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Abstract: With this research, it is aimed to examine the symbol sense behaviors of 12th grade students while solving
problems in depth. For this reason, the study was designed according to the case study model, one of the qualitative research
designs. The study was conducted with three twelfth grade students in a public school in Giimiishane. In the selection of these
students, the advice of the mathematics teacher was taken into account first, and then, with an algebra test applied, the
students were divided into three levels as weak, moderate and good according to their academic achievements in algebra. The
data of the study were collected through clinical interviews, which were supported by the literature and conducted on six
problems, each of which was prepared to measure different behaviors related to symbol sense. The qualitative data collected
as a result of the interviews were analyzed using descriptive analysis technique within the conceptual framework of the
research. As a result, while the student with a good level of achievement exhibited the expected symbol sense behaviors in all
of the given problems, the students with a medium and weak level of achievement could not display the symbol sense
behaviors at the desired level for each problem.
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Oz: Bu aragtirma ile on ikinci smif 6grencilerinin problem ¢ozerken sergiledikleri sembol hissi davranislariin derinlemesine
incelenmesi amaglanmistir. Bu nedenle ¢aligma nitel arastirma desenlerinden durum galigmasi modeline gore tasarlanmustir.
Caligma, Giimiighane iline bagl bir ilgedeki devlet okulunda on ikinci sinifta 6grenim goren ti¢ 6grenci ile yiiriitiilmiistiir. Bu
ogrencilerin se¢iminde, ilk olarak matematik 6gretmenin tavsiyesi dikkate alinmig, daha sonra uygulanan bir cebir testi ile
ogrenciler, cebirdeki akademik basarilarina gore zayif, orta ve iyi olmak {izere ili¢ diizeye ayrilmistir. Arastirmanin verileri,
alan yazin destekli ve her biri sembol hissi ile ilgili farkli davraniglart 6lgmek i¢in hazirlanan alti problem {izerinden
yiriitiilen klinik miilakatlar aracilifiyla toplanmigtir. Miilakatlar sonucu toplanan nitel veriler, arastirmanin kavramsal
cercevesi dahilinde betimsel analiz teknigi kullanilarak ¢dziimlenmistir. Sonug olarak basar1 diizeyi iyi olan 6grenci verilen
problemlerin tamaminda beklenilen sembol hissi davraniglarini sergilemisken, basar1 diizeyi orta ve zayif olan 6grenciler ise
her bir problem i¢in sembol hissi davraniglarini istenilen seviyede sergileyememistir.

Anahtar Kelimeler: Sembol hissi, Problem ¢6zme, 12.sin1f 6grencileri

Tiirkge siirlim igin tiklayiniz

1. Introduction

According to Russell, mathematics is a combination of symbols and logic (Speaks, 2004). Since mathematics
is a symbolic system composed of natural language, symbols, graphics, etc., it can be accepted as a language
(Drouhard & Teppo, 2004). This is why mathematics uses symbols to reflect, express and communicate the
thinking process of people. Symbols, which are concrete examples of mathematical existence, are essential for
understanding the world, as well as being tools for people to express, calculate, reason, communicate and solve
problems (Goldin, 1987). Especially the first big step towards reasoning with symbols was taken in the context
of problem solving. Symbols, which are powerful tools for solving problems and modeling situations that we
encounter in daily life and in mathematics, are necessary in the teaching of many other areas of mathematics as
well as in the field of learning algebra, and therefore they have a very special place (Lins, 1992). In order for
students to learn algebra, they must have a deeper understanding of the use of symbols, and this deep
understanding is called the "symbol sense" (Darojaturrofiah, 2017).

Symbol sense, a logical extension of number sense (Pierce & Stacey, 2001); refers to the ability to give
meaning to symbols, expressions, and formulas and to see important structures (Arcavi, 1994, 2005; Drijvers,
2003). Symbol sense is considered an understanding of proficiency in algebra and shows a relational meaning
rather than a purely operational meaning (Jupri & Sispiyati, 2020). Fey (1990) defines symbol sense as an
intuitive understanding or insight needed to deal effectively with symbolic expressions and algebraic operations.
Keller (1993), on the other hand, defines symbol sense as a well-organized conceptual network that allows one to
associate symbolic expressions and operational features. According to Arcavi (1994), symbol sense is an
aesthetic sense or understanding for the power of symbols, in which one understands how and when symbols
should be used to show relationships, generalizations, and evidence. Arcavi (1994) stated that it would be wiser

Corresponding Author: Yasar Akkan email: akkanyasar61@hotmail.com

Citation Information: Tat, T. & Akkan, Y. (2022). Investigation of symbol sense behaviors of 12th grade students in the problem solving
process. Turkish Journal of Mathematics Education, 3(2), 1-24.


https://orcid.org/0000-0001-5323-7106
https://orcid.org/0000-0001-5323-7106
https://orcid.org/0000-0001-5323-7106
http://www.orcid.org/0000-0001-9791-8229
http://www.orcid.org/0000-0001-5323-7106

T. Tat & Y. Akkan

to focus on describing and discussing symbol sense behaviors rather than making a clear definition of the
concept of symbol sense.

Like the sense of numbers, the symbol sense is defined by behaviors or experiences that involve this sense
and help it develop (Kenney, 2008). For example, Driscoll (1999) defined symbol sense behaviors as knowing
when symbols are needed and when they are unnecessary, interpret the meaning of symbols, controlling
algebraic manipulations and predicting the result, predict algebraic representations or patterns by looking at a set
of numbers, tables, and graphs, see algebraic representations and know how to express them in tables, graphs,
and symbolic language. Pierce and Stacey (2001) expressed symbol sense behaviors as using symbols to express
relationships, develop an understanding of when to use the symbol and how to approach it in different ways,
recognize equivalent symbolic expressions, be able to interpret the meaning of symbols in a particular problem
situation or beyond. Arcavi (2005), on the other hand, explained the symbol sense behaviors as follows and
emphasized that these six behaviors are interrelated and closely related:

v Friendship with symbols: Understanding symbols and feeling the power of symbols. It is knowing how
and when symbols should be used to show hidden and invisible relationships, generalizations and other
evidence.

v' Reading and using symbolic expressions: The ability to read and also use symbols are two
complementary aspects of solving algebraic problems. It involves students' understanding of symbols
that exist when faced with algebraic problems.

v" Designing symbolic expressions: Being aware of being able to successfully organize symbolic
relationships that express verbal or graphical information needed to progress in a problem, and
designing these expressions.

v" Symbol selection: It is choosing one of the possible symbol representations for a problem, such as
assigning symbols to certain variables.

v" Checking the meanings of symbols during the execution of a procedure: Checking the meaning of
symbols before or during the execution of a procedure, solving a problem, or examining the results, and
comparing the meaning of the symbol with one's intuition about the expected result.

v' Symbol context: Recognizing that symbols can have different roles in different contexts (such as
unknown, variable, parameter).

