct simif miifredatinda yer almaktadir.
Yedinci sinif miifredatinda eskenar dortgen, yamuk, daire ve daire diliminin alan
Olcimiine yer verilmektedir. Son olarak sekizinci sinif miifredatinda dik dairesel
silindirin ylizey alanina yer verilmektedir. Dolayisiyla alan 6gretimi Tirkiye'de de

okul matematiginin 6nemli bir konusudur.
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Alan, iki boyutlu sinirli ve kapali ylizeylerin Ol¢iisiidiir ve bir yiizey, alan dl¢iim
birimi kullanilarak esit parcalara bdliinebilir; alanin 6lgiisii bu 6l¢ii birimlerinin
sayistyla ifade edilir (Smith vd., 2016). Alan 6l¢limii, gergek Ol¢ii birimlerinin somut
diinyas1 ile matematigin soyut diinyasi arasinda bir baglanti kurar (Hiebert, 1981).
Alanin Olciisiiniin  hesaplanmasi, fiziksel nesnelerin kullanimindan matematiksel
islemlerin (formiillerin) yapilmasina gecisi gerektirmektedir (Kordaki & Potari,
2002; Lehrer, 2003; Zacharos, 2006). Bu nedenle alan o6l¢iimii 6grenciler icin
anlasilmas1 zor bir konudur. Literatiirde alan kavraminin 6grenilmesiyle ilgili bes
zorluk listelenmektedir. Bunlar; a) alanin korunumu, b) 6l¢ii birimlerinin anlagilmasi
ve kullanilmasi, c¢) dikdortgeninin yapilanmasi, d) carpimsal iliskiler ve e) alan ve

cevrenin karistirilmasi (Smith vd., 2016, s. 241).

Ogrencilerin karsilastig1 ilk zorluk alanin korunumunun anlasilmasidir. Ogrencilerin
karsilagtig1 ikinci zorluk ise alan 6l¢ili birimlerini anlama ve kullanmayla ilgilidir. Bir
ylizeyin birim karelerle kaplanmasi ve alanin 6l¢iislinii bulmak i¢in birim karenin
sayllmasi, Ogrencilerin birim karenin alanin 06l¢ii birimi oldugunu anlamalari
anlamina gelmez (Kamii & Kysh, 2006; Kordaki & Potari, 1998). Alanin 6l¢ii
biriminin birim kare oldugunu anlamak ic¢in karenin kiicik birimlere
boliinebilecegini, birim karenin kendi basina siireksiz olmasina ragmen alan 6l¢iim

stireclerinde tekrar tekrar kullanilmasiyla siirekli hale geldigini anlamak gerekir.

Bir alam fiziksel olarak birimler karelerle kaplamaktan Ol¢limiin soyutlanmasina
gecis, alanlar1 6lgmek i¢in birim karelerin iki paralel ¢izgiyle temsil edilmesini igerir.
Ancak birimleri iki paralel dogru kullanarak temsil etmek beklenenden daha zor
olup, bir alan1 birim karelerle kaplamak Ogrenciler i¢in yeterince agik degildir
(Outherd & Mitchelmore, 2004). Kare birimler ile kaplamadan ve birimleri
saymadan dikdortgen bir bolgenin alanini hesaplamak i¢in 6grencilerin dikdortgensel
dizi modelini gorsellestirmeleri gerekir ve bu siire¢ dgrencilerin birim kare sayisin
hesaplamalarin1 kolaylastirir hem de dikdortgenlerin alan formiiliiniin temelini
olusturur (Smith vd., 2016). Alan formiiliiniin arkasindaki fikir, satir ve siitun sayilari

ile dikdortgenin toplam alani arasindaki carpimsal iliskiyi anlamaktir.
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Ogrenciler alan formiiliinii ezberleme ve alan formiiliiniin igerdigi islemleri yapma
konusunda iyidirler (Huang & Witz, 2013). Ancak alan formiilii isleminin dogru
yapilmasi 6grencilerin alan Ol¢limiiniin anlamini1 anladig1 anlamima gelmemektedir.
Huang ve Witz'in (2013) arastirmasina katilan dordiincii simif 6grencilerinin beste
ikisi alan kavrami ile alan Ol¢limiinii ayirt edememistir. Alan formiiliinlin aritmetik
islemlere indirgenmesi formiiliin asir1 genellenmesine neden olmakta ve alan dlgiim
igeriginin basarisinin diisiik olmasina neden olmaktadir (Erdem & Giirbiiz, 2018;

Zacharos, 2006).

Ogrenciler ¢evre ve alan kavramlarmi ayirt etmekte zorluk ¢ekmektedir. Alan
formiilinii ve c¢evre formiiliinii birbirinin yerine kullanmaktadirlar (Smith ve
digerleri, 2013; Smith ve digerleri, 2016). 4, 6, 8 ve 9. smif 6grencilerinden bazilari
cokgenlerin alanin1 bulmalar1 istendiginde cevreyi hesaplamiglardir (Olkun vd.,
2014). Bir bagka arastirma ise Kamii ve Kysh (2006) tarafindan yapilmistir.
Sekizinci sinif 6grencilerinden diizensiz ¢okgenlerin alanini bulmalar1 istenmistir.

Ancak baz1 6grenciler cokgenlerin alani yerine ¢evresini hesaplamislardir.

Ogretmen adaylar1 ve 6gretmen adaylari ile yapilan arastirmalar dgretmenlerin de
alan kavramini anlamada, alan ve ¢evre kavramlarimi ayirt etmede zorluk
yasadiklarini gostermektedir. Ogretmenler bir alan1 8lgmenin, yiizeyi birim karelerle
kaplamak ve yiizeyi esit parcalara bdlmeyen birim karelerin sayisini saymak
oldugunu diisiinmektedir (Outhred ve McPhail, 2000). Ogretmenlerin alan 8l¢iimiinii
ylizeyi kaplamak olarak vurgulamasi, diizensiz sekillerin alanini 6lgerken (Kordaki
ve Potari, 1998; Outherd ve Mitchelmore, 2004; Zacharos, 2006) ve Ogrencilerin
ylizeyi kaplayamadig1 durumlarda zorluk yasamasina neden olmaktadir (Outhred &

McPhail, 2000).

