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Abstract: The aim of this study is to present reflections from a classroom environment that supports students' algebraic
reasoning. Using the action research method, the study was conducted with 25 students (12 girls and 13 boys) in the 8th
grade at a middle school in Trabzon. Within the scope of the study, the components of algebraic reasoning and the indicators
reflecting these components were first identified. Then, taking these indicators into consideration, a planning of
approximately 10 lesson hours was made and implemented for three objectives belonging to the algebra learning domain at
the 8th grade level. Data were collected and analyzed with the help of video recordings, students' written solutions and field
notes. The results of the study revealed that students (i) were generally successful in making connections and relationships
and using different representations, (ii) needed support in critical thinking and making inferences and had difficulties in
making individual decisions, and (iii) had the most problems in using symbols meaningfully and making sense of algebraic
ideas, thoughts and approaches. The basis of these difficulties was found to be the students' readiness about algebra.
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Oz: Bu caligmanimn amac1 6grencilerin cebirsel akil yiiriitmelerini destekleyen bir simif i¢i ortamdan yansimalar sunmaktir.
Eylem arastirmasi yonteminin kullanildigi ¢alisma Trabzon ilinde bir ortaokulda 8. Sinifta 6grenim goren olan 25 dgrenci (
12 kiz, 13 erkek) ile yiiriitiilmiigtiir. Calisma kapsaminda ilk olarak cebirsel akil yiiritme bilesenleri ve bu bilesenleri yansitan
gostergeler belirlenmistir. Ardindan bu gostergeler dikkate alinarak 8. sinif diizeyinde cebir 6grenme alanina ait ti¢ kazanima
doniik yaklagik 10 ders saatlik bir planlama yapilmig ve uygulanmistir. Veriler video kayitlari, 6grencilerin yazili ¢dztiimleri
ve alan notlar1 yardimiyla toplanmis ve analiz edilmistir. Arastirmadan elde edilen sonuglar; 6grencilerin (i)baglant1 ve iligki
kurma ile farkli gosterimleri kullanmada genel anlamda basarili oldugunu, (ii) elestirel diisiinme ve ¢ikarimda bulunmada
desteklenmeye ihtiyact oldugunu ve bireysel karar vermede zorlandiklarini, (iii) en fazla problemi ise sembolleri anlaml
kullanma ile cebirsel fikirleri, diisiinceleri, yaklagimlari anlamlandirmada yasadiklarini ortaya koymustur. Bu zorluklarin
temelinde ise dgrencilerin cebir ile ilgili hazir bulunusluklari oldugu tespit edilmistir.

Anahtar Kelimeler: Cebirsel akil yiiriitme, Sinif igi uygulama, Ortaokul dgrencileri, Dogrusal iligki ve denklemler

Tiirkge siirlim igin tiklayiniz

1. Introduction

Algebraic thinking, in the most general sense, can be defined as the ability to make sense of algebraic
concepts (variables, equations, equations, inequalities, inequalities, functions, etc.) and mathematical processes
(generalizing, representing, reasoning, and supporting) and use them appropriately (Celik, 2007; Blanton et al.,
2017). This thinking skill is not only a powerful tool in solving various problems, but also has special
importance in terms of reaching and formulating generalizations that are considered the heart of mathematics.
Algebraic reasoning, as a special aspect of this way of thinking, can be expressed as the ability of students to
make systematic and logical inferences on algebraic expressions and relationships through different
representations. In other words, while algebraic thinking refers to a broader conceptual framework, algebraic
reasoning is the application of this framework in a logical way.

Algebraic thinking and reasoning are among the basic skills targeted to be developed in mathematics
education reforms implemented in Turkiye and abroad in recent years. In international assessment exams such as
TIMSS, algebra is one of the areas in which students perform poorly in Turkiye as well as in many other
countries (Ministry of National Education [MoNE], 2020). This situation reveals the importance of reform
activities focused on developing algebraic thinking skills. In Turkiye, the Secondary School Mathematics
Curriculum (MoNE, 2018; 2024) sets the development of students' mathematical thinking and problem solving
skills, and their ability to make mathematical relationship and generalizations as a primary goal. Similarly, it is
also found in various curriculum sources that algebraic thinking should be a fundamental element of
mathematical education from an early age (National Council of Teachers of Mathematics [NCTM], 2020;
Ontario Ministry of Education [OME], 2013). However, the effective implementation of these goals stated in the
curricula in classroom practices requires teachers to adopt innovative and student-centered methods in their
pedagogical approaches.
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Reflections from a Learning Environment Supporting Algebraic Reasoning of Eighth Grade Students

This study was shaped by the first author, a middle school mathematics teacher in a public school, who
realized the need for more effective practices to support algebraic thinking in general and algebraic reasoning
more specifically in his classroom practices. In this context, the action research method was used to evaluate the
reflections of the intervention in the learning environment and to provide suggestions for improving classroom
practices. The study aims to share the experiences and findings obtained in this process by focusing on
classroom practices aimed at developing algebraic thinking and reasoning skills..

1.1. Algebraic Reasoning

In a general sense, reasoning can be defined as the process of reaching a conclusion by considering all the
components of an existing situation (Umay, 2003; Umay & Kaf, 2005). More specifically, mathematical
reasoning can be defined as making valid inferences on the basis of knowledge and evidence by determining the
relationship between numbers, expressions, quantities and shapes, and by relating different elements of
knowledge, related representations and processes (MoNE, 2005; MoNE 2013). In this context, mathematical
reasoning is a part of mathematical thinking (O'Daffer & Thornquist, 1993) and one of the most important
components of mathematical thinking, which involves drawing conclusions and making generalizations about
ideas and their relationships.

According to Umay (2003), mathematical reasoning can be named as algebraic, proportional, geometric and
statistical in terms of a specific content area. In the most general sense, algebraic reasoning refers to the ability to
make logical inferences from mathematical expressions and symbols, to understand relationships, and to reach
conclusions that lead to generalizations through these relationships. Algebraic reasoning is defined by Herbert
and Brown (1997) as expressing mathematical knowledge in words, diagrams, tables, graphs and symbols;
forming and testing hypotheses with this knowledge; analyzing and evaluating relationships. Kaput (1999)
defined algebraic reasoning as the ability to make generalizations and form hypotheses based on mathematical
operations and relationships. Ellis (2011) defines algebraic reasoning as the process of making generalizations,
expressing these generalizations mathematically and applying them to new situations. Based on these definitions,
it can be said that algebraic reasoning is an abstract process that involves understanding, interpreting, analyzing
and generalizing mathematical knowledge.

Kaput (1999) also mentions five different forms of algebraic reasoning. These can be expressed as (i)
generalization from patterns, (ii) meaningful use of symbols, (iii) studying structures in the number system, (iv)
working with functions, and (v) mathematical modeling process that will combine these four items. As a result
of the literature review based on this classification, the basic components of algebraic reasoning can be
summarized as follows.

Recognizing and Generalizing Patterns: Pattern recognition is the starting point of algebraic reasoning. Students
form general statements by analyzing the relationship between numbers, shapes or variables. Kaput (2008)
described this skill as the cornerstone of algebra learning.

Making sense of the different roles and uses of letter symbols: Central to algebraic reasoning is understanding
the meaning of letter symbols and their varying roles (unknown, variable, parameter, constant, etc.). Letter
symbols can have more than one role in a mathematical expression or relationship, and this is important for
representation, generalization, and problem solving. Knuth et al. (2005) stated that the comprehension of letter
symbols directly affects students' level of reasoning with mathematical symbols.

Making sense of and using multiple representations: The ability to express mathematical expressions in different
forms and to transition between these representations is an important indicator of algebraic thinking. Bagdat and
Anapa-Saban (2014) found that students' ability to interpret algebraic expressions in different forms such as
tables, graphs or verbal expressions strengthens their mathematical understanding. Algebraic reasoning involves
making logical transitions between multiple representations (tables, graphs, etc.) by making sense of the
meanings of symbols (Baghdad & Anapa-Saban, 2014).

Problem solving and working with functions: Algebraic reasoning plays a key role in analyzing the structure of
problems and generating solutions. Here, the student generates a solution to the problem by using symbolic
expressions or relationships appropriate to the problem context. One of the main indicators of algebraic
reasoning is that students identify functional relationships, analyze the current situation using these relationships
and offer solutions (Kaput, 1999; Van De Walle, Karp & Bay-Williams, 2014).

Critical thinking and faultfinding: Students' ability to make algebraic generalizations and to use a logical
framework to justify these generalizations is an indicator of algebraic reasoning. However, the accuracy and
validity of generalizations can be assured when they are critically examined. Students can avoid erroneous
assumptions by critically evaluating their generalizations (Ellis, 2011). The main rationale for this arrangement
was that critical thinking in mathematics supports students' ability to recognize errors and offer alternative
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solutions (Dede & Argilin, 2003; Stacey, 2006; Mason, Burton & Stacey, 2010) and that this thinking is a
fundamental tool in algebraic reasoning.

In conclusion, algebraic reasoning involves students' understanding of mathematical abstractions, their ability
to think with symbols, and their ability to use these skills effectively in problem solving. Developing these
components in students is critical in advancing their mathematical thinking skills. The components presented
here are important and necessary to identify the actions that should be taken in a learning environment that
supports algebraic reasoning.

1.2. Rationale and Importance of the Research

Algebraic reasoning is of critical importance not only in mathematics education but also in fields such as
physics, chemistry, engineering and economics. Because this skill allows individuals to analyze complex
systems and produce generalizable solutions in different contexts through abstraction (Kaput, 2008).

In the international literature on algebra learning, algebraic thinking and reasoning, studies on understanding
algebraic symbols (Capraro & Joffrion, 2006; Knuth et al., 2005), examining algebraic reasoning skills (Ellis,
2011), and ways teachers can create classrooms that support algebraic reasoning skills (Blanton & Kaput, 2005)
stand out. For example, Ellis (2011) stated that understanding functions and functional relationships is a critical
step in algebraic reasoning. Blanton and Kaput (2005) observed a significant improvement in students' algebraic
reasoning skills by integrating algebraic reasoning activities into lessons during their year-long study.

Among the studies conducted in Turkiye, examining algebraic reasoning skills (Bike-Kalkan, 2014; Kaya &
Kesan, 2017), evaluating the effects of different algebra teaching approaches (Kanbir, 2016) and eliminating
algebraic misconceptions (Erdem & Sarpkaya-Aktas, 2018) draw attention. Kaya and Kesan (2017) emphasized
that students are inadequate in algebraic reasoning, although algebra is a mental activity that is not limited to
mathematics courses but extends to all areas of life. Oz (2017) found that students generally adopt an algorithm-
based approach in algebra learning processes and that teachers offer limited opportunities to support students'
mathematical reasoning skills.

In light of these data, teaching processes and learning environments need to be restructured to specifically
support students' algebraic reasoning skills. It is important for teachers to adopt an approach to develop students'
understanding and mathematical thinking skills (Leitze & Kitt, 2000). However, in the literature, it is understood
that there is still a significant need for studies that examine the practices of algebraic reasoning and the
reflections of these practices in the classroom environment. In order to address this need in the literature, this
study aims to “design a learning environment that aims to support eighth grade students' algebraic reasoning
skills and present reflections from this environment. This kind of research can make important contributions to
the field of mathematics education both theoretically and practically. On the one hand, it can contribute to the
literature on the design of effective learning environments that support the development of algebraic reasoning.
On the other hand, it can guide the development and implementation of innovative teaching strategies for
teachers.

2. Method

This study aims to present reflections from a classroom environment that supports students' algebraic
reasoning. The study was conducted as action research to observe and evaluate how this learning environment
supports students' algebraic reasoning. Action research involves the systematic collection and analysis of data by
a practitioner himself/herself or together with a researcher in order to identify problems that arise during the
implementation process or to find a solution to an existing problem (Karasar, 2009). In this study, the first
author, based on his own teaching experiences, determined that the in-class learning-teaching activities were far
from the focus of basic mathematical skills targeted by the middle school mathematics curriculum and that this
was not a situation that occurred only in his own classrooms. This problem, which emerged in classroom
practices, led the researcher to face the question of “how can I bring thinking skills (specifically reasoning) to the
center of my lessons” and to search for a solution and to evaluate this solution. For this reason, the action
research method was adopted in the study, in which the implementation was evaluated with the participation of
practitioners and those at the center of the problem and measures were taken to improve the current situation.

2.1. Participants

The study was conducted with 25 (12 girls and 13 boys) 8th grade students in a middle school in Trabzon.
The relative intensity of algebra expectations at the eighth grade level compared to other grades was one of the
main reasons for conducting the study at this grade level. In addition, the first author was responsible for two
eighth-grade classes, one seventh-grade class, and one sixth-grade class. The aim of minimizing teacher-student
related factors in the pilot and main study was another factor in the selection of eighth grade classes. The two
eighth grades in the pilot study and the main study had similar characteristics in terms of both the physical
characteristics of the classroom environment and academic achievement in mathematics.
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2.2. Research Design and Process

The flow chart of the action plan of this study, in which the action research method was used, is given in
Figure 1. The study was conducted in three successive phases. These are: planning, action and data collection,
reflection.
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Figure 1. Flowchart of the research action plan

Planning: This is the phase in which decisions regarding the solution of the problem are taken after its
identification. First of all, the indicators of algebraic reasoning components were determined by taking into
account the characteristics of the relevant level of education. Then, lesson plans integrating these indicators were
developed and piloted in an eighth grade class consisting of 24 students (12 girls and 12 boys).