In the international literature on symbol sense, studies carried out at primary (Lamb, Bishop, Philipp,
Schappelle, Whitacre, & Lewis, 2012; Papadopoulos, 2019), secondary (Cho & Song, 2010; Tabach, Arcavi &
Hershkowitz, 2008), high school (Kop, Janssen, Drijvers& Van Driel, 2020; Pope & Sharma, 2001) and
undergraduate levels (Kenney, 2008; Pierce & Stacey, 2004) are generally related to theoretical studies on
symbol sense (Arcavi, 1994, 2005; Fey, 1990; Jupri & Sispiyati, 2020; Keller, 1993; Yu-xin, 2002; Zhu, Hu &
Ma, 2017), practices related to symbol sense (Kenney, 2008; Kop et al., 2020; Lamb et al., 2012; Pope &
Sharma, 2001; Sugilar, Kariadinata & Sobarningsih, 2019), and the use of technological tools that are stated to
contribute to the development of symbol sense (Bokhove & Drijvers, 2010; Gierdien & Olivier, 2013; Kenney,
2008; Papadopoulos, 2019; Pierce & Stacey, 2004). In the international literature on symbol sensation, primary
school, secondary school, high school and undergraduate The studies carried out at the level are generally related
to the theoretical studies on symbol sense, with applications related to symbol sense and the use of technological
tools that are stated to contribute to the development of symbol sense. Although there are so many studies in the
international literature, there are very few studies on symbol sense in our country (Tat, 2021). For this reason, it
is thought that the study will contribute to the expansion of research on symbol sense in national and
international literature, to establish the framework for the analysis and evaluation of the symbol sense, contribute
to theoretical knowledge about symbol sense and to offer support for teacher practices regarding symbol sense
and to improve symbol sense in mathematics. In addition, according to the National Research Council [NRC]
(1989), the main goal of middle and high school mathematics should be to develop of symbol sense and to
continue the development of number sense (Keller, 1993). For this reason, studies on symbol sense at both
secondary and high school levels will contribute to the mathematics curriculum of our country. In this context,
the aim of this study is to examine the symbol sense behaviors of 12th grade students while solving problems in
depth.

2. Method
2.1. Research Design

This research, which has a qualitative research design aiming to reveal the depth of descriptions and
meanings (Biiyiikoztiirk, Kilig-Cakmak, Akgiin, Karadeniz ve Demirel, 2017 ), is a case study because the
symbol sense behaviors of 12th grade students during the problem solving process are examined in depth.
According to Creswell (2017), the case study is a qualitative research approach in which the researcher examines
one or more limited cases in time with data collection tools that include multiple sources, and defines the
situations and the themes related to the situation.
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2.2. Participants

The research was conducted with three 12th grade students of a high school in Giimiighane. The "maximum
diversity" sampling method, one of the purposive sampling methods, was used to determine the study group of
the research consisting of three students. The aim here is to create a relatively small study group and to reflect
the diversity of students who may be a party to the problem studied in this group to the maximum extent. The
aim is not to provide diversity to generalize; on the contrary, it is trying to find out whether there are common or
shared facts and differences among the various situations and to reveal the different dimensions of the problem
according. to the diversity (Yildinm & Simsek, 2005). However, the maximum diversity method aims to
discover and define the main themes that cover a large number of differences related to the event or phenomenon
being studied (Neuman, 2014). In line with this purpose, an algebra test was administered to the students, taking
into account the teacher's advice, and the students were divided into three levels according to their academic
achievements as weak, moderate and good. In the presentation of the data, code names Oz, Oo and Oi were used
to characterize the students with low, medium and good achievement levels, respectively

2.3. Data Collection Tools

In the study, the data were collected with the help of structured interview forms, which include six open-
ended problems and given in Table 1. The literature was used in the selection of these problems in which
students can exhibit six different symbol sense behaviors (Jupri & Sispiyati, 2020, 2021). Whether the problems
in this data collection tool represent the purpose to be measured, that is, whether the problems can exhibit
symbol sense behaviors during the preparation phase is determined according to expert opinion (Karasar, 1999).
The problems prepared for this purpose were shown to a mathematics educator and arrangements were made in
line with his suggestions. In addition, these prepared problems coincide with the achievements in the high school
mathematics curriculum of the Ministry of National Education. The purpose of considering the curricula and
studies in the literature is to increase the validity of the questions. In order to determine the symbol sense
behaviors of the twelfth grade students, clinical interviews were conducted with the students through structured
interview forms. Clinical interviews are interviews that are conducted to examine students' thoughts in depth.
The main purpose of this type of interview is to determine the cognitive skills of the individual and to discover
the richness of his thoughts by revealing the concepts that the individual has and the relationships between these
concepts (Zazkis & Hazzan, 1998). From students with clinical interviews; performing the task in the structured
interview form, explaining what their answer is for each task and how they arrived at this answer (think-aloud
protocol), answering any additional questions needed (“How did you do that?”, “Why?” and “Why?” Besides,
additional questions about the content of the problem) were expected.

2.4. Data Analysis

In this study, the collected data were analyzed using the descriptive analysis technique, which is one of the
analysis techniques in qualitative research methods. Descriptive analysis is the presentation of data with a
descriptive approach, by sticking to the original formats of the data in qualitative analysis, by quoting directly
from what people said, written and the contents of the documents (Kiimbetoglu, 2005). In this study, firstly, a
framework for data analysis was created within the conceptual framework of the research. Then, the data
obtained according to the general framework created in the previous stage were read and organized and the
organized data were defined. Direct dialogues are included where necessary. In the last stage, the findings were
explained and correlated. Code names (Oz, Qo, and Oi) were used to describe the participant students and the
researcher in the presentation of the data. The data obtained were classified and analyzed according to the
framework in Table 1, which was created by taking into account the indicators of symbol sense behaviors in
previous studies in the literatiire (Arcavi, 1994, 2005; Darojaturrofiah, 2017; Jupri & Sispiyati, 2020; Rini,
Hussen, Hidayati & Muttagien, 2021; Tat, 2021).