2.2. Ogretmen Bilgisi

Ogrencilerin basarisinin arttirilmasi egitimin temel odak noktasidir. Ogrencilerin
basarisim1 etkileyen &nemli faktdrlerden biri de ogretmenlerdir. Ogretmenlerin
icerikle ilgili bilgileri ve igerigin nasil ogretilecegi, dgrencilerin basarisiyla biiyiik

olgiide iliskilidir (Bobis vd., 2012; Hill vd., 2005). Ogretmenin etkili matematik
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Ogretimini saglamak i¢cin matematiksel kavramlar ve pedagojik stratejiler konusunda
derin bir anlayiga sahip olmasi gerekir (Baumert vd., 2010). Etkili matematik
Ogretimi i¢in Ogretmenin bilmesi gerekenler nelerdir? Bu soru Ball ve digerleri
(2008) tarafindan yanitlanmaya caligilmistir. Shulman'in (1986) pedagojik alan
bilgisi kavramini kullanarak alan bilgisi ve pedagojik alan bilgisi olmak iizere iki ana
kategoriyi tanimlamislardir. Bir matematik 6gretmeninin, matematik egitimi almis
herhangi bir yetiskinden farkli olarak neyi bilmesi gerektigini ayirt etmek ig¢in
“Matematigi Ogretme Bilgisi” ¢ergevesini tanimladilar. (Ball ve digerleri, 2005; Hill
ve digerleri, 2008; Ball ve digerleri, 2008). Yani Matematigi Ogretme Bilgisi,
Ogretmenlerin matematigi, ogretim isine 0zgli ve matematigin diger mesleklerin
ihtiyaglarina uyum saglama yontemlerinden siklikla farkli sekillerde anlamasi ve
kullanmas1 gerektigi fikri lizerine insa edilmistir (Stylianides & Ball, 2008, 398).
Matematigi Ogretme Bilgisi matematik dgretmenlerinin bilgilerini degerlendirmek
icin yaygin olarak kabul edilen ve kullamlan bir cercevedir. Ogretime yonelik
matematik bilgisi iki ana kategoriyi igerir: (i) konu alami bilgisi ve (ii)pedagojik

icerik bilgisi.

2.3. Ogretimin Matematiksel Kalitesi (MQI)

Ogretmenlerin Matematigi Ogretme Bilgisi 6grenci grenmesini etkileyen énemli bir
faktordiir (Bobis vd., 2012; Hill vd., 2005). Ancak 6gretimi etkileyen tek durum bu
degildir. Ogrencilerin dgrenmesini gelistirmek icin Ogrencilerin sinifta aldiklar:
Ogretimin daha ayrintili olarak arastirilmasi gerekmektedir (Chalambous vd., 2012).
Ogretimi ayrintili olarak incelemek igin MQI gdzlem protokolii gelistirilmistir.
MQI'nin gii¢lii bir yonii, matematik derslerine 6zel olmasidir ve MQI'nin igerige
0zgii boyutlari, 6grencilerin 6grenmesini gelistirmek i¢in yoneticilerin dgretiminin
bu yonlerine oncelik vermesine olanak tanir (Charalambous & Litke, 2018). MQI,
birinci siif ile on ikinci siif arasinda yer alan matematik miifredatindaki tiim igerik
icin kullanilabilir. MQI'nin gecerlilik c¢alismalari, MQI'nin farkli matematiksel

igceriklere uygulanabilecegini géstermistir.

MQI ¢ergevesi bircok arastirmada farkli amaglarla kullanilmaktadir. Ogretmenlerin

Matematigi Ogretme Bilgisi ile dgretim kalitesi arasindaki baglantiy1 arastiran gok
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sayida ¢alisma vardir (Santagata ve Lee, 2019; Hill ve digerleri 2008, 2012, 2015).
Bazi calismalar &gretmenlerin  Matematigi  Ogretme Bilgisinin ve miifredat
materyallerinin 6gretimin kalitesine katkisini arastirmaktadir (Charalambous ve Hill,

2012; Hill ve Charalambous, 2012).

Ogrencilerin 6grenmesi her zaman dgretimin kalitesinin bir gostergesi olarak kabul
edilir. Bu nedenle bazi arastirmacilar 6gretmenlerin MQI puanlan ile 6grencilerin
test puanlar arasindaki iliskiye odaklanmaktadir (Blazer vd, 2016; Blazer ve Kraft,
2017; Kane ve Straiger, 2012; Hill vd., 2011). MQI gercevesi ayn1 zamanda mesleki
gelisim icin bir ara¢ olarak da kullanilmistir (Kraft & Hill, 2017; Hill vd. 2016;
Mitchell & Marin, 2015).

Adkins (2017) basarili 6grencilerin 6gretmenlerinin matematigi nasil aktardigini
belirlemeye calismistir. Bu 6gretmenlerin kullandigi MQI yontemlerini (boyutunu)
belirlemeye caligmasinda basarili 6grenciler yetistiren Ogretmenlerin Ogrettikleri
konuya iliskin matematiksel alan bilgilerinin yeteli oldugunu ortaya koymustur. Bu
ogretmenler ortalama bir Matematigi Ogretme Bilgisi puanina sahipler ve ¢alismada
gbzlemlenen derslere ait 80 boliimiin yalnizca %3'linde 6gretmenlerin igerik hatasi
tespit edilmistir. Ogretmenler Matematiksel Zenginlik boyutunda yiiksek puani
almislardir. Ogretmenler ogrencilerin  hatalarimi  diizelterek onlarn  katkilarmi
Ogrencilerle ve Matematikle Calisma boyutuna iliskin puan almiglardir. En az
kullanilan boyut Ortak Temelde Olusturulmus Ogrenci Uygulamalaridir. Ogrenciler
matematikle islemsel olarak iletisim kurmuslar ve nadiren matematiksel akil
yiiritmeyi kullanarak tahminler veya sonuglar ¢ikarmiglardir. Ogretmenlerin goreli
zay1flig1 6grencilere rehberlik etmek ve matematiksel akil yiirlitmede genelleme

yapmak olarak saptanmustir.
3. Yontem
Bu boliimde nitel arastirma tasariminin ve durum c¢alismasmin kullaniminin

gerekcesi ve calismanin baglami sunulmaktadir. Daha sonra sirasiyla arastirmanin

katilimcilarina, veri toplama araglarina ve veri analiz tekniklerine yer verilmistir.
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3.1 Arastirma Deseni

Ortaokuldaki matematik derslerinin kalitesini arastirmak amaciyla nitel bir arastirma
tasarimi uygulanmistir. Nitel arastirma, gozlem, goriisme, dokiiman analizi gibi nitel
veri toplama yoOntemlerinin kullanildigi, olaylarin dogal ortaminda gercek¢i ve
biitiinciil bir sekilde ortaya ¢ikarilmasi i¢in nitel bir siirecin takip edildigi aragtirmalar
olarak tanimlanabilir (Yildirim ve Simsek, 2013). Goriisme, gozlem ve analiz nitel
arastirmanin merkezi faaliyetleridir c¢linkii bunlarin hepsi altta yatan anlamin
anlasilmasina yardimei olur (Merriam ve Tisdell, 2015). Bu nedenle nitel arastirma,
insanlarin giinliilk yasamina iligkin arastirmalar i¢in en uygun yontemdir. Egitimde,
Ogretme ve Ogrenme siireciyle ilgili bircok soru arastirmacilar, egitimciler veya
politika yapicilar tarafindan sorulmaktadir. Ogrencinin 6grenmesini etkileyen
faktorler nelerdir? Ogretmenler ortaokulda matematigi nasil ogretir? Ne tiir
faaliyetler yapryorlar? Ne tiir sorular1 ¢dziiyorlar? Ogrenciler sinifta neler yaparlar?
Ogretmenler ve dgrenciler somut materyalleri veya teknolojiyi kullantyor mu? Bu
sorulara cevap verebilmek i¢in Ogretimin giinliik rutinine uyulmasi, 6gretmen ve
ogrencilerle bazi goriigmelerin yapilmasi gerekmektedir. Yani egitim siireciyle ilgili

bircok soruyu cevaplamak i¢in nitel arastirma en iyi aragtirma yoludur.