Action and Data Collection: This is the phase in which the implementation was carried out in the main group
according to the lesson plans organized after the pilot implementation. A total of 10 lesson hours of
implementation was carried out for three objectives related to algebra learning domain in the curriculum. The
implementations were carried out under the responsibility of the first author and all lessons were recorded by
video. In addition, the researcher took field notes in the classroom and immediately at the end of the lesson to be
used during the analysis of the video recordings.

Reflection: This is one of the most important phases of action research. At this phase, the effectiveness of the
lesson planned to support algebraic reasoning was evaluated in a systematic framework. Each application was
reflected on two main points: 'evaluating the students' achievement of the objectives of the course in terms of
algebraic reasoning indicators' and 'providing suggestions for the course to be more successful in achieving the
objectives'.

2.2.1. Formation of Algebraic Reasoning Indicators

In line with the main purpose of the study, algebraic reasoning indicators were formed with the support of the
literature in order to observe and evaluate students' algebraic reasoning skills. For this, the following three steps
were followed.
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Step One: In this step, a literature review was conducted on algebraic thinking and algebraic reasoning. The
definitions of algebraic reasoning, which is basically understood as a functional extension of algebraic thinking
skill within a logical framework, were examined, and then the components of algebraic reasoning presented
under the heading 1.1. Algebraic Reasoning

Step Two: In this step, the key concepts and/or processes belonging to the components of algebraic reasoning
identified in the previous step (understanding the meaning, structure and use of the concept of equality,
identifying functional relationships, using different representations, making connections between data, etc.) were
first identified. Then, taking into account the relevant level of education, draft indicators were developed under
these components.

Step Three: In this step, the components of algebraic reasoning and the indicators defining these components
were examined by an expert researcher. As a result of this review, the following adjustments were made. The
final version of the indicators in this study is shown in Table 1.

Table 1. Algebraic reasoning components and indicators

Components Indicators

CA: Making Sense of Algebraic CAl: Ask questions to eliminate disagreements and
Ideas, Thoughts, and Approaches misunderstandings.

BK: Making Connections and BK1: Makes assumptions about the relationships between data and
Relationships justifies, proves or refutes assumptions

BK2: Formulate and support generalizations using relationships
between data.

FG: Using Multiple Representations ~ FG1: Presents mathematical knowledge in words, tables, graphs and
symbolic representations
FG2: Establishes relationships between different representations and
transitions from one representation to another

SK: Using Symbols Meaningfully SK1: Express generalizations algebraically
SK2: Constructs and solves equation/equation system.
SK3: Knows the meanings and uses of symbols (operations such as
+, -, ;, X, = and letter symbols such as a, b, X, ...)

ED: Critical Thinking ED1: Compare, interpret and draw conclusions from representations
of different contexts.
ED2: Analyze their own mistakes

FC: Working with Functions FC1: Constructs functional relationships
FC2: Analyzes the current situation using functional relationships
and offers solutions.

1) In some cases, the component names are more inclusive. For example, the component “Recognizing and
Generalizing Patterns” has been reorganized as “Making Connections and Relationships” in order to include
situations where the context studied is not in the form of a pattern.

2) Some indicators that are considered to serve the same purpose under the components were combined. For
example, under the heading “Making Connections and Relationships”, the two indicators “Makes assumptions
about the relationships between data and provides examples that support or refute the assumption” and “ Verifies
and proves assumptions” were combined and organized as “Makes assumptions about the relationships between
data and justifies, proves or refutes assumptions”.

3) Important but implicit situations in terms of algebraic reasoning were brought to the forefront. For
example, the realization of algebraic reasoning in the form of analyzing algebraic expressions/relationships,
making logical inferences, and using symbols and operations effectively in problem solving processes requires
first making sense of the algebraic thinking/ideas/approaches in question. In this respect, a component called
“Making Sense of Algebraic Ideas, Thoughts, and Approaches” and an indicator related to this component was
added in the form of asking questions to eliminate situations that are not understood or misunderstood in the
given context.

2.2.2. Development of Lesson Plans

Various teaching resources (mathematics textbooks, Education Informatics Network [EBA], etc.) and
literature were used for the three objectives in the algebra learning domain in the eighth grade mathematics
curriculum. Algebraic indicators were integrated into the lesson plans in order to systematically guide students
towards algebraic reasoning. A total of five lesson plans were developed. Table 2 shows the lesson plans
developed based on the objectives in the curriculum, the algebraic reasoning indicators associated with these
lesson plans, and the implementation periods.
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Table 2. Expectations and related lesson plans

Expectations Lesson Plans Indicators Tlr_ne
(minutes)
CAl, BK1, BK2, FG1, 40+40=80
Construct and interpret tables, Linear Relations and Real Life-1 FG2, SK1, SK3, ED2, FC1, dk -
graphs and equations of real life FC2
situations involving linear CAl, BK1, BK2, FG1, 40+40=80
relationships Linear Relations and Real Life-2 FG2, SK1, SK3 ED1, ED2, -
dk
FC1, FC2
Solves systems of linear equations . . CAl, FG1, FG2, SK2, SK3, 40+40=80
. Systems of Linear Equations-3
in two unknowns ED2 dk
Relate the solutions of systems of ~ Systems of Linear Equations and CAL, FG1, FG2, SK2, SK3, 40+40=80
linear equations to the graphs of Graphs -4 ED1, ED2, FC1, FC2 dk
the lines corresponding to these Systems of Linear Equations and CA1, FG1, FG2, SK2, SK3, 40+40=80
equations Graphs -5 ED1, ED2, FC1,FC2 dk

In the process of developing the lesson plans, first, a draft lesson plan was developed by considering the
objectives and algebraic indicators together. Then, the draft plans were evaluated in line with the opinions of an
expert mathematics educator who teaches reasoning skills at the graduate level. These evaluations were based on
three main criteria: (i) compliance with the learning objectives, (ii) support for the targeted algebraic indicators,
and (iii) appropriateness to the grade level and teaching principles. For each lesson plan, approximately 30-
minute interviews were conducted with the relevant expert and these interviews were recorded with a voice
recorder. After the interview recordings were analyzed by two researchers, necessary corrections were made to
the lesson plans. Finally, the revised lesson plans were piloted in an eighth grade class of 24 students and
finalized before the actual implementation.

2.3. Data Collection Tools

Data collection methods in action research may vary according to the research questions, research situation and
the competences of the researcher (Kuzu, 2009). It is also stated that more than one data collection method can
be used in action research in order to obtain various data that support each other. In this study, video recordings
of classroom practices and field notes were used as data collection tools.

Video Recordings: Journals, field notes, video recordings can be used in action research in terms of providing a
valid and diverse point of view. In particular, video recordings allow the research process to be repeatedly
watched and better analysed, enabling researchers to make accurate reflections on the learning environment
(Sherin, Linsenmeier & van Es, 2009). During the actual implementation, a camera was used to record the
general classroom environment and a handheld camera was used to record what the students did in their
notebooks and their dialogs with the teacher. Approximately 80x5=400 minutes were recorded during the actual
implementation with the camera recording the overall lesson flow. Together with the handheld camera, a total of
over 500 minutes of video was recorded.

Field Notes: In qualitative research methods, field notes are one of the most frequently used data collection tools
for rich description and elaboration. In this study, the field notes taken during and immediately after the lesson in
the actual implementation were guiding both to provide evidence of the course's support for algebraic reasoning
skills and to identify focal points while analyzing the video recordings.

2.4. Data Analysis

The video recording and the field notes taken by the researcher were analyzed qualitatively in a holistic manner.
The main reference for this analysis process was the algebraic reasoning components/indicators. In the analysis
process, the researchers search for evidence for the following two conditions: (i) how the learning environment
supports/ inhibits students in terms of the algebraic reasoning indicators it targets, and (ii) how the learning
environment can be made more effective in terms of achieving its goals. Excerpts from classroom dialogues and
field notes were used to describe this evidence.

2.5. Research Ethics

All participants provided informed consent prior to their involvement in the study. They all were informed
about the aim of the study and their right to withdraw at any time without consequence. Since the data were
collected before 2020, no additional ethical approvement was required.
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3. Findings

The findings obtained from the in-class applications of the developed learning environment are presented by
considering the algebra reasoning components.

3.1. Making Sense of Algebraic Ideas, Thoughts, and Approaches

Making sense of algebraic thoughts, ideas and approaches is essentially an action that takes place in the
student's mind, and in this process, students are expected to ask questions to eliminate situations that are not
understood or misunderstood. Another way to contribute to the process of making sense is for the teacher to
support students' questioning about what is going on with key questions. This perspective was reflected in all
lesson plans and an effort was made to create an environment that would enable students to express and examine
both their own ideas/solutions and those of their peers. In this environment, students were frequently asked
"why, for what purpose” questions.

In the development part of the lesson, which is taught according to the Linear Relations and Real Life-1
lesson plan, students are asked to formulate the change of the volume of water poured into a container according
to time. Initially there is 100 ml of water in the container and 50 ml of water flows into the container every
second. In order to draw students' attention to the problem and help them understand the problem situation, the
problem situation was read aloud to a student from the class and a very short animation was shown in the
context. Students were asked to fill in the table given in Figure-2 to help them understand how the volume of
water in the container changes over time.

Figure 2. Time-volume table hung on the board

The following dialog took place between the teacher and the class to see the students' understanding of the
contextual table representation.

Teacher: What does the zero-second in the table mean here?
Ceyda : The beginning.

Teacher: How much water was there at the beginning?
Ceyda : 100 ml.

Teacher: How much water was there in the first second?
Fatih : 150 ml.

Teacher: How much water comes in one second?

Fatih :50 ml.

While the students were filling in the table, the teacher noticed that some students focused on the height of
the water instead of the volume. The teacher then directed the students to establish the relationship between
height and volume.

Teacher: Is there a relationship between time and the height of the water in the container?

Students: Yes.

Teacher: How is there a relationship?

Esra: If the volume increases, the height also increases.

Teacher: So as time increases, both the volume and the height of the water increase?

Students: Yes.

Teacher: What can we say if we pay attention to the relationship between time and volume? | mean, can | think of
the relationship depending on the amount of water in the beginning?

Gamze: In the first second, it is 100 plus 50.

Teacher: How much water accumulates at the end of the second second?

Selin: 150 plus 50.

Teacher: You can say that, but what if the logic is similar to what happened in the first second? Or what if you
think of it in such a way that the amount of water at the beginning remains constant?

Selin: Then it would be 100 plus 100.

Teacher: Can we add what comes in each second separately?
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Selin: Yes. That would be 100 plus 50 plus 50.

Teacher: How about the third second?

Fatih: 100 plus 50 plus 50 plus 50 plus 50.

Teacher: What happens in the fourth second?

Ferhat: 100 horses plus 50 plus 50 plus 50 plus 50.

Teacher: How can you express it differently here by showing (100+50+50)?
Ceyda: As 100 + 2.50.

At the beginning of this dialog, the teacher aimed for the students to associate the change in height with the
change in the volume of water. However, this dialog was weak in terms of contributing to the understanding of
the relationship between height and volume of water by the whole class or by students who focused on height
instead of volume in the problem. On the other hand, the emphasis on 50 ml of water added to the container
every second contributed to the students' understanding of how one of the variables changed relative to the other.
As evidence of this, the table in Figure-3 and the following dialog that the students filled in at the board can be
presented.

Teacher: What is the relationship between the time column and the relationship column?

Esra: When | multiply the amount of increase by the time, we find what is added to 100.

Beyza: When we break down the volumes, how many 50s there are, that many seconds have passed.

Teacher: Then can we express it like this? We take the amount of water in the container at the beginning, 100 ml, as
a constant and add 50 to it as many seconds pass.

Figure 3. The table on the board filled in by the students

Regarding the process of making sense of algebraic thoughts, ideas and approaches, the teacher generally
provided opportunities such as helping students understand what is given in the problem by reading the problems
aloud, encouraging students to ask questions, and prompting them to think about the nature of the relationship
with leading questions. However, it was observed that students were insufficient in communicating, which is one
of the main developmental elements of the indicator related to this component. In addition, the lesson analysis
reveals that the teacher should leave more space for students to wrap up class discussions.

3.2. Making Connections and Relationships

Linear Relations and Real Life-1 and Linear Relations and Real Life-2 courses focus on formulating
assumptions about relationships between data, testing assumptions and formulating generalizations. These
applications, which require students to make inferences about numerical data, the relationships between them
and formulate functional relationships based on them, are very important in terms of supporting algebraic
reasoning.

In both lesson plans, the process is generally planned as follows: creating a table containing the variables that
are the subject of the context in the problems given to the students (in other words, obtaining numerical data),
observing the change of the variables in the table relative to each other, making inferences that reveal the nature
of the change, conducting a class discussion to verify/falsify these inferences, and formulating the relationship
between the data in the last step. In the teacher-student dialogues that took place during the lesson, an example of
which is given below, the teacher made an effort to provide guidance to help students perform these actions
expressed in the making connections and relationships component.

In the processing part of the Linear Relations and Real Life-1 lesson plan, the teacher asked the students how
much water would be found at the end of the 9th and 16th seconds in a container that initially contained 100 ml
of water and started to be filled with water again. The dialog between the teacher and students in the classroom
in the context of this question is below.