The validity of the study was handled in two ways as external validity and internal validity. In order to ensure
external validity in the study, the process of the study was explained in detail and presented in detail in the
method section. In addition, the theoretical framework was clearly presented and an opportunity for discussion
was provided. In order to ensure the internal validity of the study, a framework was created for data analysis and
the data were analyzed accordingly. However, all of the concepts in the study are explained in detail. In order to
ensure the validity of the study, a research model suitable for the determined research problem was selected and
the findings of the research were presented in this direction. Direct transfers were made from the participants.
The coding process was carried out in line with the determined theoretical framework, the coding was checked
by different researchers and the agreement between the researchers was determined as .89. It is thought that the
high level of agreement among researchers is due to the fact that the data analysis of the study was carried out
through descriptive analysis and the theoretical framework was explained in detail.




T. Tat & Y. Akkan

Table 1. Symbol sense behaviors, indicators and problems

Symbol sense behaviors and indicators The problem of symbol sense behaviors

Friendship with symbols: Knowing how and when to use
symbols; Knowing when to abandon symbols; To be able to
determine the meanings of the symbols in the problem;
Writing symbols according to their meanings in the problem;
Using symbols correctly at every step of problem solving

Problem 1: Find two positive integers whose
sum is 7 and whose product is 7.

Reading and processing symbolic expressions: Expressing

symbols in mathematical models created in the problem; Problem 255 EL“d the solution set of the
Using mathematical models to solve problems; Explain the equation 10’;+8 = 3.

meaning of the mathematical model created in the problem

Designing symbolic expressions: Associating problems with
symbols; To be able to successfully design the verbal and
graphical information necessary for the solution of the
problem.

Problem 3: Find the area of a rectangle with a
length of 8 units and a perimeter of 36 units.

Symbol selection: Choosing the right symbol to solve the
problem, Choosing the appropriate representation method of
the chosen symbol in the problem; Using the chosen method
to solve the problem.

Problem 4: Find three consecutive natural
numbers whose sum is 978.

Checking the meaning of symbols/phrases: Proving the Problem 5: Find the solution set of the
relevance of symbols used during the implementation of the equation 38 — (1 — 2x)% = 13.
problem solving procedure.

Problem 6: Find the solution set of the
Symbol Context: An explanation that the symbols used can {x +y=a

have different meanings in different problems. xX—y=5»b system of equations.

3. Findings and Discussion
The findings of the study are presented by considering six different symbol sense behaviors.
3.1. Findings on friendship behavior with symbols

Problem 1 was used to determine the friendship behaviors of students with symbols, and the solutions and
mutual dialogues of three students with different success levels are presented in Table 2.

Table 2. Solutions and dialogues for Problem 1

0 Since 7 are prime numbers in products, | know that 1 is only itself.
There can be 3 and 4 or 1 and 6 in total.

A: Is there anything you would like to add for this question?

0: So. I also like some shortcuts.

Oo: The probability of being a rational number seems high.

A: So how would you trade?

Op: Itcanbe x + y = 7 and x.y = 7. The result may be rational. But |
can't think of anything else. | leave it this way. | will not continue.

O;: Since it says two positive numbers, 1 give them an unknown. | call
someone "a", someone | call "b". Since their sum is 7, a+b=7 is also their
product 7. So a.b=7. Here | would leave one alone and write the other in
its place.

A: What will you do next?

Oj: After doing the procedures, | would go to find the root. But it
probably has no real root. | would use discriminant. There was a formula
for finding one root. I couldn't remember, but two roots would come
from that formula.

When Table 2 is examined, the student of O did not use any symbols in the solution of the problem, tried to
answer the problem by thinking arithmetic, but gave an incorrect answer. For example, Oz student thought of
two positive numbers whose product and sum are 7 as different groups of numbers. From these data obtained,
weak O student did not show friendship behavior with symbols, since he tried to produce a solution to the
problem by using both arithmetic reasoning and arithmetic representations (he does not use symbols) in the
solution of the problem, that is, the symbol sense did not develop in the context of this behavior. In addition, it
was observed that O student could not mathematically present the information he deduced from the problems




Investigation of Symbol Sense Behaviors of 12th Grade Students in the Problem Solving Process

correctly and could not think in depth algebraically in applying and interpreting the mathematical findings.
These results are similar to the study of Darojaturrofiah (2017). The O¢ student, on the other hand, used two
different symbols such as x and y while solving the problem, but could not find the numbers corresponding to
the symbols x and y. Since the Op student uses algebraic representations (symbols with letters x and y) for
unknown quantities in the problem, this student is aware of how to use symbols to solve the problem. However,
although the Og student has enough experience in showing relationships with symbols, it is understood that this
student's symbol sense is not fully developed. Because another indicator of the lack of symbol sense is that
students initially want to use algebraic symbols but are not aware of what they are looking for. The Oj student,
on the other hand, used the letters a and b to represent two unknown positive integers, and created a system of
equations as {‘t;bb—_;
to a quadratic equation with one unknown with the help of the substitution strategy, but could not reach the
solution because he could not remember the formulas required for solving the quadratic equations. The student
stated that two roots will come from the solution of this equation. In this sense, the O; student benefited from
both algebraic reasoning and algebraic representations in solving the problem. The student demonstrated the
ability to decide how and when to use symbols in the solution process, that is, one of the indicators of friendship
behavior with symbols. Instead of throwing the symbols aside, this student reduced the equation to a single

unknown by equating the expression a to %, so that he was not drowned in the system of equations. This

corresponds to the indicator of "requires knowing when to give up a symbol for a better practice”, which is one
of the indicators of friendship behavior with symbols. As a matter of fact, Arcavi (1994; 2005) emphasized that a
student with symbol sense should anticipate when he will need a symbol in the problem solving process, and on
the contrary, he should know when to give up a symbol for better manipulation. In addition, according to Arcavi
(1994; 2005), students who both know how to do algebraic manipulations and can establish the connection
between the context of the problem and the symbols they choose are students with a developed symbol sense. In
this sense, when compared to the other two students, the O; student exhibited the friendship behavior with
symbols at the expected level for this problem.