Nitel arastirma ortaya atilan sorularla baslar, veri toplama genellikle katilimcilarin
ortaminda gergeklesir, belirli veriler genel temalar1 gelistirmek i¢in kullanilir ve
arastirmaci verilerin anlamini yorumlar (Creswell, 2007). Niteliksel arastirma, dogal
ortamda ayrintili bir veri analizini gergeklestirir. Nitel arastirmalarda arastirmaci,
yalnizca bir seyin "ne Sl¢lide" veya "ne kadar iyi" yapildigini anlamaya calismak
yerine, dogal ortamda olup bitenlerin daha biitiinsel bir resmini gormek ister
(Fraenkel vd., 2012). Bu nedenle arastirmaci arastirmanin baglamina odaklanir ve
baglama iliskin zengin bilgiler elde etmeye ¢alisir. Bu arastirma nitel bir ¢aligmadir
ve smiftaki (dogal ortamda) matematik Ogretiminin kalitesini nitel veri toplama

yontemleri gdzlem ve grup tartismasi kullanarak arastirmayi amaclamaktadir.
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3.2. Cahismanin Baglam ve Katihmcilar

Bu ¢aligmanin odak noktas1 6gretimin matematiksel kalitesidir. Odak noktas1 6gretim
kalitesi oldugundan, goézlemlerin yapildigi okul hakkinda biraz bilgi vermek,
calismanin ortamini anlamada yardimci olacaktir. Aragtirma Orta Anadolu'daki iki
farkli devlet ortaokulunda gergeklestirilmistir. Okullardan biri imam hatip
ortaokuludur. Imam-hatip ortaokullari, ortak ortaokul derslerinin yani sira dini
derslerin de verildigi bir ortaokul tiiriidiir. Bu okullarda kiz ve erkek 6grenciler ayri
siiflarda egitim alirlar. Siniflarda ortalama 25 veya 26 6grenci kayitlliydi. Smifta
Tiirkce bilmeyen Ogrenciler vardi. Bazi ebeveynlerin sosyo-ekonomik diizeyleri
ortalamanin altindaydi. Bazi ebeveynler mevsimlik is¢i olarak ¢alisiyordu. Bu
nedenle okuldaki &grenciler devam sorunu yasamaktadir. Okulun basar1 diizeyi
ortalama basar1 diizeyinin biraz altindadir. Ikinci okul bir devlet ortaokuluydu ve
Tirkiye'de ortaokullar karma egitim vermektedir. Siniflarda 35 veya 36 O6grenci
bulunmaktadir. Ogrencilerin tamami Tiirkce konusuyordu ve ebeveynlerin sosyo-
ekonomik diizeyleri ortalamanin iizerindeydi. Okul bir devlet iiniversitesinin kampiis
alanina yakin oldugundan velilerin ¢ogu tniversite personeliydi. Okul sehrin en

basarili okullarindan biri olarak biliniyordu.

Bir aragtirmada toplanacak verilerin amaci ve igerigi katilimcilarin se¢im siirecini
etkileyen temel faktorlerdir. Bu ¢alisma matematik 6gretiminin 6gretim kalitesini
degerlendirmeyi amaglamaktadir. Siireci derinlemesine analiz etmek i¢in amagh
ornekleme kullanilarak ii¢ katilimci segilmistir. Bu c¢alismanin katilimcilar g
ortaokul matematik Ogretmenidir. Calisma grubunu belirlerken 12 ortaokul
matematik 6gretmeniyle goriisme yapilmistir. Katilimcilarin segciminde birincil kriter,
Ogretmenlerin caligmaya katilmaya goniilli olmalar1 ve Ogretimlerinin videoya
kaydedilmesine, incelenip degerlendirilmesine izin vermeleridir. ~ Ayrica
O0gretmenelrin paylagsmaya agik olmalar1 da katilimci se¢imi etkileyen bir diger
faktordiir. Her {i¢ katilimc1 da grup tartismasi siirecinde yer almistir. Sadece iki

katilimcinin dersleri gdzlemlenebilmistir.

271



3.3. Veri Toplama Siireci

Veri toplama siireci 6gretim Oncesi ve uygulama olmak {izere iki asamadan
olusmaktadir. ik veri kaynagi ogretim oncesi gerceklestirilen grup tartisma
videolaridir. Ogretimin gerceklestirilmesinden yaklasik bir ay énce dgretmenler bir
araya gelerek icerigi “nasil 6greteceklerini” tartigtilar. Dairenin alaninin 6gretimi ve
daire diliminin alaninin 6gretimi ile ilgili deneyimlerini paylastilar. Her 6gretmen
ogretim sirasinda kullandiklar1 etkinlikleri, problemleri ve 6gretim yontemlerinden
bahsetti. Ayrica Ogrencilerin daire ve sektor alanina iliskin degisimlerinden ve

kavram yanilgilarindan da bahsettiler.

Ikinci veri kaynag1 videoya kaydedilmis ders anlatim siiregleridir. Dogrudan gdzlem,
Ogretmen etkinligini aragtirmanin etkili yollarindan biridir (Mangiante, 2011).
Gegerli bir gozlem gerceklestirmek icin iki bilesen gereklidir; gecerli bir gozlem
formu ve egitimli bir gozlemci (Goe ve digerleri, 2011). Bir 6gretmenin 6gretim
kalitesini yakalamak i¢in MQI arastirmasi en az iki dersin gdzlemlenmesini
onermektedir (Ho & Kane, 2013; Santagata & Lee, 2019). Her 6gretmen birbirini
takip etmeyen talimatlari iki kez gozlemledi. Aragtirma sorularini yanitlamak igin,
kazanimi “Dairenin ve daire diliminin alanini hesaplar” idi. Ogretmenler ilk olarak
cemberin alanmi 6gretirken gdzlemlendi. Ikinci gdzlemleri daire diliminin alanim
ogretirken gerceklesti. Verilerin daha iyi anlasilmasi ve aciklamalar yapilabilmesi
icin ana veri kaynagmin yani sira ortaokul matematik miifredati ve ortaokul
matematik ders kitabi da kullanilmigtir. Arastirmact smifta goézlemci olarak
bulunarak dgretimle ilgili notlar almistir. Ogretmen ve 6grencilerin tahtada yaptiklari
caligmalar video kaydinda goriinmiiyordu. Bu calismalar i¢in aragtirmacinin alan

notlarindan yararlanilmistir.