Teacher: First of all, how much water is in the container at 9 seconds?
Selin: 450.
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Teacher: How did you find it?

Selin: | found it by doing 50+50+50+... for every second.

Teacher: Isn't there a shortcut?

Selin: Since 50 ml of water flows every second, | can find it by multiplying 9 by 50.

Engin: But there was already 100 ml of water at the beginning. | can add 100 and get 550.

Teacher: Yes, good, let's think about the 16th second.

Fatih: 100 ml was already there. | proceeded by adding 50, 50, 50... That's 900.

Teacher: For example, if | asked you about the 40th second or the 100th second, would you proceed by adding
again?

Fatih: 1 would do that again.

Engin: There is 7 seconds difference between 16th second and 9th second. In 7 seconds, 350 ml of water flows
from 7.50. | added this to 450 and added 100 ml of water at the beginning. 900 ml of water.

Emre: 800 ml of water flows from 16.50 in 16 seconds. Since there is 100 ml of water at the beginning, there is a
total of 900 ml of water.

While answering the teacher's question, the students mainly used arithmetic approaches in the first stage.
However, when their solution proposals were examined carefully, some of them offered solutions based on
arithmetic operations (consecutive sums as adding 50 until the 9th second) by focusing only on the amount of
water increase, while others carried out arithmetic operations with an emphasis on volume depending on the time
variable (9.50 water flowed until the 9th second). This dialogue is an indication of the teacher's effort to both
relate the time and volume variables in a concrete way and to reveal the need to obtain a general formula.
However, the emphasis on the second part was not very strong. In the rest of this lesson, Selin, Engin and Emre,
who were mentioned in the dialog, were successful in formulating the relationship between time and volume.

In general, in both lessons, students were able to formulate generalizations subject to the problem context. In
this process, the teacher did not directly ask the students to formulate the relationship between the variables, but
instead asked them to focus on how the variables change with respect to each other, to come up with ideas about
change, to support these ideas, and gave them enough time to do all these. All this helped students overcome the
difficulties with the connection and relationship building component.

3.3. Using Multiple Representations

This component includes indicators that require students to represent their mathematical knowledge in
different representations and to make transitions from one representation to another. These indicators help
students express and concretize their algebraic ideas. The indicators belonging to this component were included
in all lesson plans; in other words, students were encouraged and supported to perform these actions.

In the first two lesson plans, context, table and algebraic representation and the transitions between them
were emphasized, while in the other three lesson plans, table, graph and algebraic representation and the
transitions between them were emphasized.

In the problem in the introduction part of the Linear Relations and Real Life-1 lesson plan, students are
expected to find the values of y=2x-1 depending on the x values given in the table and express them in ordered
pairs as (X,y). Many students were able to fill in the table correctly. For the students who had difficulty in filling
in the table, the relationship between y and x was emphasized again. After completing the table, students were
asked what the symbolic representation (x,y) means and what it expresses. Here, it was aimed to direct them to
the idea that these ordered pairs represent a point in the coordinate system and to make a transition to the line
graph. The students said that these pairs are points in the coordinate system. At this point, students were asked to
connect the (x,y) ordered pairs they found by marking them on the coordinate system on their worksheets. The
image of Esra’'s worksheet, who created the line graph appropriately, is given in Figure 4. Most of the students in
the class were able to draw the line graph in a similar way. Referring to ordered pairs in the transition from the
table to the graph not only made it easier for the students, but also helped them understand the idea that the graph
is actually made up of these points.
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Figure 4. The graph Esra created in her notebook

As the lesson continued, the teacher asked the students some questions about the line they had drawn. The
following dialog reflects these questions and the answers given by the students.

Teacher: How many points did you find while forming this line?

Beyza: Five points.

Teacher: 1 wonder how many points would be enough to form the line? Why is that?

Ceyda: Three points are enough. It would be enough if we found the beginning, the middle and the end.

Gamze: It is enough if we find two.

Esra: It is enough if we find the first one and the last one.

Teacher: Okay, let me ask you something. Does it only have to be the first and the last one? Can't two random
points be given?

Beyza: It would be enough.

This dialog gave the teacher a good opportunity to help the students construct a rationale for the idea that a
line can be precisely determined by two points on it.

Regarding the use of different representations, students initially struggled at some points, but the frequent
emphasis on different representations throughout the application, the adequate time given to students to perform
the targeted actions, and the correct guidance helped them overcome their initial difficulties.

3.4. Using Symbols Meaningfully

The using symbols meaningfully component includes indicators such as expressing the generalizations
reached by the students correctly algebraically using appropriate symbols, solving equations and systems of
equations. All lesson plans included examples or activities to support meaningful use of symbols.

The analysis of the using symbols meaningfully component revealed that students generally had difficulty in
performing the actions related to this component. In an example in the transition/development part of the lesson
in the Systems of Linear Equations-3, it was stated that Yusuf, who collected only 5 and 10 lira banknotes in his
piggy bank, had a total of 30 banknotes and 210 liras, and the number of 5 and 10 lira banknotes in the piggy
bank was asked. Students had great difficulty in forming the appropriate equation for this problem. Below is the
dialog between the teacher and his student Salih about this problem.

Teacher: If there are x number of 5 TL, how many TL is the total?
Salih: ........ ?

Teacher: If there are 3 5 TL, how many TL is the total?

Salih: 15 TL

Teacher: What did you do to find it?

Salih: I hit it.

Teacher: You will think the same way. He says there are x.

Salih: It will be 5x.

Teacher: In the same way, if you think about 10 TL banknotes.
Salih: 10y. The total amount will be 5x+10y=210.

105



D. Adwyaman & D. Celik

The teacher supported the student to make correct inferences by sampling a situation that was familiar to the
student. At this stage, some students tried to provide a solution to the problem by reducing the number of
unknowns (such as taking 30-x instead of y). Figure 5 shows a section from the notebooks of the students who
presented solutions in this way.
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Figure 5. Sample solutions from student notebooks

Some students tried to solve the problem using the elimination method. In the case of another problem in the
same lesson, students were able to find the solution easily when they added the equations in the system of
equations they obtained side by side without any intervention. In this problem, one of the equations
(5x+10y=210 or x+y=30) must be multiplied by a negative number in order to apply the elimination method.
The dialog starting with Beyza's question regarding this situation is below.

Beyza : In our equation in the previous problem, we had x+y=175 and x-y=105. When they were added side by
side, 2x remained and y disappeared as an unknown. The disappearance was because their sum was 0. But when |
add or subtract the equations of this problem, none of them disappear.

Teacher : If your equations are not ready for one of the unknowns to disappear, how do you proceed to make them
ready?

Esra : | multiply by minus.

Teacher : If you just multiply one of the equations by minus and add, you will get new equations with two variables
(demonstrated on the board).

Esra : | multiply y by -10 in the equation x+y=30.

Teacher : If you only change y, won't this affect the equality of the equation?

Gamze : | think we multiply the whole equation x+y=30 by -5.

Teacher : It can be possible. When deciding what to multiply by, you think about which unknown you want to
eliminate. In which case does the x in the equation x+y=30 disappear when added with the x in the equation
5x+10y=210? Or in which case does y in the equation x+y=30 disappear when added to y in the equation
5x+10y=2107?

Ahmet : Can we divide the second equation by -5 instead of expanding the first equation?

Here, the teacher made an instructional explanation with a direct procedural emphasis, stating that any
arrangement that would make the coefficient of one of the unknowns in two equations the opposite sign of each
other would be appropriate. Figure 6 shows some of the student answers that reach the solution by the method of
elimination by forming the equations in the system correctly.
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Figure 6. Student answers reaching the solution with the elimination method
When the application is considered as a whole, students often refer to rote procedures rather than logical

inferences in their decision-making processes when using symbols. Here, rote procedures seem to be the
mechanism that is effective in deciding the interventions they will make in the process of solving the system of
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equations. They had difficulty in making sense of the problems, translating data into algebraic expressions and
developing solution strategies.

3.5. Critical Thinking and Working with Functions

The critical thinking component was inherently included in all lesson plans and practices. Although the
indicators related to the component of working with functions are directly related to the first two lesson plans,
they are also used in graphical solutions of linear equation systems.

In the Linear Relations and Real Life-2, students were given a problem situation in which a newly married
couple wanted to have wedding invitations made, received prices from different printing houses and had to
determine which of the two available options was more profitable. In the solution process of this problem, the
teacher utilized table and graphic representations to support students in forming functional relationships
corresponding to both situations and comparing these options. During the solution process of the problem,
different students gave different answers. The following is one of the dialogues between the teacher and the
class.

Teacher: How much do you pay for 150 invitations at Deger Printing House?

Engin : Double 150. We pay 300 liras from 2.

Teacher: If you buy from Saygi Printing, how much do you pay for 150 invitations?

Salih : We will give 200 at the beginning. If | pay 150 liras for 150 invitations, we will pay 350 liras in total.
Teacher: If they have 150 invitations made, which invitation agency would be more profitable for this couple?
Okan : It will be more profitable if they have them made by Deger Printing House. They will keep 50 liras in their
pockets.

Teacher: How much are your payment amounts in Deger Printing House and Saygi Printing for 250 invitations?
Esra : 250 for Deger printing house. 2 to 500 liras.

Beyza : For 250 invitations at Saygi Printing, it is 450 liras from 200+250.

Teacher: Which one is more profitable to prefer?

Dogan : Here, too, it is more profitable to choose Sayg1 Printing.

Teacher: Is there a profitable option in every case?

Salih : There is no such option.

Teacher: Why is this so? Will there be a situation where the same amount of money is paid for the same number of
invitations in both options?

Esra : There will be.

Teacher: If there is such a situation, how will it happen? Can you compare before and after this situation?

In the dialog above, the teacher encourages the students to compare the offers of both printing houses for
different values, pointing out a critical point (the number of invitations to be paid equally for both printing
houses) so that they can make the right inference. In the context of this problem, although table representation
(See Figure 7) were created together with the students to support students to express the relevant functional
relationships symbolically, students had great difficulty in answering the question "how much will be paid for x
invitations in both options".

Davetiye Sayisi (x) Odenecek Para | iliski
Miktan (y)

0 200 200

1 201 200+1.1

2 202 200+1.2

3 203 200+1.3
25 225 200+1.25
50 250 200+1.50
100 300 200+1.100

Figure 7. Table showing the fee to be paid to the Saygi printing house

To make a general assessment of these components; students can make comparisons about the current
situation with appropriate questions and support, and need support in making interpretations and inferences.
Although tables and graphical representations support students in forming functional relationships, students have
difficulty in expressing and using the functional relationship in symbolic form.
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4. Discussion, Conclusion and Recommendations

The focus of this study is to present reflections from an environment developed to support students' algebraic
reasoning. Accordingly, an action plan was developed and implemented in a real classroom setting. The main
conclusion of the study is that the learning environment supports students' algebraic reasoning skills in general.

Making sense of algebraic ideas, thoughts and approaches has been one of the components considered
throughout all applications. The act of making sense is important both as a starting point and as a continuous
support for an ongoing process. Students' ideas about algebra stem from their past experiences in arithmetic
(Kieran, 1992; Herscovics & Linchevski, 1994; Sfard, 1995). As an expected consequence of this situation, the
findings of this study reveal that students have difficulty in making sense of algebraic ideas. The analyses
revealed that students had difficulty in establishing effective communication that would facilitate making sense
of algebraic ideas during in-class applications. It was determined that students' tendency not to engage in
guestion-answer interactions with the teacher and/or other students to support their making sense processes
negatively affected their performance in both this component and other components of algebraic reasoning. On
the contrary, Yayla, Memduhoglu, and Saylik (2017) stated that academic achievement increases in classrooms
where students ask more questions and receive answers to these questions

Reaching generalizations and formulating and verifying them are among the most important functions of
mathematics. On the other hand, research has shown that students have difficulty in generalization processes. In
this study, formulating generalizations was a skill emphasized in terms of algebraic reasoning. Analyzing the
relationships between the variables subject to the generalization through different representations (especially
tabular and verbal) facilitated the process of formulating the generalization. In this process, students were
supported in putting forward ideas and presenting evidence to support or refute them.

Algebraic reasoning requires the meaningful use of different representations such as mathematical symbols,
tables, graphs and equations (Herbert & Brown, 1997). However, studies show that students have difficulties in
using these representations effectively, cannot associate symbols with a mental idea, and have trouble adapting
generalizations to similar situations (Capraro & Joffrion, 2006). Throughout the interventions, different
representations were frequently emphasized and students were engaged in situations requiring transitions
between representations. The positive reflections of this situation were noticed more clearly in the later stages of
the implementation. This reaffirms the importance of the learning environment and the teacher's providing
students with such opportunities.

The study reveals that students have the most difficulty in the actions related to the component of using
symbols meaningfully. The study shows that students have difficulty in associating symbols with a mental
meaning, as well as in using them to formulate equations, generalizations or functional relationships. Capraro
and Joffrion (2006) noted that even in the seventh and eighth grades, many students are not adequately prepared
for the transition to algebraic expressions and relationships. In a way, they drew attention to the inherent
difficulty in using symbols and thinking in terms of symbols. When students' lack of previous experience in
using symbols in a meaningful way is added to this, which was clearly observed in this study, the application
process becomes more difficult. This shows that this problem cannot be overcome by interventions at a certain
grade level, no matter how well planned, and that students should be consciously supported in terms of algebraic
thinking from preschool onwards.