. However, the student reduced the first-degree system of equations with two unknowns

3.2. Findings on using symbolic expressions and reading behavior

Problem 2 was used to determine the students' use of symbolic expressions and reading behaviors, and the
solutions and dialogues of three different students are presented in Table 3.

Table 3. Solutions and dialogues for Problem 2

Oz: Actually, we can simplify this. But should I do it directly?
A: What do you call a shortcut?

Oz Inside-out product.

A: Does it come to you as a shortcut?

Oy: So. [After the student solves the question and finds the answer _?4 the

following dialogue takes place between the researcher and the student.]
Oz: I think I got it wrong.

A: Why did you feel you got it wrong?

Oz: | don't know, it was very strange.

A: What is the reason for coming strange?

O,: Because the rational number comes. When it is a rational number, it
seems to be wrong.

A: Do you have any other comments on this question?

0Oz: So we could actually simplify it. Because we could put it in
parentheses. We could put 10x + 8 in parenthesis 2. Let me try that.
A: What would it be like then?

Ogz: 1 think 1 made a mistake. Is there any chance of getting back to this
again by looking at the result it finds?

A: Of course. So what are you stuck on? Is it because the results are
different?

O, Yes.

Oo: Here, | used to do the inside-outside product directly.

A: If you could think of another solution here, how would you do it?
[Student examines question...]

Oo: 1 used to do the inside-outside product directly.
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Table 3 continued

O When | look at it, | see that the denominator is twice the numerator.
Then I would put the denominator in parenthesis 2.
A: Did you see this at first glance in the question?

Oi: Yes. §i\‘ =3

A: Super. 2 (s 340
Oj: What would 1 do now? Actually, the expressions 5x + 4 cancel each b——"
other out. | would take these. But é = 3 is coming. | would say that the 32—_ “ 2

solution set is the empty set. There is no empty set. There is no solution
set. So the question is wrong.

A: Did the inside-out product come to mind when you first looked at the
question?

Oi: No, it did not come.

When Table 3 was examined, it was determined that O, and Og students directly multiplied inside-out to
solve the equation. This is probably the possible solution that many students will do. In other words, both

students could not read the equation and directly manipulated the equation and reached the solution _?4 However,

both students did not control the _?4 value they obtained. In other words, O and O students automatically solved

simple algebraic equations as in problem 2 in a standard way, that is, instinctively as taught in the lesson.
However, Oz student felt that she was wrong, tried to operate by putting the denominator in parenthesis 2, got

the result of % = 3, and went further and stated that the result was 6. However, O student could not interpret

this result. In other words, the student of O, remained in contradiction in the face of the results he obtained and
he wanted to return to the solution again. In this sense, both students did algebraic operations without thinking,
but could not read the equation consisting of symbolic relations. Arcavi (1994) emphasized that more than
standard manipulations are needed to solve an algebraic equation or achieve the desired result, he stated that this
need is reading or noticing symbolic relationships, and argued that this situation is related to the development of
the symbol sense. In this sense, both O, and O students failed to read the meaning of symbolic expressions. In
other words, O, and O students do not have the understanding that "no matter what x is, the numerator is half
of the denominator, so this equation has no solution". As stated in the study of Jupri and Sispiyati (2020) for this
problem, students with low and medium achievement levels did not read the equation to understand it. On the
other hand, when the Oj student read the equation, he saw that the denominator was twice the numerator and
claimed that the equation had no solution. In other words, the O; student read the equation before performing
manipulations to solve the equation, noticed that the left side of the equation was éand the right side was equal
to 3, and stated that there was no solution. Arcavi (1994) stated that a problem requires students to understand
the problem before performing the solution process and emphasized that the goal of manipulations is to read
symbols. As a matter of fact, the O; student also exhibited a similar behavior in terms of symbol sense. In this
sense, it is understood that the O; student has the behavior of reading a symbolic expression that is related to the
symbol sense skill.

3.3. Findings on the behavior of designing symbolic expressions

Problem 3 was used to determine the behaviors of students to successfully organize or design symbolic
relationships from contexts including verbal, visual and graphical representations, and the solutions and
dialogues of three different students are presented in Table 4.

Table 4. Solutions and dialogues for Problem 3

Oy | said x to the shorter side because it said its length is 8 cm longer than its
width. Then the long side is x + 8. To find its perimeter, | add two x and two
x + 8 since there are two short sides and two long sides. This is 4x + 16 which is
equal to 36, so | found x to be 5. Then | found the side lengths of 5 and 13 and
calculated the area as 65 square units.

A: In what other way would you solve this question? Nt x4+ GeA®)+OeeR) =Lt
O: Actually, we could think of 36 as a square. | think we could have done it by Lx+lb=0%
thinking of it as a square rather than a rectangle and then adjusting those extras. ux=20

A: Can you explain this idea a little more? x:&:gﬁ&ﬂ"

Ogz: It was said in the question that its circumference is 36 units. In other words, = 512263

after dividing 36 into four as if it were a square and writing the result found on the
sides, we could adjust the extra 8. But then I think it would have taken longer.

A: Did you first think of x as unknown? Would you use another variable?

Oz: Actually, x did not come directly, but since we always wrote x for years, that
may be why.
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Table 4 continued

Oo: If its height is 8 cm longer than its width, if we call its height x + 8,
its width will be x. Their sum equals 36. [Student took action as
below...9]

Oo: From here, x is 5. Then, if we substitute 5 for x, we get a thirteen-
five rectangle. To find the area, we multiply 13 by 5 to get 65.

A: In what other way would you solve this question?

Oo: | would solve it this way again. | wouldn't have solved it any other
way. Because this way seems more precise and clear to me.

A: Did you first think of x as unknown? Would you use another
variable?