3.4. Veri Analizi

Nitel veri analizi asagidaki adimlari igerir; Ham verileri analiz i¢in organize etme ve
hazirlama, tiim verileri okuma, verileri kodlama, temalar ve aciklamalar olusturma,

temalar/agiklamalar arasinda iliski kurma ve temalarin/agiklamalarin anlamlarini

272



yorumlama adimlar1 kullanailmaktadir (Creswell, 2007). Literatiirde nitel verilerin
analizinde bir¢ok farkli analiz yontemi kullanilmistir. Bu ¢alismada sdylem analizi
ve icerik analizi birlikte kullanilmustir. igerik analizi teknigi, arastirmacilarin insan
davraniglar1 iizerinde dolayli olarak calisabilmesine olanak saglar (Fraenkel vd.,
2012). Soylem analizi dilbilimsel bir yaklasimdir ve konugmanin diline odaklanir
(Merriam & Tisdell, 2015). Egitim Oncesi grup tartisma video kayitlarini analiz
etmek icin, MQI ¢ergevesinin uyarlanmig bir versiyonu analiz gergevesi olarak
kullanilmistir. Ancak MQI'nin 4 seviyeli puanlama anahtar1 ders videolarinin analizi
icin gelistirilmigtir. Bu nedenle MQI'nin seviyeli puanlama anahtar1 grup
tartigmalarint puanlamak i¢in uyarlanmistir. Ders video kayitlari, ¢aligmanin teorik
cergevesini  olusturan MQI c¢erceve bilesenleri ve alt bilesenlerine gore
degerlendirilmis, diizenlenmis ve yorumlanmistir. Bulgular anlatilar ve dogrudan

alintilarla desteklenmistir.

4. Bulgular ve Tartisma

Bu boéliimde mevcut ¢alismanin bulgulari ana boliimler ve ilgili alt boliimlerde
Ozetlenmistir. Bu boliimde oOgretmenlerin matematik derslerinin  6zetleri yer
almaktadir. Bu ders anlatimlari, 6gretmenlerin Ogretim siirecini incelemek ve

Ogretimin kalitesini arastirmak i¢in kullanilmistir.

4.1.  Grup Tartismasi: Dairenin Alammin Ogretimi

Ogretmenler ders anlattmmi gerceklestirmeden once bir araya gelerek ¢emberin
alanmin nasil Ogretilecegini tartistilar. Tartigma yaklasik yiliz dakika siirdii.
Ogretmenlik uygulamalarindan &rnekler verdiler ve birbirlerinin fikirleri hakkinda

yorum yaptilar. Ogretmenler bilgi ve deneyimlerini paylastilar.

Ogretmenlerin grup tartismasi uyarlanan MQI degerlendirme tablosuna gére analiz
edildi. Ogretmenlerin tartismasinda Matematiksel Zenginlik boyutu igin Temsiller
Aras1 Baglanti Kurmak, Agiklama, Matematiksel Anlamlandirma ve Matematiksel
Dil alt boyutlar1 puanlanmistir. Coklu Islemler ve Coziim Yontemleri ve Oriintiiler

ve Genelleme alt boyutlarina iligkin herhangi bir bulguya rastlanmamistir. Temsiller
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Aras1 Baglanti Kurmak alt boyutuna iliskin yalnizca iki 6rnege yer verilmistir. Yusuf
dairenin alanini tanitmak i¢in somut materyallerin kullanimindan bahsetti. Dairenin
alan formiiliinii anlamlandirmak i¢in manipiilatiflerin nasil kullanilacagini detayh
olarak anlatti. Konuyu daha ayrintili olarak tartistilar ancak manipiilatiflerin sinifta
kullanim1 ayrintili olarak tartisiimadi. Bu nedenle “Orta” olarak puanlanmistir.
Aciklama boyutunda ise yalnizca bir 6rnek puanlanmigtir. Efe, pi sayisinin neden
irrasyonel bir say1r oldugunu nasil agikladigin1 ve irrasyonel sayiyr nasil
anlamlandirdigin1 anlatti. Ogretmenlerin Matematiksel Anlamlandirma boyutuna
iligkin tartigmalarini iki ana baglikta toplamak miimkiindiir; dairenin alan formiiliiniin
anlamini anlamak ve pi sayisini anlamlandirmaktir. Her ii¢ 6gretmen de alan
formiiliinii anlamlandirmak i¢in kullandiklar1 yontemleri anlattilar. Efe ve Yusuf pi'yi
anlamlandirmak igin yaptiklar: etkinlikleri anlattilar. Ogretmenler matematik dilini
dogru ve etkili kullanmiglardir. Herhangi bir yanlis kullanim veya dil hatasi

gbzlemlenmemistir.

Ogrencilerle ve Matematikle Calismak ve boyutu icin Ogrenci Hatalarinin ve
Zorluklarinin  Diizeltilmesi ve Ogretmenin Ogrencilerin Matematiksel Katkisini
kullanmas1 boyutlarina iliskin veriler elde edilmistir. Yusuf ve Ali olast 6grenci
zorluklarindan ve hatalarindan bahsettiler ancak herhangi bir ¢6ziim 6nermediler.
Sadece Efe Ogrencilerin derse nasil katki sagladigimi ve ogrenci katkisini

matematigin gelistirilmesinde nasil kullandigini anlatti ve “Orta” olarak kodlandi.

Ortak Temelde Olusturulmus Ogrenci Uygulamalar1 boyunun tiim alt boyutlar1 en az
bir kez puanlanmustir. Ogrenci Agiklama Uretmeleri alt boyutunda 6grencilerin hangi
dairenin daha biiyilik olduguna dair nasil agiklama yaptiklarindan sadece Efe bahsetti
ve bu “Diisiik” olarak puanlandi. Ogrencilerin Baglamsal Problemler Uzeninde
Calismasi icin her ii¢ 6gretmen de baglamsal problemlere iligkin ornekler sundu.
Ali'nin baglamsal onerisi 6grenciler arasinda popiiler olan bir bilgisayar oyununun
kullanilmastydi. Ogrenciler igin ¢ok dikkat ¢ekici oldugunu sdyledi. Bu baglamdan
uzun siire bahsettiler ve "Yiiksek" olarak puanlanmidi. Efe birden fazla baglamdan

bahsetti.
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Puanlanmayan tek boyut Hatalar ve Belirsizliklerdir. Ogretmenler icerik hatasi

yapmamistir. Matematiksel dili titizlikle kullanmastir.

4.2.  Grup Tartismasi: Dairenin Diliminin Alaninin Ogretimi

Arastirmac1 &gretmenlerden bir araya gelerek daire alanini nasil Ogrettiklerini
tartismalarini istemistir. Ogretmenler kendi 6gretim uygulamalarindan &rnekler
vererek birbirlerinin uygulamalar1 hakkinda yorum yaptilar. Tartisma yetmis dakika
stirdii. Grup tartigmasi ile 6gretmenlerin sinif uygulamalar1 ve matematik dgretiminin

kalitesi hakkinda daha fazla veri toplamay1 amag¢lanmistir.