Critical thinking skills play a fundamental role in the development of algebraic reasoning. Research shows
that critical thinking supports students to question, analyze and generalize mathematical concepts (Baykul,
2009). However, the results of the study show that students need more encouragement and guidance in this
process. Raising students in a structure that questions and criticizes throughout their entire education life will
also support algebraic reasoning processes.

Teachers cannot develop students' algebraic thinking and reasoning skills by simply engaging them in
stereotypical tasks. Instead, as exemplified in this study, they should design and implement learning
environments that are connected to real life, have clear objectives (here algebraic reasoning
components/indicators provided this), and focus on the student.
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Sekizinci Simf Ogrencilerinin Cebirsel Akil Yiiriitmelerini Destekleyen Bir Ogrenme
Ortamindan Yansimalar

1. Giris

Cebirsel diisiinme, en genel anlamda, cebirsel kavramlart (degisken, esitlik, denklem, esitsizlik, fonksiyon
vb.) ve matematiksel siiregleri (genelleme, temsil etme, akil yiiriitme ve destekleme) anlamlandirma ve uygun bir
sekilde kullanma becerisi olarak tanimlanabilir (Celik, 2007; Blanton vd., 2017). Bu diisiinme becerisi, yalnizca
cesitli problemlerin ¢oziimiinde giiclii bir ara¢ degil ayn1 zamanda matematigi kalbi sayilan genellemelere
ulasma ve formiile etme agisindan 6zel 6neme sahiptir. Cebirsel akil yiiriitme ise, bu diisiinme bi¢iminin 6zel bir
yoni olarak, Ogrencilerin cebirsel ifadeler ve iliskiler {izerinde farkli temsiller araciliiyla sistematik ve
mantiksal ¢cikarimlar yapma becerisi olarak ifade edilebilir. Bir bagka ifade ile cebirsel diisiinme daha genis bir
kavramsal ¢erceveyi ifade ederken, cebirsel akil yiiriitme bu ¢ergevenin mantiksal bir yolla uygulamasidir.

Son yillarda yurt i¢i ve yurt disinda uygulamaya konan matematik egitimi reformlarinda, cebirsel diigiinme
ve akil yiiriitme, gelistirilmesi hedeflenen temel beceriler arasinda yer almaktadir. TIMSS gibi genis katilimh
uluslararasi nitelikte degerlendirme sinavlarinda Tiirkiye o6zelinde oldugu kadar bir¢ok iilke icinde cebir
ogrencilerin zayif performans gosterdigi alanlardan biridir (Milli Egitimi Bakanligi [MEB], 2020). Bu durum
cebirsel diisiinme becerilerini gelistirme odakli reform faaliyetlerinin 6nemini ortaya koymaktadir. Tiirkiye’de
Ortaokul Matematik Dersi Ogretim Programi (MEB, 2018; 2024), dgrencilerin matematiksel diisiinme ve
problem ¢6zme becerilerini gelistirmeyi, matematiksel iligkilendirme ve genelleme yapabilmelerini dncelikli bir
hedef olarak belirlemigtir. Benzer sekilde, cebirsel diisiinmenin erken yaslardan itibaren matematiksel egitimin
temel bir unsuru olmasi gerektigini (National Council of Teachers of Mathematics [NCTM], 2020; Ontario
Ministry of Education [OME], 2013) cesitli program kaynaklarinda da yer bulmaktadir. Ancak, &gretim
programlarinda belirtilen bu hedeflerin, smif i¢i uygulamalarda etkin bir sekilde hayata gegirilmesi,
Ogretmenlerin  pedagojik yaklagimlarinda yenilik¢i ve Ogrenci merkezli yontemler benimsemelerini
gerektirmektedir.

Bu ¢alisma, bir devlet okulunda ortaokul matematik 6gretmeni olarak gérev yapmakta olan ilk yazarin kendi
smif i¢i uygulamalarinda genel anlamda cebirsel diisiinme daha spesifik olarak cebirsel akil yiiriitme becerilerini
desteklemek igin daha etkili uygulamalara ihtiyag duydugunu fark etmesiyle sekillenmistir. Bu baglamda, eylem
aragtirmasi yontemiyle, 6grenme ortaminda yapilan miidahalenin yansimalarini degerlendirmek ve smf igi
uygulamalari geligtirmeye doniik oneriler sunmak hedeflenmistir. Calisma, cebirsel diisinme ve akil yiiriitme
becerilerini gelistirmeyi amaglayan sinif i¢i uygulamalar iizerine odaklanarak bu siirecte elde edilen deneyim ve
bulgular1 paylasmay1 amaglamaktadir.

1.1. Cebirsel Akil Yiiriitme

Akil yiiriitme genel anlamda; mevcut bir duruma iliskin tiim bilesenleri dikkate alarak bir sonuca ulagma
stireci olarak tanimlanabilir (Umay, 2003; Umay & Kaf, 2005). Daha spesifik olarak matematiksel akil yiiriitme
sayilar, ifadeler, nicelikler ve sekiller arasindaki iligkiyi belirleyerek, bilginin farkli 6gelerini, ilgili temsilleri ve
stireclerini iligkilendirerek bilgi ve kanit temelinde gegerli ¢ikarimlarda bulunma olarak tanimlanabilir (MEB,
2005; MEB 2013). Bu baglamda matematiksel akil yiiriitme, fikirler ve bunlarin iligkileri hakkinda sonuglar
¢ikarilip genellemelerin yapilmasini igeren matematiksel diisiinmenin bir pargasi (O'Daffer & Thornquist, 1993)
ve en 6nemli bilesenlerinden biridir.

Umay’a (2003) gore matematiksel akil yiiriitme belli bir igerik alani 6zelliginde cebirsel, orantisal, geometrik
ve istatistiksel olarak adlandirilabilir. En genel anlamda cebirsel akil yiiriitme matematiksel ifadeler ve semboller
iizerinde mantiksal ¢ikarimlar yapma, iliskileri anlama ve bu iliskiler iizerinden genellemelere ulastiracak
sonuglara varma becerilerini ifade etmektedir. Cebirsel akil yiiriitme, Herbert ve Brown (1997) tarafindan
matematiksel bilgiyi sozciikler, semalar, tablolar, grafikler ve sembollerle ifade etme; bu bilgilerle hipotezler
olusturma ve test etme; iliskileri tespit ederek analiz etme ve degerlendirme olarak tanimlanmistir. Kaput (1999)
cebirsel akil yiiriitmeyi matematiksel islemler ve iliskiler temel alinarak genellemeler yapma ve hipotezler
olugturma becerisi olarak ifade etmistir. Ellis (2011) ise cebirsel akil yiiriitme ise genellemeler yapma, bu
genellemeleri matematiksel olarak ifade etme ve yeni durumlara uygulama siireci olarak tanimlanmaktadir Bu
tanimlardan hareketle, cebirsel akil yiiriitmenin matematiksel bilgiyi anlamlandirma, yorumlama, analiz etme ve
genelleme yapmay1 igeren soyut bir siire¢ oldugu sdylenebilir.

Kaput’da (1999) cebirsel akil yiiriitmenin bes farkli biciminden bahsetmektedir. Bunlar; (i) oriintiilerden
genelleme, (ii) sembollerin anlamli kullanimi, (iii) say: sistemindeki yapilarin c¢alisilmasi, (iv) fonksiyonlarla
calisilmasit ve (v) bu dort maddeyi birlestirecek matematiksel modelleme siireci olarak ifade edilebilir. Bu
smiflandirma referans alinarak yapilan literatiir taramasi sonucunda cebirsel akil yiiriitmenin temel bilesenleri
asagidaki sekilde 6zetlenebilir.
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Oriintiileri Tamma ve Genelleme: Oriintii tanima, cebirsel akil yiiriitmenin baslangic noktasidir. Ogrenciler
sayilar, sekiller veya degiskenler arasindaki iligkiyi analiz ederek genel ifadeler olustururlar. Kaput (2008) bu
beceriyi cebir 6greniminin temel tagt olarak nitelendirmistir.

Harfli sembollerin farklilasan rolleri ve kullanimini anlamlandirma: Cebirsel akil yiiriitmenin merkezinde, harfli
sembolleri ve degisen rollerinin (bilinmeyen, degisken, parametre, sabit vb.) anlamini kavrayabilmek yer alir.
Harfli semboller matematiksel bir ifade veya iliskide birden fazla role sahip olabilir ve bu durum temsiliyet,
genelleme yapma ve problem ¢6zme siireglerinde dnemlidir. Knuth vd. (2005), harfli sembollerin kavranisinin,
ogrencilerin matematiksel sembollerle akil yiiriitebilme diizeyini dogrudan etkiledigini belirtmistir.

Coklu temsilleri anlamlandirma ve kullanma: Matematiksel ifadeleri farkli bi¢imlerde ifade etme ve bu temsiller
arasinda gegis yapabilme becerisi, cebirsel diistincenin 6nemli bir gostergesidir. Bagdat ve Anapa-Saban (2014),
ogrencilerin cebirsel ifadeleri tablo, grafik veya sozlii anlatim gibi farkli bicimlerde yorumlayabilme
becerilerinin, onlarin matematiksel anlayigini giiclendirdigini ortaya koymustur. Cebirsel akil yiiriitme
ogrencilerin sembollerin sahip olduklar1 anlamlar1 anlamlandirarak ¢oklu temsiller (tablo, grafik vb.) arasinda
mantiksal gecis yapmayi igerir (Bagdat & Anapa-Saban, 2014).

Problem ¢ézme ve fonksiyonlarla ¢aligma: Cebirsel akil yiirlitme problemlerin yapisini analiz ederek ¢6ziim
tiretme noktasinda kilit role sahiptir. Burada 6grenci problem baglamina uygun sembolik ifade veya iliskileri
kullanarak probleme ¢dziim iiretir. Ogrencilerin fonksiyonel iliskileri tanimlamasi, bu iliskileri kullanarak
mevcut durumu analiz etme ve ¢dziim sunmalar cebirsel akil yiiriitmenin temel gostergelerinden biridir (Kaput,
1999; Van De Walle, Karp & Bay-Williams, 2013).

Elestirilen diisiinme ve hata ayiklama: Ogrencilerin cebirsel genellemeler yapabilmesi ve bu genellemeleri
dogrulamak i¢in mantiksal bir ¢erceve kullanabilmesi de cebirsel akil yiirlitmenin bir gostergesidir. Ancak
genellemelerin dogrulugu ve gegerliligi, elestirel bir bakis acisiyla incelendiginde giivence altina alinabilir.
Ogrenciler, yaptiklar1 genellemeleri elestirel bir sekilde degerlendirerek hatali varsayimlardan kaginabilir (Ellis,
2011). Matematikte elestirel diisiinmenin &grencilerin hatalar1 fark etme ve alternatif ¢éziim yollarini sunma
becerilerini destekledigi (Dede & Argiin, 2003; Stacey, 2006; Mason, Burton & Stacey, 2010) ve bu diisiinmenin
cebirsel akil yiiriitmede temel bir ara¢ olmasi bu diizenlemenin temel gerekgesi olmustur.

Sonug itibari ile cebirsel akil yiiriitme, 6grencilerin matematiksel soyutlamalari anlamalari, sembollerle
diistinme becerilerini gelistirmeleri ve bu becerileri problem ¢dzme siirecinde etkin bir sekilde kullanmalarini
igerir. Bu gostergelerin 6grencilerde gelistirilmesi, onlarin matematiksel diisiinme becerilerini ileri diizeylere
tagimada kritik 6neme sahiptir. Burada ortaya konan bilesenler cebirsel akil yiiriitmeyi destekleyen bir 6grenme
ortaminda bagvurulmasi gereken eylemleri tespit etmek agisindan 6nemli ve gereklidir.

1.2. Arastirmanin Gerekge ve Onemi

Cebirsel akil yiiriitme yalnizca matematik egitiminde degil, fizik, kimya gibi olgusal bilimlerde, miihendislik
ve ekonomi gibi alanlarda da kritik bir 6neme sahiptir. Ciink{i bu beceri, bireylerin karmasik sistemleri analiz
etmelerine, soyutlama yaparak farkli baglamlarda genellenebilir ¢oziimler {iretmelerine olanak tanir (Kaput,
2008).

Uluslararas literatiirde cebir 6grenimi, cebirsel diisiinme ve akil yiiriitme iizerine yapilan ¢aligmalar arasinda
cebirsel sembollerin anlasilmasi (Capraro & Joffrion, 2006; Knuth vd., 2005), cebirsel akil yiiriitme becerilerinin
incelenmesi (Ellis, 2011) ve 6gretmenlerin cebirsel akil yiiriitme becerilerini destekleyen siniflar olusturma
yollar1 (Blanton & Kaput, 2005) 6ne cikmaktadir. Ornegin, Ellis (2011) c¢aligmasinda, fonksiyonlarmn ve
fonksiyonel iliskilerin anlagilmasinin cebirsel akil yiirlitmenin kritik bir adimi oldugunu belirtmistir. Blanton ve
Kaput (2005) ise bir y1l siiren ¢aligmalar1 boyunca derslere cebirsel akil yiirlitme etkinliklerini entegre ederek
ogrencilerin bu becerilerinde belirgin bir ilerleme saglandigini gdzlemlemistir.