Oo: | wouldn't use any other variable. Again | would solve it using x.

l“mb:'lb
WOV
£

Oji: The first thing that came to my mind was to use x. Because in

mathematics, x is often used as an unknown. When | read the question, |

call the rectangle x in width and x + 8 in length, since its length is 8

units more than its width. I write them on the edges of this shape. He [ :
already gave us the circumference of 36 units in the question. The 43 | .
environment is the sum of them. l J

[The student found x by doing the following operation...] K

A: Yes, let's continue. savapansl 226
Oy: In other words, it is unknown 5. Since its height is 8 units more than 55 Ly 1b = 36
its width, then its length will also be 13. He asks for his field. To find the Yr=2-9
area of a rectangle, we multiply its short side by its long side. So from 5 x=83
times 13, the answer is 65 square units.

A: Did you first think of x as unknown? Would you use another
variable?

Oi: Since x is generally used as an unknown in mathematics, | also
preferred to use x.

A: In what other way would you solve this question?

Oy: 1 could use more than one unknown rather than a single unknown.
For example, if | said x in width, | would say y in length. So I could do it
this way. But | would still prefer to do the first solution.

According to the information in Table 4, it is understood that all three students have the ability to create
symbolic relationships from verbal or graphical information. All of the students tried to reach the solution by
creating symbolic expressions from verbal expressions and solving these mathematical expressions instead of
using trial and error strategy or similar strategies. For example, O student used the symbol x for the short side
length and expressed the long side as x + 8, taking into account the short side length. Then, using the expression
X+x +x+8+x+8=4x+ 16 = 36, he found x = 5 and found the area of the rectangle as 65 square units.
Oo and O; students, on the other hand, changed the verbal expression to the rectangular visual and switched to
symbolic representation by making use of the rectangle. In this sense, all three students exhibited this behavior of
symbol sense. At the same time, the ability to transform the problem situation into symbolic representation or the
mathematization process characterizes the symbol sense behavior (Jupri & Drijvers, 2016).

3.4. Findings on symbol selection behavior

Problem 4 was used to determine the students' behavior of choosing a possible symbolic representation for a
problem, and the solutions and dialogues of three different students are presented in Table 5.
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Table 5. Solutions and dialogues for Problem 4

Oz: I think it might be a number of 300 then. Or 200's.

A: Why do you think so? Or how do you intend to solve the question right
now?

Oz: | would first give x, x + 1, x +2 here.

A: What is your reason for giving this?

Oy: Because he played a number between them. There will be two

increments from the first number to the last number. So sequential, by that X)Xl , x40

logic.

A: So, are you always giving unknowns this way in consecutive numbers? X4 xAL+ x40 = B+ =93
O, Yes.

A: Do you usually use this for questions like this? 3%-2=2 s

Oy 1 use this way. 3

A: What do you usually do? ¥ =375 At2=49%

Oz: 1 would usually go for the guesswork. For example, chicks. x41=172b e

A: But if there are no options as in this question.

Ogz: It is obvious that it is sequential. Most likely, since it's 9, it's either 2
or 3. I'd go with the totals. That's how | would find it by adding the other
two numbers.

A: Which one is more practical for you?

O Solving by equation. ..

Oo: Now if I say a to the first number. The other number is a + 1. The

tati ta+1

third count, that is, the largest count, will be a + 2. [The student then finds - el R
the small, median and large number using these symbolic expressions] oo TS 2 \/"5
A: Do you always use these expressions when you are called a sequential . as
number? anz aﬁi:"u

Oo: Yes. This is what comes to my mind first. -

Oy: Since it says sequential, like 1, 2, 3. I would go from the unknown

again. If I said x to one, | would say x + 1 to the other and x + 2 to the Y4 d) HA2 =438

other. 3 *3=43¥

A: Do you always define consecutive numbers this way? 352935

Oy: Or something like x,x — 1,x +1orx,x —1,x — 2. 4= 225 326 322

A: So they can be?
Oy: Yes. Because it's sequential.

When Table 5 is examined, it can be said that all three students exhibited the behavior of choosing symbols
for the solution of a given problem situation. For example, O student reached the solution by choosing the
symbols x,x + 1, x + 2 for three consecutive numbers in the problem. However, the student of O stated that in
solving such problems, especially the elegant ones, he generally made predictions and made use of the trial and
error strategy to find solutions to the problems. Another situation that draws attention in the dialogue of the
student of O is that his student constantly chooses symbols as x, x + 1, x + 2 in such questions. In this sense, it
can be said that O, student exhibits a memorized understanding in symbol selection or does not display a
conscious symbol selection behavior. The Op student also exhibited a similar behavior to the O, student,
choosing the symbols a,a + 1,a + 2 for three consecutive numbers and chose the correct symbol for the
solution of the problem. The O¢ student also stated that he generally used these symbols in such questions. The
O student stated that both x,x + 1,x + 2 and x,x — 1,x — 2 and x,x — 1, x + 1 symbols can be chosen for the
solution of the problem. According to Arcavi (1994), symbol selection is not binding in terms of results, and the
student can choose symbols in different ways to solve the problem if he/she wishes or sees the symbol selection
insufficient. Especially students with a developed symbol sense can make more appropriate symbol selections to
simplify their calculations. In this sense, it is understood that the O; student exhibits the behavior of choosing a
possible symbolic representation for a given problem and even exhibits a more flexible and efficient symbol
selection skill than the other two students. Especially for the solution of such problems, the most useful symbol
selection is x — 1,x,x + 1, and this is closely related to the mathematization process (Jupri & Drijvers, 2016).

3.5. Findings on behavior of checking the meaning of symbols/ expressions

The solutions and dialogues of three different students related to this problem, which is designed according to
the realization feature of the need to check the meanings of symbols or mathematical expressions in the problem
solving process, are presented in Table 6.




Investigation of Symbol Sense Behaviors of 12th Grade Students in the Problem Solving Process

Table 6. Solutions and dialogues for Problem 5

A: How do you solve this problem?

Oz Right now, if we throw 13 this way, that is 38, then the
equation will be equal to zero. Now (1 — 2x)? equals 25. From
here, 1 — 2x = 5 is written. Then there is only one root of the form
x =-=2.

A: Are you sure?

Og: Yes [The student is verifying the transaction.]

A: That's your solution for this question? Will you continue?

O,: That's it.

A: How do you solve this problem?

Oo: | would distribute the minus first. No, no, | would square it
first. .