Ogretmenlerin grubu tartismasi, uyarlanan MQI degerlendirme tablosuna gére analiz
edildi. Matematiksel Zenginlik boyutu icin Temsiller Arasi Baglanti Kurmak,
Agiklama, Matematiksel Anlamlandirma ve Matematiksel Dil alt boyutlari
puanlanmistir. Katilimcilarin tamami daire diliminin alan formiiliinii biliyordu. Bu
nedenle konunun nasil tanitilmasi gerektigini tartistilar. Birbirlerinin bagvurulari
hakkinda yorum yaptilar ve konuyu en iyi sekilde sunmanin yolunu bulmaya

calistilar. Oriintii ve Genelleme ile ilgili herhangi bir kamt gézlemlenmemistir.

Ogrencilerle ve Matematikle Calismak ve boyutu icin Ogrenci Hatalarinin ve
Zorluklarmin Diizeltilmesi ve Ogretmenin Ogrencilerin Matematiksel Katkisini
kullanmas1 boyutlarina iliskin veriler elde edilmistir. Ogretmenler Ogretecekleri
konuya dair alan bilgisine sahipti ve kendi Ogrencilerini tantyordu. Yusuf ve Efe
olas1 6grenci zorluklarindan ve hatalarindan bahsettiler. Ancak 6grencilerin olasi
hata ve zorluklara iliskin diistinceleri farkliydi. Yusuf, 6grencilerinin dairenin toplam
alan1 ile 360 derecelik merkez agisini iliskilendirmede zorluk yasayacaklarini iddia

etti. Efe, 6grencileri i¢in bunun bariz oldugunu soyledi.

Ortak Temelde Olusturulmus Ogrenci Uygulamalari boyunun tiim alt boyutlari en az
bir kez puanlanmustir. Ogrencilerin Agiklama Uretmeleri alt boyutunda her iic
o0gretmen de bazi 6grenci agiklamalarindan bahsetti. Efe, 6grencilerin bir sektoriin
alanmin diger bir sektoriin alanindan neden daha biiylik olduguna dair agiklama

yapacaklarin1 sOyledi. Ag¢iklamalar1 ayrintiliydi ancak matematigi gelistirmek igin
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ogrenci katkisini nasil kullandigindan bahsetmedi ve “Orta” olarak puanlandi. Ali ve
Yusuf, oOgrencilerin yarim veya c¢eyrek ile merkez a¢1 arasindaki iligkiyi
kurabileceklerinden bahsetti. Ali, bilinmeyen bir merkez aciya sahip daire
dilimlerinin alanlarin1 karsilastirmak i¢in 6grencilerin yarimin alanini ve ceyregin
alanini referans alacaklarini sdyledi. Ali bir daire diliminin alanini bulmak i¢in neden
merkezi agiya ihtiya¢ duyuldugunu agiklamak ic¢in bu 6grencinin katkisini kullandi.

Ali'nin agiklamalar1 "Yiiksek" puan ald1

4.3.  Ali’nin ilk Dersinin Gozlemi: Dairenin Alam

Ali'nin dersinin ilk gbzlemi dairenin alanin1 6gretirken yedinci siniflarla gergeklesti.

Ders videoya kaydedilmis ve arastirmaci pasif gézlemci olarak sinifta yer almistir.

Ali derse zamaninda basladi. Ogretime baslamadan 6nce yalnizca bir buguk dakika
harcandi. Bu siire 6grencileri selamlamak ve akilli tahtayir agmakla gecti. Alj,
Ogrencilere dersin amacini, dairenin alaninin nasil hesaplanacagini 6greneceklerini
aciklayarak derse basladi. Akilli tahtada bir harita gosterdi. Ogrenciler bunun bir
bilgisayar oyununun haritasi oldugunu sdylediler. Ogrencilerin neredeyse tamami
oyunu biliyordu. Bu béliimde Ali'nin dairenin alani 6gretim videosu MQI 4-seviyeli
analiz cercevesini kullanilarak degerlendirilmektedir. Ders 7 dakikalik béliimlere

ayrilmis ve her 7 dakikalik boliim ayr1 ayr1 degerlendirilmistir.

Ogrencilerle ve Matematikle Calismak kodu, 6gretmenin ogrencilere nasil yamit
verdigini ve Ogretmenin Ogrencilerin katkilarindan nasil yararlandigini gosterir.
Ogrencilerle ve Matematikle Calismak kodunun égrencilerin karsilastig1 matematigin
derinligini gostermektedir. Ali'nin dersi Matematiksel Zenginligi kodlarinda bazi
boliimler igin "Orta" veya "Yiiksek" puan alirken, Ogrencilerle ve Matematik ile

Calismak kodlarinda "Diisiik" puan aldi.

Ogrencilerin  Agiklamalar Uretmeleri boyutu dort boliimde puanlanamamustir.
Ogrencilerin agiklamalar1 sik oldugu icin sadece 1. boliim “Orta” olarak puanlandi.
Cevaplarini gerekg¢elendirerek neden bir dairenin digerinden daha biiylik oldugunu

acikladilar. Diger bes boliim ise Ogrencilerin kisa acgiklamalar yapmasi nedeniyle
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“Diisiik” puan aldi. Ornegin 7. béliimde dgretmen alanm 6l¢ii biriminin ne oldugunu
ve Ol¢ili biriminin neden metrekare oldugunu sordu. Bazi 6grenciler bunun bir gergek
oldugunu soyledi. Baz1 6grenciler ise metre kare ile 6l¢iildiigiinii soyledi. 4.boliimde
bir Ogrenci, yeniden diizenlenen seklin alaninin taban ile yiikseklikle c¢arpilip
sonucun 2'ye boliinmesiyle bulunabilecegini agiklamistir. Bu 6grencinin agiklamasi

yanlistir.

Egitim, 6gretmen ve Ogrenciler arasindaki karsilikli diyalogla devam etti. Ancak
ogrencilerin katkilar1 ¢ok fazla degildi. Yedi segment Ogrencilerin Matematiksel
Sorgulama ve Muhakeme Yapmasi i¢in “NP” puani aldi. 7. bolimde bir 6grenci
pi'nin degeri hakkinda bir soru sordu. “Toplam alani neden 3’e boliiyoruz?” dedi.
Neden 3 kullantyoruz? Ogretmen pi'yi zaten 6grendiklerini, birkag hafta dnce biraz
tartigtiklarini sdyledi. 8. boliimde bir 6grenci r2 ile ilgili bir soru sordu. "49 neden
7'ye esit?" diye sordu. Yarigagin karesi ile yapilan islemi anlamakta zorluk yasadi.
Ogretmen bir sayinm karesinin o sayiyr kendisiyle ¢arpmak anlamina geldigini
acikladi. 9. Boélimde bir 0grenci, dairenin tetragona en iyi sekilde uyacagi ve
tetragona dort taraftan da teget olacagi icin tetragonun kare olmasi gerektigini

acikladi. Bu ii¢ boliimiin tiimii “Diisiik” olarak puanlandi.