Tiirkiye'de yapilan ¢aligmalar arasinda cebirsel akil yiiriitme becerilerinin incelenmesi (Bike-Kalkan, 2014;
Kaya & Kesan, 2017), farkli cebir 6gretim yaklasimlarinin etkilerinin degerlendirilmesi (Kanbir, 2016) ve
cebirsel kavram yanilgilarinin giderilmesi (Erdem & Sarpkaya-Aktas, 2018) dikkat ¢ekmektedir. Kaya ve Kesan
(2017), cebirin sadece matematik dersleriyle sinirli olmayan, yasamin her alanina yayilan bir zihinsel aktivite
olmasma ragmen, dgrencilerin cebirsel akil yiiriitmede yetersiz olduklarim vurgulamuglardir. Oz (2017) ise
ogrencilerin cebir ogrenme siireclerinde genellikle algoritmalara dayali bir yaklasimi benimsediklerini ve
Ogretmenlerin 6grencilerin matematiksel akil yiiriitme becerilerini desteklemede sinirli firsatlar sunduklarii
tespit etmistir.

Bu veriler 15181nda, spesifik olarak 6grencilerin cebirsel akil yliriitme becerilerini desteklemek i¢in 6gretim
siireglerinin ve ogrenme ortamlarinin yeniden yapilandirilmast gerekmektedir. Ogretmenlerin, dgrencilerin
anlamalarii ve matematiksel diisiinme becerilerini gelistirecek bir yaklagim benimsemeleri 6nemlidir (Leitze &
Kitt, 2000). Ancak literatiirde, durum tespiti niteligindeki ¢alismalarin agirlikta oldugu, cebirsel akil yiiriitmeyi
konu alan uygulamalar ve bu uygulamalarin sinif ortamindaki yansimalarini inceleyen ¢aligmalara hala 6nemli
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bir ihtiya¢ oldugu anlasilmaktadir. Bu calisma, literatiirdeki bu ihtiyaca doniik olarak “Sekizinci simif
ogrencilerin cebirsel akil yiiriitme becerilerini desteklemeyi hedefleyen bir 6grenme ortamu tasarlamak ve bu
ortamdan yansimalar sunmak amaglanmaktadir. Bu tiir bir aragtirma kuramsal 6zellikle de pratik agidan
matematik egitimi alanina dnemli katkilar sunabilir. Bir yandan, cebirsel akil yiiriitmenin gelisimini destekleyen
etkili 6grenme ortamlarinin tasarimina yonelik literatiire katkida bulunabilir. Diger yandan, 6gretmenler igin
yenilik¢i 6gretim stratejilerinin gelistirilmesine ve uygulanmasina rehberlik edebilir.

2. Yontem

Bu calismada, 6grencilerin cebirsel akil yiirtitmelerini destekleyen bir sinif i¢i ortamdan yansimalar sunmay1
amaclanmaktadir. Arastirma bu 6grenme ortaminin dgrencilerin cebirsel akil yiirlitmelerini nasil destekledigini
gozlemlemek ve degerlendirmek amaciyla eylem arastirmasi seklinde yiriitilmiistiir. Eylem arastirmasi bir
uygulayicinin bizzat kendisinin veya bir arastirmaciyla birlikte gerceklestirdigi; uygulama siireci igerisinde
olusan sorunlarin tespit edilmesi veya mevcut bir soruna yonelik ¢6ziim bulunmasi icin sistematik sekilde veri
toplamay1 ve analiz etmeyi igerir (Karasar, 2009). Bu ¢alismada ilk yazar kendi 6gretme deneyimlerinden
hareketle; sinif i¢i 6grenme-6gretme faaliyetlerinin, ortaokul matematik dersi 6gretim programimin hedefledigi
temel matematiksel beceriler odagindan uzak oldugu ve bunun yalnizca kendi siniflarinda ortaya ¢ikan bir durum
olmadiginin tespitini yapmustir. Sinif i¢i uygulamalarda ortaya ¢ikan bu sorun, ilgili arastirmaciya “diisiinme
becerilerini (6zel olarak akil yiiriitme) kendi derslerimin merkezine nasil ¢ekebilirim” sorusu ile karsi karsiya
birakmis, bir ¢dziim arama ve bu ¢oziimil degerlendirme yoluna itmistir. Bu nedenle aragtirmada uygulayicilarin
ve problemin odaginda olanlarin katilimiyla yapilan uygulamanin degerlendirilerek mevcut durumu iyilestirmek
icin 6nlemlerin alindig1 eylem arastirmasi yontemi benimsenmistir.

2.1. Katilimcilar

Arastirma Trabzon ilindeki bir ortaokulda 8. sinifta 6grenim gormekte olan 25 6grenci (12 kiz, 13 erkek) ile
yiriitiilmiistiir. Sekizinci sinif diizeyinde cebir kazanimlarinin diger smiflara gére gorece yogunlugu bu sif
seviyesinde uygulama yapilmasinin temel gerekgelerinden biri olmustur. Ayrica arastirmanin gergeklestirildigi
sliregte, ilk yazarin sorumlulugunda iki sekizinci sinif, bir yedinci smif ve bir altinci sinif bulunmaktaydi. Pilot
ve asil uygulamada 6gretmen-6grenciye iliskin faktorleri asgariye indirmek amaci sekizinci siniflarin se¢iminde
bir baska etken olmustur. Pilot ¢alisma ve asil ¢alismanin gergeklestirildigi iki sekizinci sinif hem sinif ortaminin
fiziksel 6zellikleri hem de matematik dersindeki akademik basari a¢isindan benzer 6zelliklere sahiptir.

2.2. Arastirma Tasarim ve Siireci

Eylem arastirmasi yonteminin kullanildigi bu ¢aligmanin eylem planin akis semasi sekil 1°de verilmistir.
Caligma birbirini takip eden {i¢ agamada gerceklestirilmistir. Bunlar: planlama, eylem ve veri toplama, yansitma
asamalaridir.

Cehirsel gistergalerin
gelistinilrmesi Asi| uygulamanin yapilmas g
m
| 3
5
Planlamays gdahil olan =
cebirsel kazanimlann &
belifkenmesi Asil uygulamanin video £
kamera ilz kayrt alhna b
shnmasi
Belirlenen kazanimlara —_—
yinelik c=birsel gostangsler 1
ile ligkilendirilen taslak
planiann ghugturulmas: Ders kayrtlanmin ve alan m
natlarinin bitincdl nitel E
E analizi e
ko [ =
[=] A ———
& :
Taslak planiann uzman ile
degeriendirilerak
geligtirilrnasi

|

[ Felisdirilen ders plantannin ]

-

pilot sinifta uygulanmas:

Pilot uygulamadan alinan
danitierde plsnin yeniden
peligtirilerak revize edilmasi

Sekil 1. Arastirma eylem planinin akis semasi
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Planlama: Problemin tespitinden sonra ¢dziimiine iliskin kararlarin alindign asamadir. Oncelikle literatiir
desteginde ortaya konan cebirsel akil yiirlitme bilesenlerine ait gostergeler ilgili 6gretim kademesinin 6zellikleri
de dikkate alinarak belirlenmistir. Daha sonra bu gmstergelerin entegre edildigi ders planlar1 gelistirilmis ve pilot
uygulamasi 24 dgrenciden (12 kiz ve 12 erkek) olusan bir sekizinci sinifta gergeklestirilmistir.

Eylem ve Veri Toplama: Pilot uygulama sonrasinda diizenlenen ders planlarina gore asil grupta uygulamanin
gerceklestirildigi asamadir. Ogretim programinda cebir 6grenme alamina iliskin {i¢ kazanim igin toplam 10 ders
saatlik bir uygulama gerceklestirilmistir. Uygulamalar birinci yazarin sorumlulugunda gergeklesmis ve tim
dersler video ile kayit altina alinmistir. Ayrica arastirmaci video kayitlarinin analizi esnasinda kullanmak tizere
siif iginde ve hemen ders bitiminde alan notlar1 almistir.

Yansitma: Eylem arastirmasi en 6nemli asamalarindan biridir. Bu asamada cebirsel akil yiiriitmeyi destekleyecek
sekilde planlanan dersin biitlin olarak etkililigi sistematik bir ¢ercevede degerlendirilmistir. Her bir uygulama
‘dersin cebirsel akil yiiriitme gostergeleri agsindan belirlenen hedeflerine 6grencilerin ulagsma durumunu
degerlendirme’ ve ‘dersin amaglara ulasmada daha basarili olabilmesi adina 6neriler sunma’ olmak tizere iki
temel nokta etrafinda yansimalar yapilmustir.

2.2.1.Cebirsel Akl Yiiriitme Gaostergelerin Olugturulmast

Arastirmanin temel amaci dogrultusunda Ogrencilerin cebirsel akil yiirlitme becerilerini gozlemleyip
degerlendirilebilmek igin cebirsel akil yiirlitme gostergeleri literatiir desteginde olusturulmustur. Bunun igin
asagidaki li¢ adim takip edilmistir.

Birinci Adim: Bu adimda oncelikle cebirsel diisiinme ve cebirsel akil yiiriitme o6zelinde literatiir taramasi
yapitlmistir. Temelde cebirsel diisiinme becerisinin mantiksal bir g¢er¢evede islevsel bir uzantisi olarak
anlamlandirilan cebirsel akil yiiriitmeye iligkin tanimlar incelenmis ve ardindan 1.1. Cebirsel Akil Yiirlitme
baslig1 altinda sunulan cebirsel akil yiiritmenin bilesenlerine ulagiimistir.

ITkinci Adim: Bu adimda ilk olarak bir énceki adimda belirlenen cebirsel akil yiiriitmeyi bilesenlerine ait anahtar
kavram ve/veya siiregler (esitlik kavramimin anlamini, yapisini ve kullanimini anlar, fonksiyonel iligkileri teshis
eder, farkli gosterimleri kullanir, veriler arasinda baglanti kurar, vb.) belirlenmistir. Ardindan ilgili 6gretim
kademesi de dikkate alinarak taslak gostergeler bu bilesenlerin altinda olusturulmustur.

Uciincii Adim: Bu adimda ise alaninda uzman bir arastirmaci ile cebirsel akil yiiriitme bilesenleri ve bu
bilesenleri tanimlayan gostergeler incelenmistir. Bu inceleme sonucunda temelde asagidaki diizenlemeler
yapilmistir. GOstergelerin bu ¢alismadaki son hali Tablo 1°dedir.

Tablo 1. Cebirsel akil yiiriitme bilesen ve gostergeleri

Bilesenler Gostergeler

CA:Cebirsel Fikirleri, Diisiinceleri, CAl: Anlasmazliklar1 ve yanlis anlamalar1 ortadan kaldirmaya
Yaklagimlar1 Anlamlandirma yonelik sorular sorar.

BK:Baglant1 ve Iliski Kurma BK1:Veriler arasindaki iligskilere dair varsayimda bulunur ve

varsayimlari gerekgelendirir, kanitlar veya ¢iiriitiir.
BK2:Veriler arasindaki iliskileri kullanarak genellemeyi formiile eder
ve destekler.

FG:Farkli Gosterimleri Kullanma FG1:Matematiksel bilgiyi sozel, tablo, grafikle ve cebirsel olarak
gosterir
FG2: Farkli gosterimler arasinda iligkileri kurar ve bir gdsterimden
diger gbsterime gegis yapar.

SK:Sembolleri Anlamli Kullanma SK1:Genellemeleri cebirsel olarak ifade eder
SK2: Denklem/denklem sistemi kurar ve ¢ozer.
SK3: Sembollerin (+, -, :, x, = gibi islemler ile a,b,x,... gibi harfli
semboller) anlamlar1 ve kullanimlarin bilir

ED : Elestirel Diisiinme ED 1: Farkli baglamlara iligkin temsilleri karsilastirir, yorumlar ve
sonug ¢ikarir.
ED 2: Kendi hatalarin1 analiz eder

FC: Fonksiyonlarla Caligma FC 1: Fonksiyonel iliskileri olusturur
FC 2: Fonksiyonel iligkileri kullanarak mevcut durumu analiz eder ve
¢0ziim sunar.
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1) Bilesen adlar1 bazi durumlarda daha kapsayici nitelikte diizenlenmistir. Ornegin “Oriintiileri Tanima ve
Genelleme” bileseni, {izerinde ¢alisilan baglamin bir driintii formatinda olmadig1 durumlari da igermesi agisindan
“Baglant1 ve Iliski Kurma” seklinde diizenlenmistir.

2) Bilesenler altinda ayn1 amaca hizmet ettigi diisiiniilen baz1 gostergeler birlestirilmistir. Ornegin; “Baglant:
ve Iliski Kurma” bashig1 altinda “Veriler arasindaki iliskilere dair varsayimlarda bulunur varsaymm destekleyen
veya ciirliten 6rnekler sunar” ve ”Varsayimlart dogrular ve kanitlar” seklinde iki gosterge birlestirilerek “Veriler
arasindaki iligkilere dair varsayimda bulunur ve varsayimlar gerekgelendirir, kanitlar veya ¢iiriitiir” seklinde
diizenlenmistir.

3) Cebirsel akil yiiriitme acisindan 6nemli ancak Ortiik kalmis bazi durumlar ise 6n plana g¢ikarilmistir.
Ornegin; cebirsel akil yiiriitmenin cebirsel ifade/iliskileri analiz etme, mantiksal ¢ikarimlar yapma ve problem
¢ozme stireclerinde sembolleri ve islemleri etkili bir sekilde kullanma seklinde islevin gerceklestirebilmesi
oncelikle s6z konusu cebirsel diigiinme/fikir/yaklagimlar1 anlamlandirmasimi gerektirir. Bu agidan “Cebirsel
Fikirleri, Diisiinceleri, Yaklasimlar1 Anlamlandirma” seklinde bir bilesen ve bu bilesenle iligkili olarak
Ogrencinin verilen baglamda anlagilmayan ya da yanlis anlasilan durumlari ortadan kaldirmaya doniik sorular
sormasi seklinde bir gosterge eklenmistir.