A: What will you do next?

Oo: I'm confused, that's it for me. [After doing the following
solution, the student got confused and stopped calculating before
finding x.]

A: How do you solve this problem?

Oy: First, I throw 13 to the opposite side and the square expression
to the other side.

A: Yes, let's continue.

O;: Now, since it is a square here, we will consider it as an absolute
value. So if we think about what is 25 squared, it can be —5 or +5.
We can even write it as an absolute value. [The student then found
the roots as —2 and 3 by performing the operations shown in the
figure.]

According to Jupri and Sispiyati (2020), realizing the need to control the meanings of symbols or
mathematical expressions in the problem-solving process is one of the symbol sense behaviors. In this context,
when Table 6 was examined, it was determined that the Og student tried to solve the equation by writing the
expression (1 — 2x)? directly as 1 + 4x2 — 4x, but he confused the operational processes and therefore he was
confused. Oz and O; students checked the equation and tried to solve the equation from an arithmetic point of
view. However, while the equation created by student O is 38 - ?-13 = 0, the structure created by student O;
is 38 - ? = 13. The perspective of these two students leads to the equation (1 — 2x)? = 25. However, in the
solution of this quadratic equation, while the O student obtained a single root, the O student correctly found the
roots of x = —2 and x = 3 from the equations 1 —2x = 5 and 1 — 2x = —5. In this sense, both O; and O;
students showed the behavior of proving the appropriateness of the symbols used during the implementation of
the problem solving procedure. The ability to recognize the meaning of an algebraic expression is also related to
the ability to manipulate and read symbolic expressions in problem solving, which is one of the other symbol
sense behaviors (Arcavi, 1994). As Jupri and Sispiyati (2020) stated, it is important to use such problems to
evaluate students' conceptual and relational understanding of equations. As a result of the study of Bagdat and
Anapa Saban (2014), it was seen that the students with low achievement level had the most difficulty in using
symbols and algebraic relations, and the algebraic thinking skills of the students with high achievement level
were higher than the other students. Similar results were obtained in this study. In this study, the student with a
high level of success had no difficulty in solving the algebraic equation questions, while the student with a low
level of success had difficulties. This result is similar to the result of Netriwati (2016) study, that students with
high algebraic prior knowledge can understand and solve problems accurately and fluently, while students with
low algebraic prior knowledge have difficulty in problem solving stages.

3.6. Findings on symbol context behavior

This problem, which was designed according to the ability to recognize that symbols can have different
meanings (unknown, variable, parameter, etc.), was used to determine the symbol context behavior of the
students and the solutions and dialogues of three different students are presented in Table 7.
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Table 7. Solutions and dialogues for Problem 6

Oz: Actually, we can do it with the method of destruction. [Student did the
following solution]

A: What do the letters x, y, a, b here mean to you? Are these unknown to you?
Is it a letter? Is it a number?

Oz: As if it could be a coefficient.

A: Like which ones? How about for x? What do you think for y? Can you say
for each letter one by one?

Ogz: 1 think x stands for a number here. y can also be a number. Because it's
the sum of numbers and numbers. Or the sum of a multiple. a and b stand for
numbers.

A: Then all numbers are for you...

Oz: Yes. Shouldn't it have given any number for it to be unknown?

A: Your comment is important here.

O: For example. The sum of x + y is any number 5 or 7, | don't know? So it
could be something like y = a by giving x. All numbers are unknown.

A: Can you tell me the relationship between x, y, a, b? Are these unknown to
you? Is it a letter? Is it a number?

Oo: x is unknown... y is also unknown... a and b are also unknown. All
unknown to me. [The student does something like the following after this
dialogue..]

A: What do you think of x, y, a, b here? Do you think these are unknowns,
letters or numbers?

Oj: 1 think x and y are unknown and a and b are like numbers. Usually that's
what happens all the time.

A: Is it because it usually happens or do you have a specific comment for this
question?

Oy: That is, because we always use x and y as unknowns.

A: For example, if | said x and y to the right side of the equation, and a and
b to the left side, then which unknown do you think would be?

Oi: Then 1 would see a and b as unknowns.

A: Why do you think they are unknown?

Oy: So the result is usually equal to a number. We are solving unknown
equations. The unknown is often in the equation, not the result. The result
usually equals a number. [The student does something like the following after
this dialogue...]

Students are expected to be able to distinguish between variables and parameters in order to find a solution to
this problem (Arcavi, 1994; Jupri and Sispiyati, 2020). That is, students should consider x and y as variables and
a and b as parameters. When Table 7 is examined, it is understood that all of the students solved the equation
system correctly using the elimination method. However, the weak O student stated that all symbols with letters
x,y,a and b are placeholders for numbers. The Oq student said that all symbols with letters x,y,a and b are
unknowns. In this sense, both O, and Og students are not aware that the symbols used in the context have
different meanings. O; student stated that x and y are unknowns and a and b are numbers. In fact, the O; student
stated that a and b may be unknowns depending on the problem situation. In fact, although the O student's
statements about a and b point to the concept of parameter, there is no emphasis on the concepts of variables or
parameters during the dialogue. In this sense, it can be said that not all students exhibit symbol context behavior.
However, the fact that the O; student stated that these symbols can play different roles in a different problem
showed that the student exhibited symbol context behavior, albeit a little. Arcavi (1994) stated that this behavior
related to symbol sense (anticipating the awareness that symbols can have different meanings (unknown,
variable, parameter, etc.)) will play an important role in awareness about operations involving symbols. Sfard
(1992) and Moschkovich, Schoenfield, and Arcavi (1993) emphasized that this awareness requires an
understanding of ordering the meaning differences of symbols and coping with different mathematical objects
and operations depending on the context. In this sense, it was determined that all three students had insufficient
understanding of the different meanings of letter symbols.