Geometride sekiller bir temsil olarak sayilmadigindan, yedi segment Temsiller Arasi
Baglanti Kurmak alt boyunda puanlanmamaistir. Geometri derslerinde geometrik sekil
“seyin kendisi” olarak kabul edilir. Temsiller Aras1 Baglanti Kurmak boyutu i¢in

yalnizca iki segment “Diisiik” olarak kodlanmustir.

4.4.  Ali’nin ikinci Dersinin Gozlemi: Daire diliminin Alani

Bu derste biitiin Matematiksel Zenginlik alt boyutlar1 en bir kez gdzlemlenmistir. Ez
az gdzlemlenen alt boyut Temsiller Aras1 Baglanti Kurmak, Coklu Islemler ve
Coziim Yontemleri ve Oriintiiller ve Genelleme boyutlaridir. Cogu durumda
Aciklama ve Matematiksel Anlamlandirma boyutlar1 birbiri ile ¢akismaktadir. Bu
nedenle, Matematiksel Anlam Olusturma boyutunun bir¢cok bolimii i¢cin Ogretim
“NP”den farkli puan aldi. Matematiksel Anlamlandirma alaninda yalnizca 4. ve 10.

boliimler “NP” aldi. 1. boliimde 6gretmenler bir sorunun ¢oziimiinii agikladilar.
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Sorunun ¢oziimiini agiklamak i¢in Ogretmen dairenin yarigapi ile dikdortgenin
kenarlarimin  esitligini  gosterdi. 2. ve 3. bolimlerde Ogretmen ¢eyregi
anlamlandirmaya ¢alisti. Belirli bir dairenin neden tam dairenin ¢eyregi ve dortte biri
oldugunu agcikladi. Agiklamalarin tamami Matematiksel Anlamlandirma olarak
nitelendirilmediginden boliimler “Diisiik” puan alirken, Aciklamalar i¢in “Orta” puan
aldi. S5, Aciklamalar alaninda “Orta” puan alirken, Matematiksel Anlamlandirma
alaninda “Yiiksek” puan aldi. Ogretmen ve dgrenciler, bir dgrencinin dogru cevabi
bulmasma ragmen ¢dziim ydnteminin neden yanlis oldugunu tartistilar. Ogretmenin
Ogrencinin ¢oziimiine iligkin agiklamasi ayrintiliydi ancak 6gretimin odak noktasi

degildi

Ders, 6gretmen ve Ogrenciler arasindaki karsilikli diyalogla iizerine kurulmustu.
Ancak oOgrenci katkilar1 genel olarak matematiksel olarak onemli degildi, yani
ogrenciler matematiksel diisinmeyle mesgul degildi. Alt1 segment Ogrencilerin
Matematiksel Sorgulama ve Muhakeme Yapmas: boyutu i¢in “NP” puam aldi.
Segment 1 ve segment 6 “Orta” olarak puanlandi. Birinci boliimde bir 6grenci kendi
¢Oziim yoOntemini anlatmis ve arkadasinin ¢oziimiinii kendi hatasina isaret ederek
yorumlamistir. 6. Bolim “Orta” olarak puanlandi ¢linkii bir 6grenci turuncu alanin
mavi alandan neden daha biiyiik oldugunu bdlgeyi yarimla karsilagtirarak agikladi.
Ogrencilerin geyrek ve dortte bir ile ilgili sorular sormasi nedeniyle 2. ve 3. béliimler

“Diisiik” olarak puanland.

Ogretmen sorular sorarak dgrencilerin derse katilimini sagladi. Ogretim, 6gretmenin
sorular1 ve dgrencilerin cevaplariyla devam etti. Dolayistyla, Ogrencilerin Matematik
ile Ilgili iletisim Kurmast i¢in higbir segment "NP" olarak puanlanmadi. Ogrencilerin
katkilar1 kisa oldugu i¢in yalmzca 2. ve 3. boliimler “Diisiik” kareyi ald1. iki 6grenci
¢oziimlerini tahtada sundu ve 10. boliim “Yiiksek” puan aldi. Diger yedi boliim ise
“Orta” olarak puanlandi ¢linkii bazi kisa 6grenci katkilari, 68renci agiklamalar1 veya
ogrencilerin ¢dziim yontemlerine iliskin paylasimlari gozlemlendi. Ornegin 4.
boliimde bazi kisa 6grenci katkilarina ek olarak bir 6grenci ¢éziimiin tiim adimlarini
Ozetledi. 5. boliimde bir 6grenci tahtadaki soruyu ¢ozdii ve bazi O6grenciler onun

¢oziimii hakkinda yorum yapti.
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4.5. Efe’nin ik Dersinin Gozlemi: Dairenin Alam

Efe, o6gretim boyunca matematiksel dili akici bir sekilde kullandi ve o6grencilere
matematiksel terimleri dogru kullanmalar1 konusunda uyarilarda bulundu yapti. Bu
nedenle segmentler genel olarak “Orta” veya “Yiiksek” puan aldi. Yalnizca
ogrencilerin kopyaladigi bolim 7 ve bolim 8 “Diisiik” olarak kodlanmistir ve

O0gretmen onlarin yaptiklarin1 ve 6grendiklerini 6zetlemistir.

Tiim segmentler genel bir Matematiksel Zenginlik puani verilmektedir.. Genel puan
verilirken matematik dilinin orta diizeyde kullanilmasi zenginlik unsuru olarak
degerlendirilmemektedir. Dolayisiyla 5. boliim ve 10. bolim Matematiksel Dil
disinda herhangi bir zenginlik unsuru icermediginden “NP” genel puanlarini almistir.
Ik dort segment “Orta” ve “Yiiksek” genel zenginlik puanlar aldi. ilk ders saati
dilimlerinde oOgrencilere sunulan matematik derinlemesine hazirlanmis ve
Ogrencilerin kavramsal anlamalarin1 destekleyecek sekilde yapilandirilmistir. Ayrica
Ogretmenin sayilar arasindaki iliskiye odaklandigr 6. bolim “Yiiksek™ puan aldi.
Siif aligtirma sorularimi ¢ézmeye basladiginda 6grencilere sunulan matematigin
derinligi azald1 ve bir sonraki boliim “Diislik” puanlar aldi. Sorularin ¢dziimiinde
sadece dairenin alan formiiliinii uyguladiklar i¢in az sayida Matematiksel Zenginlik

unsuru olustu.

Efe’nin ikinci ders anlatimi Ogrenci Hatalarinin ve Zorluklarinin Diizeltilmesi igin
“NP” veya “Diisiik” olarak kodlanmistir. Derse 6gretmenin konusmasi hakimdi. Bu
nedenle boliim 6 ve bdliim 10'da birkag 6grenci hatasi veya zorlugu gozlemlendi. 6.
boliimde pi degeri 3,14 iken bir 6grenci Olcili birimine karar vermekte zorlanmistir.
Boliimler Ogretmenin Ogrencilerin Matematiksel Katkisini Kullanmasi boyutunda

“NP” ya da “Orta” olarak puanlanmustir.