2.2.2. Ders Planlarinin Gelistirilmesi

Ders planlar sekizinci sinif matematik dersi 6gretim programinda cebir 6grenme alanindaki li¢ kazanim igin
cesitli Ogretim kaynaklar1 (matematik ders kitaplari, Egitim Bilisim Ag [EBA] vb.) ile literatiirden
faydalamlmistir. Ogrencilerin sistematik bir sekilde cebirsel akil yiiriitmeye yonlendirilmesi amaciyla gelistirilen
cebirsel gostergeler ders planlarina entegre edilmistir. Toplam bes ders plani gelistirilmistir. Tablo 2 6gretim
programindaki kazanimlar odaginda gelistirilen ders planlari, bu ders planlarinin iliskilendirildigi cebirsel akil
yiirlitme gdstergelerini ve uygulama siirelerini gostermektedir.

Tablo 2. Kazanimlar ve ilgili ders planlari

Kazanim Ders Plan Cebirsel Gostergeler Siire (dk)

CAl, BK1, BK2, FG1,

Dogrusal Iliskiler ve Giinliik 40+40=80
Dogrusal iligki igeren gergek yasam  Yasam-1 ng ' ?g %2’ SK3, ED?, dk
durumlarna ait tablo, grafik ve CA 1’ BK1 BK2 FG1
denklemi olusturur ve yorumlar Dogrusal Iliskiler ve Giinliik FG2 SK1 SK3EDL ~ A0+40=80
Yasam- 2 ED2, FC1, FC2 dk
iki bilinmeyenli dogrusal denklem - . . CAl, FG1, FG2, SK2, 40+40=80
sistemlerini cozer Dogrusal Denklem Sistemleri-3 SK3. ED2 dk
- . . CAl, FG1, FG2, SK2, _
Dogrusal denklem sistemlerinin Dogrusal Denklem Sistemleri ve SK3. EDL ED2 FC1 40+40=80
¢oziimleri ile bu denklemlere Grafikleri-4 FCZ’ ' 7 ©oodk
la‘féjiﬁaﬁieg i‘l’i‘rﬂar’ grafikleri = s rusal Denklem Sistemleri ve CAL, FGL, FG2, SK2,  40+40=80
3 Grafikleri-5 SK3, ED1, ED2, FC1,FC2dk

Ders planlari gelistirme siirecinde ilk olarak kazanimlar ve cebirsel gostergeler birlikte ele alinarak taslak bir
ders planlart olusturulmusgtur. Daha sonra olusturulan taslak planlar, lisansiistii diizeyde akil yiiriitme becerilerine
yonelik ders veren alaninda uzman bir matematik egitimcisinin goriisleri dogrultusunda degerlendirilmistir. Bu
degerlendirmeler taslak planlarin (i) kazanimlara uyumu, (ii) hedeflenen cebirsel gostergeleri destekleme
durumu ve (iii) smuf diizeyine ve o6gretim ilkelerine uygunlugu bakimindan ii¢ temel kriter dogrultusunda
yapilmistir. Her bir ders plani igin ilgili uzmanla yaklasik 30 dakikalik goriismeler yapilmis, bu gériismeler ses
kayit cihaziyla kayit altina alinmigtir. Gorlisme kayitlarimin iki aragtirmaci tarafindan incelenmesi sonucunda
ders planlarinda gerekli diizeltmeler yapilmistir. Son olarak gézden gecirilip diizenlenen ders planlarimin 24
kisilik bir sekizinci sinifta pilot uygulamasi yapilmis ve asil uygulama dncesi son seklini almistir.

2.3.Veri Toplama Araclari

Eylem aragtirmalarinda veri toplama yontemleri aragtirma sorularina, arastirma durumuna ve arastirmacinin
yeterliliklerine gore degisiklik gosterebilir (Kuzu, 2009). Ayrica eylem arastirmalarinda birbirini destekleyen
cesitli veriler elde etmek amaciyla birden fazla veri toplama yontemi kullanilabilecegi belirtilmektedir. Bu
calismada veri toplama araglari olarak sinif i¢i uygulamalara ait video kayitlart ve alan notlari kullanilmustir.

Video Kayitlari: Eylem arastirmalarinda gecerli ve gesitli gorlis agis1 saglamasi bakimindan giinliikler, alan
notlar, video kayitlart kullanilabilir. Ozellikle video kayitlar aragtirma siirecinin tekrar tekrar izlenmesine ve
daha iyi analiz edilmesine olanak saglayarak arastirmacilarin 6grenme ortamina dair dogru yansimalar
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yapmasina imkan sunar (Sherin, Linsenmeier & van Es, 2009). Asil uygulama esnasinda genel sinif ortamini
¢eken bir kamera ile 6grencilerin defterlerinde yaptiklarini ve gretmenle diyaloglarini kaydeden bir el kamerasi
kullanmigtir. Ders akisini genel olarak kaydeden kamera ile asil uygulama esnasinda yaklasik 80x5=400
dakikalik kayit yapilmistir. El kamerasi ile birlikte toplamda 500 dakikanin iizerinde video kayd1 yapilmustir.

Alan Notlari: Nitel arastirma ydntemlerinde zengin betimleme ve detaylandirma yapabilmek amaciyla alan
notlari siklikla kullanilan veri toplama araglarindandir. Bu ¢alismada da asil uygulamada ders i¢i ve hemen ders
sonrasinda alinan alan notlar1 hem dersin cebirsel akil yiiriitme becerilerini destekleme durumuna kanit sunmak
hem de video kayitlar1 analiz edilirken odak noktalar1 belirleme noktasinda yol gosterici olmustur.

2.4 Verilerin Analizi

Video ile kayit altina alinan dersler ve arastirmacinin tuttugu alan notlar1 biitlinciil bir sekilde nitel olarak
analiz edilmistir. Bu analiz slirecinden temel referans cebirsel akil yiirlitme bilesen/gdstergeleri olmustur.
Arastirmacilar analiz siirecinde su iki duruma kanit aramistir: (i) 6grenme ortaminin hedefledigi cebirsel akil
yiiriitme gostergeleri agisindan Ogrencileri destekleme/engelleme durumu nedir? (ii) &grenme ortaminin
hedeflerine ulagmasi agisindan nasil daha etkili hale getirilebilir?. Sinif i¢i diyaloglardan kesitler ve alan notlar1
bu kanitlart betimlemek i¢in kullanilmistir.

2.5. Arastirmanm Etik izinleri

Tiim katilimeilar ¢alismaya katilmadan 6nce bilgilendirilmis onam vermistir. Katilimcilar, ¢alismanin amaci
ve herhangi bir sonu¢ olmaksizin istedikleri zaman geri ¢ekilme haklari konusunda bilgilendirilmistir. Veriler
2020'den 6nce toplandigi igin ek bir etik onaya gerek duyulmamustir.

3. Bulgular

Gelistirilen 6grenme ortamina ait sinif i¢i uygulamalardan elde edilen bulgular cebir akil yiiriitme bilesenleri
dikkate alinarak sunulmustur.

3.1. Cebirsel Fikirleri, Diisiinceleri ve Yaklasimlar1 Anlamlandirma

Cebirsel diisiince, fikir ve yaklagimlarin anlamlandirilmasi 6ziinde 6grencinin zihninde gergeklesen bir eylem
olup bu siiregte Ogrencilerin anlagilmayan ya da yanlis anlasilan durumlari ortadan kaldirmak igin sorular
sormast beklenir. Anlamlandirma siirecine katkida bulunacak bir baska yol ise dgretmenin anahtar nitelikte
sorularla 6grencilerin ne olup bittigine iliskin sorgulama yapmalarint desteklemektir. Bu bakis agist tiim ders
planlarina yansitilmig ve 6grencilerin hem kendi fikirlerini/¢oziimlerini hem de arkadaslarinin fikir/¢éziimlerini
ifade etme ve irdeleyebilmelerini saglayacak nitelikte ortam olusturma c¢abasina girilmistir. Bu ortamda siklikla
6grencilere “neden, ne amagla” soru kdklerini barindira sorular yonlendirilmistir.

Dogrusal liskiler ve Giinliik Yasam-1 ders plamina gore islenisin yapildigi dersin gelisme boliimiinde
ogrencilerden bir kaba akitilan suyun hacminin zamana gore degisimini formiile etmeleri istenmektedir. Kabin
iginde baglangigta 100 ml su vardir ve kaba her saniyede 50 ml su akmaktadir. Ogrencilerin dikkatini probleme
¢ekmek ve problem durumunu anlamalarina yardimer olmak i¢in siniftan bir 6grenciye problem durumu sesli bir
sekilde okutulmus ve baglama iliskin ¢ok kisa bir animasyon izletilmistir. Ogrencilerin kaptaki suyun hacminin
zamana gore nasil degistigini anlamalarina yardimer olmasi igin Sekil 2’de verilen tabloyu doldurmalari
istenmistir.

Sekil 2. Tahtaya asilan zaman- hacim tablosu

Ogrencilerin baglama iliskin tablo temsilini anlamlandirma durumlarimi gérmek igin dgretmen ve sinif
arasinda asagidaki diyalog gerceklesmistir.

Ogretmen: Tablodaki sifirinci saniye neyi ifade ediyor burada?
Ceyda: Baslangig.
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Ogretmen: Baslangicta ne kadar su vard1?
Ceyda:100 ml.

Ogretmen: Birinci saniyede ne kadar su oldu?
Fatih:150 ml.

Ogretmen: Ne kadar su geliyor bir saniyede?
Fatih:50 ml.

Ogrenciler ellerindeki tabloyu doldururken dgretmen bazi dgrencilerin hacim yerine suyun yiiksekligine
odaklandiklarin1 fark etmistir. Bunun iizerine Ogrencileri yiikseklik ile hacim arasindaki iliskiyi kurmaya
yonlendirilmistir.

Ogretmen: Zaman ile kaptaki suyun yiiksekligi arasinda iliski var mm?
Ogrenciler: Evet.

Ogretmen: Nasil bir iliski vardir?

Esra: Hacim artarsa yiikseklikte artar.

Ogretmen: Yani zaman artikca hem hacim hem de suyun yiiksekligi mi artiyor?
Ogrenciler: Evet.

Ogretmen: Zaman ile hacim arasindaki iliskiye dikkat edersek ne diyebiliriz? Yani iliskiyi baslangicta bulunan su
miktaria bagh disiinebilir miyim?

Gamze: Birinci saniyede 100 art1 50° dir.

Ogretmen: Ikinci saniye sonunda ne kadar su birikir?

Selin: 150 art1 50 .

Ogretmen: Oyle de diyebilirsin ama mantig1 birinci saniyedeki ne benzerse nasil olur? Ya da baslangigtaki su
miktar1 sabit kalacak sekilde diistiniirsen ne dersin?

Selin: O zaman 100 art1 100 olur.

Ogretmen: Her saniye de geleni ayr1 ayr1 eklesek olur mu?

Selin: Tamam. 100 art1 50 art1 50 olur.

Ogretmen: Ugiincii saniyede nasil olur?

Fatih: 100 art1 50 art1 50 art1 50 olur.

Ogretmen: Dérdiincii saniyede nasil olur?

Ferhat: 100 at1 50 art1 50 art1 50 art1 50 olur.

Ogretmen: (100+50+50) ‘yi gostererek burada daha farkli nasil ifade edersiniz?
Ceyda: 100+ 2.50 olarak.

Bu diyalogun basinda dgretmen, Ogrencilerden yiikseklikteki degisimi suyun hacmindeki degisim ile
iligkilendirmeleri amaglamistir. Ancak bu diyalog yiikseklik ile suyun hacmi arasindaki iliskiyi, tiim sinifin ya da
problemde hacim yerine yiikseklige odaklanan 6grencilerin, anlamalarina katki agisindan zayif kalmistir. Diger
taraftan her saniyede kaba eklenen 50 ml su vurgusu, 6grencilerin degiskenlerden birinin digerine gore nasil
degistiginin anlagilmasina katki saglamistir. Bu duruma kanit olarak 6grencilerin tahtaya gelerek doldurduklar
Sekil 3’teki tablo ve agagidaki diyalog sunulabilir.

Ogretmen: Zaman siitunu ile iliski siitunu arasinda nasil bir iliski vardir?

Esra: Artig miktari ile zamani ¢arptigimda 100’e eklenen seyi buluyoruz.

Beyza: Hacimleri parcaladigimizda kag tane 50 varsa o kadar saniye ge¢mis oluyor.

Ogretmen: O halde sdyle ifade edebilir miyiz? Baslangigta kapta olan su miktar1 100 ml’yi sabit aliyoruz ve kag
saniye gecerse o kadar 50’yi iizerine ekliyoruz.