4. Conclusion and Recommendations

The student of Oz, who did not use any symbols in the solution of the first problem, tried to find a solution to
the problem by using both arithmetic reasoning and arithmetic representations. For this reason, the student did
not show friendship behavior with symbols, that is, the symbol sense did not develop in the context of this
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behavior. The Og student, on the other hand, used two different symbols such as x and y while solving the
problem, but could not find the numbers corresponding to the symbols x and y. Therefore, the Og student is
aware of how to use symbols to solve the problem. However, although the O¢ student has enough experience in
showing relationships with symbols, it is understood that this student's symbol sense is not fully developed. On
the other hand, the student of O; created a system of equations by using the letters a and b to represent two
unknown positive integers. The student reduced the first-degree system of equations with two unknowns to a
quadratic equation with one unknown with the help of the strategy of substitution, but could not reach the
solution because he could not remember the formulas required for solving the quadratic equations. However, the
student stated that two roots will come from the solution of this equation. In this sense, the O; student benefited
from both algebraic reasoning and algebraic representations in solving the problem. The student demonstrated
the ability to decide how and when to use symbols in the solution process, that is, one of the indicators of
friendship behavior with symbols. Instead of throwing the symbols aside, this student reduced the equation to a

single unknown by equating the expression a to %, so that he was not drowned in the system of equations. This

corresponds to the indicator of "requires knowing when to give up a symbol for a better practice", which is one
of the indicators of friendship behavior with symbols. In this sense, compared to the other two students, the
student of O; displayed the friendship behavior with symbols at the expected level for this problem.

_In the solution of the second problem, like the possible solutions that many students would probably make,
0Oz and Og students directly made inside-out multiplication to solve the equation and directly manipulated the

equation to reach the solution x = _?4 However, O student felt that she was wrong, tried to operate by putting

the denominator in parenthesis 2, got the result of % = 3, and went further and stated that the result was 6. In this

sense, both students did algebraic operations without thinking, but could not read the equation consisting of
symbolic relations. On the other hand, when the O student read the equation, he saw that the denominator was
twice the numerator and claimed that the equation had no solution. In other words, the O; student read the
equation before performing manipulations to solve the equation, noticed that the left side of the equation was

Zland the right side was equal to 3, and stated that there was no solution. In this sense, it is understood that the Oj

student has the behavior of reading a symbolic expression that is related to the symbol sense skill, while the
students of Oz and Og do not.

In the solution of the third problem, all of the students tried to reach the solution by creating symbolic
expressions from verbal expressions and solving these mathematical expressions instead of using trial-and-error
strategy or similar strategies. Og and O; students, on the other hand, changed the verbal expression to the
rectangular visual and switched to symbolic representation by making use of the rectangle. In this sense, it is
understood that all of the students exhibit the behavior of successfully arranging or designing symbolic
relationships from contexts that include representations such as verbal, visual and graphical.

Stating that problems similar (especially in the solution of the elegant ones) to the fourth problem generally
produce solutions by making estimations and utilizing trial and error strategy, student O stated that he always
prefers the symbols x, x + 1, x + 2 for three consecutive numbers in solving such problems. The O student also
exhibited a similar behavior to the O student. In this sense, it can be said that O, and Og students exhibit a
memorized understanding in symbol selection or do not exhibit a conscious symbol selection behavior.
Expressing that there may be different symbol choices (x,x + 1,x+2; x,x —1,x — 2; x,x — 1,x + 1) for the
solution of the problem, the student of O; showed more flexible and efficient symbol selection skills than the
other two students.

In the solution of the fifth problem, it was determined that the O student confused the procedural processes
with each other, therefore he experienced confusion. O and O; students checked the equation and tried to solve
the equation from an arithmetic point of view. However, while the equation created by student O is
38 - 7-13 = 0, the structure created by student Oj is 38 - ? = 13. The perspective of these two students leads
to the equation (1 — 2x)? = 25. However, in the solution of this quadratic equation, the student of O found a
single root, while the student of O; found both roots correctly. In this sense, both O and O; students showed the
behavior of proving the appropriateness of the symbols used during the implementation of the problem solving
procedure.

In the solution of the sixth problem, it is understood that the students correctly solved the system of equations
by using the whole elimination method. However, while the student O stated that all symbols with letters x,y, a
and b are placeholders for numbers, the student of O stated that all of these symbols are unknowns. In this
sense, both O, and Og students are not aware that the symbols used in the context have different meanings. o]}
student stated that x and y are unknowns and a and b are numbers. In fact, the O student stated that a and b may
be unknowns depending on the problem situation. Although the statements of the O; student about a and b point
to the concept of parameter, there is no emphasis on the concepts of variables or parameters during the dialogue.
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In this sense, it was determined that all three students had insufficient understanding of the different meanings of
letter symbols. However, the fact that the O; student stated that these symbols can play different roles in a
different problem showed that the student exhibited symbol context behavior, albeit a little.

As a result, in the context of the problems used in this study, student O; with a high level of achievement
exhibited the symbol sense behaviors at the expected level compared to the students of O, and Op, whose
achievement levels were low and moderate. As a matter of fact, in Kenney (2008) and Darojaturrofiah (2017)
studies, it was determined that students with high levels of success preferred symbols with letters in solving
problems, and that these students exhibited a large part of symbol sense behaviors in order to obtain the solution
of the given problem. In this study, only six different symbol sense behaviors of 12th grade students were
focused on equations and verbal problems. For this reason, it is important to use different types of problems in
order to determine the symbolsense behaviors of students at secondary or high school levels depending on the
relevant content of mathematics. In addition, with the equations and word problems used in this study, students
can be subjected to both formative and summative assessments.
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Problem Coézme Siirecinde 12. Simf Ogrencilerinin Sembol Hissi Davramslarinin
Incelenmesi

1. Giris

Russell’e gore matematik, sembol ile mantigin birlesimidir (Speaks, 2004). Matematik, dogal dilden,
sembollerden, grafiklerden, vb. olusmus sembolik bir sistem oldugundan bir dil olarak kabul edilebilir (Drouhard
&Teppo, 2004). Bu nedenle matematikte, insanlarin diisinme siirecini yansitmak, ifade etmek ve iletisim
kurmak icin semboller kullanir. Matematiksel varolusun somut 6rnekleri olan semboller, insanlarin problemleri
ifade etmeleri, hesaplamalari, akil yiiriitmeleri, iletmeleri ve ¢ozmeleri i¢in gerekli olan araglar (Hui, 2006)
olmalarmin yansira diinyay1 anlamak icin de cok énemlidir (Goldin, 1987). Ozellikle sembollerle akil yiiriitmeye
dogru ilk biiyilk adim problem ¢dzme baglaminda atilmistir. Giinliilk yasamda ve matematikte karsilagtigimiz
problemleri ¢6zmek ve durumlarit modellemek igin gii¢lii araglar olan semboller, cebir 6grenme alaninin yansira
matematigin diger pek ¢ok alaninin 6gretiminde de gereklidir ve bundan dolay1 ¢ok 6zel bir yere sahiptir (Lins,
1992). Ogrencilerin cebiri 6grenebilmeleri igin, sembollerin kullanimi hakkinda daha derin bir anlayisa sahip
olmalar1 gerekir ve bu derin anlayisa ise “sembol hissi” denir (Darojaturrofiah, 2017).