Ogretmen derse bir hikaye problemini tanitarak basladi ve ilk iki bdliim boyunca
bunun iizerinde ¢alistilar. Yani ilk iki boliim, Ogrencilerin Baglamsal Problemler
Uzerinde Calismas1 boyutu icin "Orta" puan aldi. 3. béliimde dgretmen bir daire
¢izdi, pargalar1 yeniden diizenledi ve saf geometriden bahsetti. 4.boliimde 6gretmen

hikaye problemine geri dondii ve ¢ozdii. Dolayisiyla , Ogrencilerin Baglamsal
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Problemler Uzerinde Calismasi boyutu icin S4 “Orta” olarak puanlanmustir.
Cemberin alan formiiliinii gelistirdikten sonra saf geometri iizerinde g¢alistilar ve

segmentlere “NP” puani verildi.

Segment 8, Ogrencilerin Matematik ile Ilgili iletisim Kurmasi boyutunda "NP" puani
aldi. 8. boliime 6gretmenin konusmasi hakim oldu ve matematik 6grencisinin katkisi
olmadi. Bolim 1 ve boliim 4, bazi kisa ve bazi 6nemli 6grenci katkilar1 olustugundan
"Orta" puan aldi. Birinci boliimde 6grenciler hangi dairenin daha biiyiik olduguna
dair diisiincelerini dile getirdiler. Gerekgelerini agikladilar. 4. boliimde O6grenciler
dairenin alan formiiliinlin gelistirilmesine katkida bulundular. Bir 6grenci soruyu
tahtada ¢ozdii ve 10. boliim “Orta” olarak puanlandi. 9.boliimde birden fazla dgrenci
¢oziimlerini tahtada sunarak “Yiiksek” puan aldi. Ogrencilerin katkilar1 kisa
oldugundan ve 6gretmenin sorularina verilen bir veya iki kelimelik yanitlarla sinirl

oldugundan geri kalan boliimler "Diisiik" puan aldi.

4.6. Efe’nin ikinci Dersinin Gozlemi: Daire diliminin Alam

Dersin amaci daire diliminin alanini hesaplamay1 6grenmekti. Bu bir geometri
oldugu i¢in sekiller temsil olarak kabul edilmemektedir. Bu nedenle Temsiller Arasi
Baglanti Kurmak kodu igin yalmzca 1. béliimde “Orta” puan almistir. Ogretmen
daire ile ger¢ek yasam durumu arasinda baglanti kurdu. Daireler veya daire dilimi ile
sembolik temsiller arasinda baglantilar kuruldu. Diger segmentler “NP” olarak

kodlandi.

Ogretmen alan formiiliinii {izerinde ¢alistiktan sonra agikladi. Ogretmen 6grencilerin
sektorlerin alan formiillerini kendi kendilerine kesfetmelerini saglamaya calisti. Bu
nedenle Ogrenciler Oncelikle sektorlerin merkez agist ile sektorlerin alanlar
arasindaki dogru orantiy1 kesfettiler. Dolayisiyla ilk ti¢ boliim baglami olusturmaya
harcandi ve higbir prosediir veya ¢oziim yontemi tanitilmadi. Efe ikinci olarak
sektorlerin alan formiiliinii tanitarak 6grencileri sorular1 ¢ozerken sayilar arasindaki
iliskileri kullanmaya tesvik etti. Ogrenciler soruyu c¢dzerken bu yontemleri
kullanmiglar ve karsilastirmislardir. Her soru icin en az iki farkli ¢oziim yontemi

kullanmiglardir. Dolayisiyla sinifin soru ¢ézdiigli boliimler (bolim 5 ve bolim 8)
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“Orta” puan alirken, 4, 5 ve 9” boliimleri Coklu Islemler ve Coziim Ydntemleri igin

“Yiiksek” puan aldi.

Ogrenci Hatalarinin ve Zorluklarmin Diizeltilmesi i¢in sekiz bdliim “NP”, bir bolim
“Diisiik” ve bir bolim de “Orta” olarak kodlandi. Segmentlerin sekizinde herhangi
bir 6grenci hatasi veya zorlugu gézlemlenmedi. 3.boliimde bir 6grenci gereksiz bir
islem gergeklestirdi. Ogretmen o6grencileri uyardi ve yaptigi islemlerin anlamsiz
oldugunu soyledi. Ayrica 3. segmentte bir on iyilestirme meydana geldi. Ders
sirasinda 6gretmen dgrencilerle etkilesimde bulundu. Ogretmenin konusmasi baskin
olsa da Efe, oOgrencilerin Onemli katkilari1 matematigin gelistirilmesi igin
kullanmaya istekliydi. ilk bes boliimde bir sektoriin alaninin nasil bulunacagi
lizerinde calisiliyor. Ogrenciler aktif olarak katildilar ve &gretmen dogru dgrenci
fikirlerini vurgulad: ve bunlar igerigi olusturmak i¢in kullandi. Yani, Ogretmenin
Ogrencilerin Matematiksel Katkilari Kullanmasi kodunu kullandig: icin segmentler

“Orta” veya “Yiiksek” puanlar alir.

Ortak Temelde Olusturulmus Ogrenci Uygulamalar1 boyutunun tiim alt boyutlar1 en
az bir kez puanlanmistir. Ogrenci Agiklama Uretmeleri boyutu i¢in yedi bdliim
“NP” olarak puanlanmigtir. 2, 5 ve 8. boliimlerde 6grencilerin agiklamalar: yer
almaktadir. 2. bolimde bir 6grenci, mavi sektdrde Carkifelek't durdurma sansinm
acikladi. Aciklamasi kisa olmaktan da 6teydi ve "Orta" olarak puanlandi. Besinci
boliimde bir dgrenci sektdriin alan formiiliinii belirtmistir. Ogretmen 6grencilerden
formiilin ne anlama geldigini aciklamalarini istedi. Ogrencinin agiklamasi
tamamlanmadi ve “Diisiik” puan aldi. 8. bdliimde baska bir 6grenci agiklamasi daha
gerceklesti. Ogrenci, ¢dziimiiniin neden ise yaradigim acikladi.