Sekil 3. Tahtadaki tablonun 6grenciler tarafindan doldurulmus hali

Cebirsel diisiince, fikir ve yaklasimlarin anlamlandirma siirecine yonelik olarak; 6gretmen genel anlamda
problemleri sesli okutarak problemde ne verildigini ne istendigini 6grencilerin anlamalarina yardimci olma,
Ogrencileri soru sormaya tesvik etme ve yonlendirici sorularla onlari iliskinin niteligi hakkinda diisiinmeye sevk
etme gibi firsatlar sunmustur. Ancak 6grencilerin bu bilesenle iligkili gostergenin temel gelistirici unsurlarindan
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olan iletisim kurma hususunda yetersiz kaldiklar1 gézlemlenmistir. Ayrica yapilan ders analizleri dgretmenin
sinif tartigmalarini toparlama noktasinda 6grencilere daha fazla alan birakmasi gerektigini ortaya koymaktadir.

3.2. Baglant1 ve iliski Kurma

Dogrusal Iliskiler ve Giinliik Yasam-1 ve Dogrusal iliskiler ve Giinliik Yasam-2 dersleri veriler arasindaki
iligkilere dair varsayimlar olusturma, varsayimlari test etme ve ulasilan genellemeleri formiile odagindadir.
Ogrencilerin sayisal veriler, bunlar arasindaki iliskiler ve buradan hareketle fonksiyonel iliskileri formiile etmeye
doniik ¢ikarimlar yapmalarini gerektiren bu uygulamalar cebirsel akil yiiriitmeyi destekleme agisindan oldukga
onemlidir.

Her iki ders planinda da isleyis genel olarak; Ogrencilere verilen problemlerde baglama konu olan
degiskenleri igeren tablo olusturma (bir bagka deyisle sayisal veriler elde etme), tabloda degiskenlerin birbirine
gore degisimini gozlemleme, degisiminin niteligini ortaya koyan ¢ikarimlarda bulunma, bu c¢ikarimlar
dogrulama/yanliglamaya dontik sinif tartigmasi yliriitme ve son adimda veriler arasindaki iligkiyi formiile etme
seklinde planlanmigtir. Ders esnasinda gergeklesen ve asagida bir Ornegi verilen O6gretmen-6grenci
diyaloglarinda, 6gretmen baglanti ve iliski kurma bilesenine yonelik ifade edilen bu eylemleri 6grencilerin
gerceklestirmesine yardimer olacak yonlendirmeler yapma ¢abasindadir.

Dogrusal iliskiler ve Giinliik Yasam-1 ders planmin islenis kisminda; baslangigta icinde 100 ml su bulunan
ve tekrar su ile doldurulmaya baslayan kapta 9. ve 16. saniyelerin sonunda ne kadar su bulunacagi 6gretmen
tarafindan G6grencilere sorulmustur. Bu soru baglaminda smifta 6gretmen-6grenciler arasinda gegen diyalog
asagidadir.

Ogretmen: Oncelikle 9. Saniyede kapta ne kadar su olur?

Selin: 450 olur.

Ogretmen: Nasil buldun?

Selin: Her saniye i¢in 50+50+... yaparak buldum.

Ogretmen: Kisa yolu yok mu bu isin?

Selin: Her saniyede 50 ml su aktigi i¢in 9 ile 50’yi ¢arparak da bulurum.

Engin: Ama baglangigta 100 ml su zaten vardi. 100°de eklerim 550 olur.

Ogretmen: Evet giizel, 16. saniyeyi diisiinelim.

Fatih: 100 ml zaten vardi. 50, 50... ekleyerek ilerledim. 900 olur.

Ogretmen: Ben drnegin 40. saniyeyi ya da 100. saniyeyi sorsam yine ekleyerek mi ilerlerdin?

Fatih: Ben yine dyle yapardim.

Engin: 16. saniye ile 9. saniye arasinda 7 sn fark var. 7 saniyede 7.50’den 350 ml su akar. Bunu 450’nin iizerine
ekledim ve baglangigtaki 100 ml suyu ekledim. 900 ml su olur

Emre: 16 saniyede 16.50’den 800 ml su akar. Baglangigta 100 ml su oldugundan toplam 900 ml su olur.

Ogrenciler 6gretmenin sorusuna cevap verirken ilk asamada agirlikli olarak aritmetik yaklasimlar:
kullanmistir. Ancak ¢6ziim Onerileri dikkatli bir sekilde incelendiginde, bir kismi sadece suyun artis miktarina
odaklanarak aritmetik iglemlere (9. saniyeye kadar 50 eklemek seklinde ardisik toplamlar) dayali ¢6ziim
sunarken, diger bir kismi da zaman degiskenine bagli olarak hacim vurgusu igeren aritmetik islemler (9. saniyeye
9.50 kadar su akmugtir) yirtitmiistiir Bu diyalog 6gretmenin hem zaman ve hacim degiskenini somut bir sekilde
iliskilendirme hem de bir genel formiil elde etme ihtiyacini ortaya koyma gabasinin bir gostergesidir. Ancak
ozellikle ikinci kisma vurgu ¢ok giiglii olmamustir. Bu dersin devaminda diyalogda adi gegen Selin, Engin ve
Emre zaman-hacim arasindaki iligkiyi formiile etmede basarili olmustur.

Genel olarak, her iki derste de 6grencilere problem baglamina konu olan genellemeleri formiile edebilmistir.
Bu siiregte 6gretmen Ogrencilerden degiskenler arasindaki iliskiyi veren formiilii dogrudan istemek yerine,
degiskenlerin birbirine gore nasil degistigine odaklanmalarini, degisim hakkinda fikirlerini ortaya atmalarini, bu
fikirleri desteklemelerini istemis ve tiim bunlar1 yapmalar1 i¢in yeterince bekleme zamani vermistir. Tiim bunlar
ogrencilerin baglant1 ve iliski kurma bilesenine yonelik zorluklar1 agsmalarinda yardime1 olmustur.

3.3. Farkh Gosterimleri Kullanma

Bu bilesen 6grencilerin matematiksel bilgilerini farkli gdsterimlerle temsil etmeleri ve bir gdsterimden diger
bir gosterime gecis yapmalarini gerektiren gostergeler igermektedir. Bu gostergeler dgrencilerin sahip oldugu
cebirsel fikirleri ifade etmelerine ve somutlastirmalarina yardimci olmaktadir. Bu bilesene ait gostergelere tiim
ders planlarinda yer verilmis, bir bagka deyisle 6grenciler bu eylemleri yapma noktasinda cesaretlendirilmis ve
desteklenmistir.

flk iki ders planinda baglam, tablo ve cebirsel gdsterimler ile bunlar arasindaki gegis, diger ii¢ ders planinda
ise planda tablo, grafik ve cebirsel gosterimler ile bunlar arasindaki gegisler 6n planda olmustur.

Dogrusal iliskiler ve Giinliik Yasam-1 ders planimmin giris kismindaki problemde 6grencilerden tabloda
verilen x degerlerine bagl olarak y=2x-1 degerlerinin bulunmasi ve (x,y) seklinde sirali ikililerle ifade edilmesi
beklenmektedir. Birgok dgrenci tabloyu dogru sekilde doldurabilmistir. Tabloyu doldurmada zorlanan &grenciler
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icin y ile x arasindaki iligki tekrar vurgulanmistir. Tabloyu doldurulduktan sonra 6grencilere (x,y) sembolik
gosteriminin ne anlama geldigi ve neyi ifade ettigi sorulmustur. Burada bu sirali ikililerin koordinat sisteminde
birer nokta ifade ettigi fikrine yonlendirilerek dogru grafigine gegis yapabilmeleri hedeflenmistir. Ogrenciler, bu
ikililerin koordinat sisteminde noktalar oldugunu sdylemislerdir. Bu noktada dgrencilerden bulduklar (x,y) siralt
ikililerini ¢aliyma kagitlarindaki koordinat sistemine isaretleyerek birlestirmeleri istenmistir. Dogru grafigini
uygun bir gekilde olusturan Esra’nin ¢alisma kagidinin goriintiisii Sekil 4’de verilmektedir. Smiftaki 6grencilerin
¢ogu benzer sekilde dogru grafigini ¢izebilmistir. Tablodan grafige gegiste sirali ikilileri referans almak
ogrencilerin isini kolaylastirmis olmakla birlikte grafigin aslinda bu noktalardan meydana geldigi fikrini
anlamaya da yardimcidir.

r’r‘,»fc--ju
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Sekil 4. Esra’nin defterinde olusturdugu grafik

Ders devam ederken 6gretmen dgrencilere ¢izdikleri dogru hakkinda bazi sorular sormustur. Asagida verilen
diyalog bu sorular ve dgrencilerin verdigi cevaplar1 yansitmaktadir.

Ogretmen: Bu dogruyu olustururken kag nokta buldunuz?

Beyza: Bes nokta.

Ogretmen: Acaba dogruyu olusturmak igin kag nokta yeterli olur? Neden?

Ceyda: Ug nokta yeterlidir. Bastaki, ortadaki ve sondakini bulsaydik yeterliydi.

Gamgze: 1ki tane bulsak yeterli.

Esra: Bastakini ve sondakini bulsak yeterlidir.

Ogretmen: Peki bir sey soracagim. Sadece bastaki ve sondaki mi olmak zorunda? Rastgele iki nokta verilirse olmaz
m1?

Beyza: Yeterli olurdu.

Bu diyalog bir dogrunun iizerindeki iki nokta yardimiyla tam olarak belirlenebilecegi fikrini gerekgesiyle
birlikte insa edilmesine yardimci olmak amaciyla 6gretmene giizel bir firsat vermistir.

Farkli gosterimleri kullanmaya iliskin olarak 6grenciler baglangigta bazi noktalar da zorlanmis olmakla
birlikte uygulamaya boyunca farkli gosterimlere siklikla yapilan vurgu, Ogrencilere hedeflenen eylemleri
gerceklestirebilmeleri igin verilen yeterli zaman ve dogru yonlendirmeler baslangigta sahip olduklar1 zorluklar
agmalarina yardime1 olmustur.

3.4. Sembolleri Anlamh Kullanma

Sembolleri anlamli kullanma bileseni 6grencilerin ulagtiklari genellemeleri uygun semboller kullanarak
dogru bir sekilde cebirsel olarak ifade etmeyi, denklem ve denklem sistemlerini ¢6zme gibi gdstergeler
icermektedir. Tiim ders planlarinda sembolleri anlamli kullanimina destekleyecek ornekler veya etkinlikler yer
almigtir.

Sembolleri anlamli kullanimi bilesenine doniik analizler 6grencilerin bu bilesenle iliskili eylemleri
gerceklestirirken genel olarak zorlandiklarini ortaya koymaktadir. Dogrusal Denklem Sistemleri-3 ders planinin
isleniginde dersin gecis/gelistirme kisminda yer alan bir 6rnekte kumbarasinda sadece 5 ve 10 liralik banknotlar
toplayan Yusuf’un toplam 30 banknotu ve 210 liras1 oldugu belirtilerek kumbaradaki 5 ve 10 liralik banknotlarin
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sayis1 sorulmustur. Ogrenciler bu probleme uygun denklemi olusturmada oldukga zorlanmistir. Bu problemle
ilgili 6gretmen ve 6grencisi Salih arasinda gergeklesen diyalog asagidadir.

Ogretmen: x tane 5 TL varsa toplam ka¢ TL olur?

Salih: ........ ?

Ogretmen: 3 tane 5 TL varsa toplam kag TL olur?

Salih: 15 TL

Ogretmen: Bulmak i¢in ne yaptin?

Salih: Carptim.

Ogretmen: Ayn sekilde diisiineceksin. x tane var diyor.
Salih: 5x olur.

Ogretmen: Aym sekilde 10 TL’lik banknotlar1 diisiiniirsen.
Salih: 10y olur. Toplam miktarda 5x+10y=210 olur.

Ogretmen 6grenci icin asina olan bir durum iizerinden drnekleme yaparak dogru ¢ikarim yapmasina destek

olmustur. Bu asamada bazi 6grenciler bilinmeyen sayisini diisiirerek (y yerine 30-x almak gibi) probleme ¢ézim
sunmaya ¢alismustir. Sekil 5’de bu sekilde ¢oziim sunan 6grencilerin defterlerinden kesit yer almaktadir.
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Sekil 5. Ogrenci defterlerinden drnek ¢oziimler

Bir kisim 6grenciler yok etme yontemi kullanarak ¢éziim yapmaya ¢alismistir. Ayni ders ele alinan bir baska

problem durumunda 6grenciler elde ettikleri denklem sistemindeki denklemleri hi¢bir miidahale yapmadan taraf
tarafa toplaymca kolaylikla ¢6ziime ulasabilmisti. Bu problemde yok etme metodunun uygulanabilmesi igin
denklemlerden birinin (5x+10y=210 veya x+y=30) negatif bir say1 ile ¢arpilmas1 gerekmektedir. Bu duruma
iliskin Beyza’nin sorusu ile baslayan diyalog asagidadir.

Beyza: Bir 6nceki problemdeki denklemimizde x+y=175 ve x-y=105 denklemleri vardi. Taraf tarafa toplaninca 2x
kald1 bilinmeyen olarak y yok oldu. Yok olmasi toplamlarinin 0 olmasiydi. Ama bu problemin denklemlerini taraf
tarafa toplasam da ¢ikarsam da higbiri yok olmuyor.

Ogretmen: Denklemleriniz bilinmeyenlerden birinin yok olmast icin hazir degilse hazir duruma getirmek igin nasil
bir yol izlersiniz?

Esra: Eksi ile ¢arparim.