Efe'nin anlatimina genellikle 6gretmenin konusmasi hakimdi. Ogrencilerin katkilari
sik degildi. Dolayisiyla Ogrencilerin Matematiksel Sorgulama ve Muhakeme
Yapmasi boyutunda alt1 segment “NP”, bir segment “Diisiik”, bir segment “Orta” ve
iki segment “Yiiksek” puan aldi. 2, 3 ve 5. boliimlerde 6grencilerin aciklamalar
gerceklesti. Ikinci boliim yalnizca bir 6grenci agiklamasi &rnegini igeriyordu ve

“Orta” olarak puanlandi.
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5. Conclusion and Discussion

Bu c¢alisma, iki ortaokul matematik Ogretmeninin matematik Ogretimine ve
Ogretmenlerin grup tartismasinda vurguladigi 6gretim yonlerine ayrintili bir bakis
sunmaktadir. Grup tartigmalar1 6gretimden neredeyse bir ay dnce gerceklestirilmistir.
Ogretmenler kendi 6gretim deneyimlerini paylastilar. Yani 6gretim yontemlerinden,
uyguladiklar1 etkinliklerden, ¢6zdiikleri problemlerden, 6grencilerinin daire ve daire
diliminin alanina iliskin karsilastiklar1 zorluklardan bahsetmislerdir. Her 6gretmenin
ardisik olmayan iki dersi videoya kaydedildi ve ardindan MQI ¢ergevesi kullanilarak
analiz edildi. Dersler yedinci siniflarda gerceklestirildi. Dersler analiz igin 7

dakikalik boliimlere ayrildi.

Ogretmenler tiim derslerde dogrudan anlatim ve soru-cevap tekniklerini
kullanmuslardir. Alan alanyazinda da benzer galismalar bulunmaktadir. Ogretmenler
Ogretimin baslangicinda dogrudan 6gretimi kullanmis, daha sonra soru-cevap ve

tartisma gibi teknikleri kullanmiglardir (Yeo, 2008).

Grup tartigmalariin ve ders videolarmin bulgulari, Ogretmenler Ogrettikleri
matematiksel igerigin alan bilgisine sahip oldugu gostermektedir. Yalnizca iki
ornekte matematiksel dilin muglak kullanimi goézlemlenmistir. Efe disbiikey
cokgenlerden bahsederken “diizgiin sekil” kelimesini, Ali ise “merkez ag¢1” yerine
“ac1” kelimesini kullanmistir. Her iki 0gretmenin de alanin 6l¢ii birimine iliskin
bilgileri yetersizdir. Ali ve Efe, iki uzunlugun ¢arpimi nedeniyle alanin 6l¢iisiiniin
metrekare oldugunu agikladilar. Literatlirdeki arastirmalar 0gretmenlerin de alan
Ol¢limii birimlerini anlamada zorluk yasadiklarini gostermistir (Kordaki ve Potari,
1998; Ma, 2010; Outhred ve McPhail, 2000; Outherd ve Mitchelmore, 2004;
Zacharos, 2006; Reinke, 1997).

Ogretmenlerin matematiksel alan bilgileri, 6gretmenlerin gérev yaptigi okullardan
etkilenmezken oOgretimin MQI puani okul farkliligindan etkilenmistir. Ali’nin
okulundaki 6grenciler sosyo-ekonomik diizeyi diistiik ailelerden geliyordu. Bir¢ok
Ogrenci diizenli olarak okula gidemedi. Bu nedenle pek ¢ok matematik konusunu

gozden kacirdilar ve bilgi eksikligiyle karsi karsiya kaldilar. Ali'nin smifinda
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ogrencilerin yasadig1 zorluklar bilgi eksikliginden kaynaklaniyordu ve &grencilerin
aciklamalar1 genellikle matematiksel olarak dnemli degildi. Efe okulunun 6grencileri
yuksek sosyoekonomik diiseye sahip ailelerden gelmektedir ve anne ve babalar1 iyi
egitimlidir. Ogrenciler yeni konu ile énceki dgrendikleri arasinda kolayca baglanti
kurdular. Hill ve digerleri (2015) okul ortaminin 6gretim kalitesini etkiledigini

belirterek benzer bir sonug belirtmistir.

Ali'nin smifindaki 6grenciler pi'nin anlamin1 anlamakta zorluk c¢ekiyorlardi. Ali
pi'nin ne oldugunu aciklamadi. Pi konusunu bir hafta once tartistiklarini soyledi.
Ali'nin davranisi igerik bilgisi eksikligi olarak degerlendirilse de grup tartigmasi
verileri onun pi'yi bildigini gosterdi. Grup tartismasinda bir siire pi hakkinda
konustular ve Ali de bu tartismaya katkida bulunarak ¢emberin ¢evresini 6gretirken
pi'nin ¢emberin ¢evresinin ¢apina orani oldugundan bahsettigini sdyledi. Ancak Efe
bunun bir oran oldugunu agikladi ve pi hakkinda daha fazla bilgi verdi. Her iki
Ogretmenin de pi hakkinda bilgisi olmasina ragmen sadece Efe pi'nin ne oldugunu
aciklamistir. Bulgular 6gretmenlerin alan bilgisinin sinin her zaman yiliksek MQI

puaniyla sonuglanmadigini gosterdi.

Efe'nin her iki dersinde de Ogretenin konusmasi dersi domine etmistir. Ali
ogrencilerle iletisim kurmak icin soru-cevap teknigini sik sik kullandi. Ancak Efe'nin
siifinda 6grencilerin derse katilimi az olmasina ragmen, 6grencilerden gelen fikirler
dersin matematiksel gelisimine daha fazla katki saglamistir. Ogrenciler Snemli
aciklamalarda bulundular. Ali'nin smnifinda 6grencilerin matematik dis1 konular
hakkinda konustugu, 6grencilerin aciklamalarinin kisa veya yanlis oldugu bir¢ok
durum vardi. Ayrica Ali’nin smnifindaki 6grenciler problemin igerigini diisiinmeden

verilen sayilarla islemler yapmislardir.

Ogretmen matematiksel igerigi tamittiginda gorevlerin bilissel diizeyleri yiiksekti.
Ancak ogretmenler Ogrencilere yiiksek diizey bilissel ¢aba gerektiren sorularda
aciklamalar yapmis, ve sorunun biligsel diizeyinin diismesine sebep olmusglardir.
Ayrica 0gretmenler biligsel diizeyi diisiik sorular ¢ozmiistiir. Grup tartismasinda Efe,
yeni bir konuyu tanitirken gercek hayattan bir baglam kullandigini sdyledi.

Baglamsal problemler kullanmanin matematigi anlamlandirmak i¢in Onemli
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oldugunu soyledi. Her iki O6gretmen de baglamsal bir problemle basladi. Ancak

asagida rutin sorular1 ¢ézdiiler.

Ali'nin alan bilgisi, dgrencilere 31r’=27 islemini basit bir baglamsal problemle
aciklamasina yardimci oldu. Cerilen esitlikte yarigapin degerini bulmakta zorlanan
bir 6grenciye “3 elmanin fiyatt 27 olduguna gore bir elmanin fiyati nedir?” diye
sormustur. Ogrenci yeni baglamsal soruyu dogru yanitladilar ¢iinkii basit baglamsal
problemlere 6nceki siiflardan aginaydi. Ancak cebirsel ifade onun i¢in yeniydi ve
cebirsel notasyonlarla islem yapmakta zorluk c¢ekiyordu. Hill ve arkadaslarinin
(2008) caligmasi, Matematigi Ogretme Bilgisi degeri yiiksek Ogretmenlerin

Ogrencilere firsat esitligi saglamak icin Ornekleri akillica segtiklerini gostermistir.
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