Ogretmen: Sadece eksi ile denklemlerden birini carparak toplarsamz yeni iki degiskenli denklemler elde edersiniz
(Tahtada gostererek yapilmigtir).

Esra: x+y=30 denkleminde y’yi -10 ile ¢arparim.

Ogretmen: Sadece y’yi degistirirsen denklemin esitligi etkilenmez mi bu durumdan?

Gamze: Bence x+y=30 denkleminin tamamini -5 ile ¢arpariz.

Ogretmen: Olabilir. Ne ile ¢arpacaginiza karar verirken hangi bilinmeyeni yok etmek istediginizi diisiiniiyorsunuz.
x+y=30 denklemindeki x, 5x+10y=210 denkleminde ki x ile hangi durumda toplaninca yok olur? Ya da x+y=30
denklemindeki y, 5x+10y=210 denkleminde ki y ile hangi durumda toplaninca yok olur?

Ahmet: Birinci denklemi genisletmek yerine ikinci denklemi -5 ile bolsek olur mu?

Ogretmen burada dogrudan bir islemsel vurgu barindiran bir dgretimsel agiklama yaparak iki denklemde

bilinmeyenlerden birinin katsayisini birbirinin zit isaretlisi yapacak herhangi bir diizenlemenin uygun olacagini
ifade etmistir. Sistemdeki denklemleri dogru bir sekilde olusturarak yok etme yontemiyle ¢oziime ulasan bazi
0grenci cevaplari Sekil 6’dadir
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Sekil 6. Yok etme yontemiyle ¢oziime ulagan 6grenci cevaplari

Uygulama biitiin olarak diisliniildiigiinde; O6grencilerin sembolleri kullanirken karar verme siireglerinde
mantiksal ¢ikarimlarindan ziyade siklikla ezbere prosediirleri referans almaktadir. Burada denklem sistemini
¢ozme siirecinde yapacaklari miidahalelere karar vermede etkili olan mekanizma ezbere prosediirler gibi
gorinmektedir. Problemleri anlamlandirarak verileri cebirsel ifadelere ¢evirmekte ve ¢oziim stratejileri
gelistirmekte zorlanmuslardir.

3.5. Elestirel Diisiinme ve Fonksiyonlarla Calisma

Elestirel diisiinme bileseni dogasi geregi tim ders plant ve uygulamalarda yer almistir. Fonksiyonlarla
calisma bilesenine iligkin gostergeler temelde ilk iki ders plani ile dogrudan iligkili olsa da dogrusal denklem
sistemlerinin grafiksel ¢oziimlerinde de ise kosulmaktadir.

Dogrusal Iliskiler ve Giinliik Yasam-2 dersinde ogrencilere; yeni evlenecek bir ¢ift diigiin davetiyesi
yaptirmak istedigi, farkli matbaalardan fiyat aldiklar1 ve mevcut iki se¢enekten hangisinin daha karli oldugunu
belirlemelerini gerektiren bir problem durumu verilmistir. Bu problemin ¢6ziim siirecinde; 6grencilerin her iki
duruma karsilik gelen fonksiyonel iligkileri olusturmalarina ve bu secenekleri karsilastirmalarina destek olmasi
icin dgretmen tablo ve grafik gosterimlerden yararlanmistir. Problemin ¢6ziim siirecinde farkli 6grencilerden
farkli cevaplar gelmistir. Bunun iizerine 6gretmen ile sinif arasinda gegen diyaloglardan biri asagidadir.

Ogretmen: 150 davetiye i¢in Deger Matbaada ne kadar para 6diiyorsunuz?

Engin: ki kat1 kadar 150. 2°den 300 lira 6deriz.

Ogretmen: Saygi Basimdan alirsaniz 150 davetiye icin ne kadar deme yaparsiniz?

Salih: 200 baslangigta verecegiz zaten. 150 davetiye igin de 150 lira 6dersem toplam 350 lira 6deriz.
Ogretmen: 150 davetiye yaptirirlarsa hangi davetiyeciden yaptirmak bu ¢ift i¢in daha kazangli olur?
Okan: Deger Matbaadan yaptirirlarsa daha karli olur. 50 lira ceplerinde kalir.

Ogretmen: 250 davetiye i¢in Deger Matbaa ve Sayg1 Basimda ki 6deme miktarlariiz ne kadar?

Esra: Deger matbaa i¢in 250. 2 den 500 liradir.

Beyza: Sayg1 Basimda 250 davetiye i¢in 200+250°den 450 liradir.

Ogretmen: Hangisini tercih etmek daha kazanghdir?

Dogan: Burada da Saygi Basimu tercih etmek daha kazanglhidir.

Ogretmen: Her durumda kazangh olan segenek var midir?

Salih: Boyle bir secenek yoktur.

Ogretmen: Neden boyledir? Her iki secenekte de aym davetiye sayisina esit miktarda para denen bir durum olacak
midir?

Esra: Olacaktir.

Ogretmen: Boyle bir durum varsa nasil olacak? Bu durumun &ncesini ve sonrasini karsilastirir misiniz?

Yukaridaki diyalogda oOgretmen her iki matbaanin sundugu teklifi farkli degerler igin karsilagtirma
noktasinda ogrencileri tegvik etmekte, dogru c¢ikarim yapabilmeleri i¢in kritik bir noktaya (her iki matbaa icin
esit tlicret 6denecek davetiye sayisi) isaret etmektedir. Bu problem baglaminda her ne kadar 6grencilerin ilgili
fonksiyonel iligkileri sembolik olarak ifade etmesine destek olacak tablo gdsterimler (Bkz. Sekil 7) dgrencilerle
birlikte olusturulsa da 6grenciler “x davetiye icin her iki secenekte de ne kadar 6denecegi” sorusuna cevap
ermede oldukga zorlanmistir.
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Davetiye Sayisi (x) Odenecek Para | iliski
Miktari (y)

0 200 200

1 201 200+1.1

2 202 200+1.2

3 203 200+1.3
25 225 200+1.25
50 250 200+1.50
100 300 200+1.100

Sekil 7. Saygi matbaasina 6denecek iicreti gosteren tablo

Bu bilesenler ile ilgili olarak genel bir degerlendirme yapmak gerekirse; 6grenciler uygun sorular ve destekle
mevcut duruma iligkin karsilastirmalar yapabilmekte, yorum ve ¢ikarim yapmada destege ihtiya¢ duymaktadir.
Fonksiyonel iliskileri olusturmada tablo ve grafikler gosterimler 6grencilere destek olsa da 6grenciler s6z konusu
fonksiyonel iliskiyi sembolik bicimde ifade etmede ve kullanmada zorlanmaktadir.

4. Tartisma, Sonug ve Oneriler

Bu calismanin odaginda 6grencilerin cebirsel akil yiirtitmeyi desteklemek amagli gelistirilen bir ortamdan
yansimalar sunmak yer almaktadir. Bu dogrultuda bir eylem plan1 gelistirilmis ve gercek bir sinif ortaminda
uygulanmistir. Caligmadan elde edilen en temel sonug gelistirilen 6grenme ortaminin dgrencilerin cebirsel akil
yiirlitme becerilerini genel anlamda destekledigidir.

Cebirsel fikirleri, diistinceleri, yaklasimlart anlamlandirma tiim uygulamalar boyunca dikkate alinan
bilesenlerden biri olmustur. Anlamlandirma eylemi hem bir baglangi¢ noktasi olusturmasi hem de isleyen bir
siireci siirekli olarak desteklemesi agisindan énemlidir. Ogrencilerin cebirle ilgili fikirleri, cogunlukla aritmetik
temelli gegmis deneyimlerinden kaynaklanmaktadir (Kieran, 1992; Herscovics & Linchevski, 1994; Sfard,
1995). Bu durumun beklenen bir sonucu olarak, bu ¢aligmadan elde edilen bulgular grencilerin cebirsel fikirleri
anlamlandirmada zorluk yasadigi ortaya koymaktadir. Yapilan analizler, 6grencilerin sinif i¢i uygulamalar
esnasinda anlamlandirmay1 kolaylastiracak etkili iletisimi kurmakta giigliikk ¢ektigini ortaya koymaktadir.
Ogrencilerin anlamlandirma siireglerini destekleyecek nitelikte dgretmen ve/veya diger dgrencilerle soru-cevap
etkilesimine girmeme geklindeki egilimlerinin, hem anlamlandirma hem de anlamlandirmanin temel teskil ettigi
diger bilesenlerle ilgili performanslarini olumsuz etkiledigi belirlenmistir. Aksine, Yayla, Memduhoglu ve
Saylik (2017) 6grencilerin daha fazla sordugu ve bu sorulara cevap alabildigi siniflarda, akademik basarinin
arttigin1 belirtmistir.

Genellemelere ulasma ve bunlart formiile edip dogrulama matematigin en 6nemli islevleri arasinda yer
almaktadir. Diger taraftan Ogrencilerin genelleme siireclerinde zorlandiklari yapilan arastirmalarla ortaya
konmustur. Bu ¢aligmada genellemeleri formiile etme cebirsel akil yiiriitme agisindan iizerinde durulan bir beceri
olmustur. Genelleye konu olan degiskenler arasindaki iliskilerin farkli gosterimler (6zellikle tablo ve sozel)
vasitasiyla analiz edilmesi genellemeyi formiile etme siirecini kolaylastiran bir siire¢ olmustur. Bu siirecte
ogrenciler fikirleri ortaya atma, bunlar1 destekleyen veya ¢iiriiten kanitlar sunma konusunda desteklenmistir.

Cebirsel akil ylirlitme, matematiksel semboller, tablolar, grafikler ve esitlikler gibi farkli temsillerin anlaml
bir sekilde kullanilmasimi gerektirir (Herbert & Brown, 1997). Ancak, yapilan c¢aligmalara 6grencilerin bu
temsilleri etkili bir sekilde kullanma konusunda zorlandigi, sembolleri zihinsel bir fikirle iligskilendiremedikleri
ve genellemeleri benzer durumlara uyarlamakta sikinti yasadiklarimi gostermektedir (Capraro & Joffrion, 2006).
Uygulamalar boyunca farkli gosterimlere siklikla vurgu yapilmis, gosterimler arasi gegis gerektiren durumlarla
ogrenciler mesgul olmustur. Bu durumun olumlu yansimalar1 uygulamanin ilerleyen sathalarinda daha belirgin
bir sekilde fark edilmistir. Bu ise 6grenme ortami ve 0gretmenin Ogrencilere bu tiirden firsatlar vermesinin
Onemini tekrar ortaya koymaktadir.

Yapilan calisma 6grencilerin en fazla sembolleri anlamli kullanma bilesenine doniik eylemlerde zorluk
yasadigini1 ortaya koymaktadir. Arastirma ogrencilerin sembolleri zihinsel bir anlamla iligkilendirmede, ayrica
denklem kurma, genellemeleri veya fonksiyonel iligkileri formiile etme amagl kullaniminda giiglitk ¢ektigini
gostermektedir. Capraro ve Joffrion (2006) yedinci ve sekizinci siniflarda bile birgok 6grencilerin cebirsel ifade
ve iligkilere gecis i¢in yeterince hazir olmadiklarin1 belirtmistir. Bir bakima sembolleri kullanma ve semboller
iizerinden diisiinmenin dogasindan kaynakli zorluga dikkat gekmistir. Ogrencilerin sembolleri anlamli bir sekilde
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kullanmaya iligskin 6nceki deneyimlerinin yetersizligi de buna eklenince, ki yapilan ¢calismada bu durum agik bir
sekilde gozlemlenmistir, uygulama siireci daha zorlasmaktadir. Bu ise bu sorunun belli bir simif seviyesinde, ne
kadar iyi planlanmis olursa olsun, yapilacak miidahalerle asilamayacagi, okul dncesinden itibaren dgrencilerin
cebirsel diisiinme agisindan bilingli bir sekilde desteklenmesi gerekliligini ortaya koymaktadir.

Elestirel diisiinme becerisi, cebirsel akil yiiriitmenin gelistirilmesinde temel bir rol oynamaktadir.
Arastirmalar, elestirel diisiinmenin, 6grencilerin matematiksel kavramlari sorgulamalarini, analiz etmelerini ve
genellemeler yapmalarini destekledigini gostermektedir (Baykul, 2009). Ancak, ¢alismadan elde edilen sonuglar
dgrencilerin bu siirecte daha fazla cesarete ve yonlendirmeye ihtiya¢ duydugu gézlemlenmistir. Ogrencilerin tiim
egitim Ogretim hayatlar1 boyunca sorgulayan, kritik eden bir yapida yetistirilmesi cebirsel akil yiirlitme
stireglerini de destekleyecektir.

Ogretmenler sadece kaliplasmis gorevlerle 6grencilerini mesgul etmekle, onlarin cebirsel diisiinme ve akil
yiirlitme becerini gelistiremezler. Bunun yerine bu ¢aligmada 6rneklendirildigi gibi gercek yasamla baglantil,
hedefleri acik (burada cebirsel akil yiiriitme bilesen/gostergeleri bunu sagladi), 6grenciyi odaga alan 6grenme
ortamlar1 tasarlamali ve uygulamalidir.

Not: Bu ¢aligsma, ikinci yazarin danigmanliginda birinci yazarin yiiksek lisans tezine dayanmaktadir.
Finansman: Bu ¢alisma i¢in herhangi bir fon bildirilmemistir.

Cikar beyami: Yazar herhangi bir ¢ikar ¢atigmasi beyan etmemektedir.
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