Say1 hissinin mantiksal bir uzantisi olan sembol hissi (Pierce & Stacey, 2001); sembollere, ifadelere ve
formiillere anlam verme ve onemli yapilari gorme yetenegini ifade eder (Arcavi, 1994, 2005; Drijvers, 2003).
Sembol hissi, cebirde yeterliligi gosteren bir anlayis olarak kabul edilir ve sadece islemsel bir anlamdan ziyade
iliskisel bir anlam gosterir (Jupri & Sispiyati, 2020). Fey (1990) sembol hissini, sembolik ifadeler ve cebirsel
islemlerle etkili bir sekilde basa ¢ikmak i¢in gereken sezgisel bir anlayis veya i¢gorii olarak tanimlamaktadir.
Keller (1993) ise sembol hissini kisinin sembolik ifadeler ve islem 6zelliklerini iliskilendirmesini saglayan iyi
organize edilmis bir kavramsal ag olarak tanimlamaktadir. Arcavi’ye (1994) goére sembol hissi; iliskileri,
genellemeleri ve kanitlart géstermek icin sembollerin nasil ve ne zaman kullanilmas1 gerektiginin anlasildigi,
sembollerin giicii igin estetik bir his veya anlayis bigimidir. Arcavi (1994) sembol hissi kavramiyla ilgili agik bir
tanim yapmak yerine sembol hissi davraniglarini tanimlamaya ve tartigmaya odaklanmanin daha akillica
oldugunu belirtmistir.

Say1 hissinde oldugu gibi sembol hissi de bu hissi igeren ve bu hissin gelisimine yardimci olan davranislar
veya deneyimler ile tamimlanmaktadir (Kenney, 2008). Ornegin, Driscoll (1999) sembol hissi davranislarini;
sembollere ne zaman ihtiyag duyuldugunu ve ne zaman gereksiz olduklarini bilme, sembollerin anlamini
yorumlayabilme, cebirsel manipiilasyonlar1 kontrol etme ve sonucu tahmin etme, bir dizi sayiya, tabloya ve
grafige bakarak cebirsel temsilleri veya oriintiileri tahmin etme, cebirsel temsilleri gorme ve bunlari tablolarda,
grafiklerde ve sembolik dilde nasil ifade edilecegini bilme olarak tanimlamigtir. Pierce ve Stacey (2001) sembol
hissi davranislaring; iligkileri ifade etmek igin sembolleri kullanma, semboliin ne zaman kullanilacagina ve
sembole farkli sekillerde nasil yaklagilacagina dair bir anlayis gelistirme, esdeger sembolik ifadeleri tanima,
belirli bir problem durumunda veya &tesinde sembollerin anlamini yorumlayabilme seklinde ifade etmistir.
Arcavi (2005) ise sembol hissi davraniglarini asagidaki gibi aciklamis ve bu alti davranist birbiriyle iliskili ve
yakindan baglantili olduguna vurgu yapmistir:

v' Sembollerle dostluk: Sembollerin anlagilmasi ve sembollerin giiciinii hissedebilmektir. Gizli ve
gorinmeyen iliskileri, genellemeleri ve diger kanitlar1 gostermek i¢in sembollerin nasil ve ne zaman
kullanilmas1 gerektigini bilme.

v Sembolik ifadeleri okuma ve kullanma: Sembolleri okuma ve ayni zamanda kullanma yetenegi, cebirsel
problemleri ¢dzmenin iki tamamlayici yoniidiir. Ogrencilerin, cebirsel problemlerle karsilastiklarinda,
var olan sembolleri anlamalari.

v Sembolik ifadeleri tasarlama: Bir problemde ilerleme saglamak i¢in gereken sozlii veya grafiksel
bilgileri ifade eden sembolik iliskileri basarili bir sekilde diizenleyebileceginin farkinda olma ve bu
ifadeleri tasarlama.

v Sembol se¢imi: Sembolleri belirli degiskenlere atama 6rneginde oldugu gibi bir problem igin olasi
sembol temsillerinden birini se¢me.

v Bir prosediiriin uygulanmasi sirasinda sembollerin anlamlarimin kontrol edilmesi: Bir prosediiriin
uygulanmasi, bir problemin ¢oziimii veya sonuglarin incelenmesi sirasinda veya oncesinde sembollerin
anlamimi kontrol etme ve sembol anlaminin kiginin beklenen sonu¢ hakkindaki sezgisiyle
karsilagtirtlmasi.

v Sembol baglami: Sembollerin farkli baglamlarda (bilinmeyen, degisken, parametre gibi) farkli rolleri
olabilecegi bilinci.

Sembol hissi iizerine uluslararasi alan yazinda ilkokul (Lamb, Bishop, Philipp, Schappelle, Whitacre &
Lewis, 2012; Papadopoulos, 2019), ortaokul (Cho & Song, 2010; Tabach, Arcavi & Hershkowitz, 2008), lise

(Kop, Janssen, Drijvers & Van Driel, 2020; Pope & Sharma, 2001) ve lisans diizeyinde (Kenney, 2008; Pierce &
Stacey, 2004) gerceklestirilen calismalar genel olarak sembol hissi ile ilgili teorik ¢aligmalarla (Arcavi, 1994,
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2005; Fey, 1990; Jupri & Sispiyati, 2020; Keller, 1993; Yu-xin, 2002; Zhu, Hu & Ma, 2017), sembol hissi ile
ilgili uygulamalarla (Kenney, 2008; Kop vd., 2020; Lamb vd., 2012; Pope & Sharma, 2001; Sugilar,
Kariadinata & Sobarningsih, 2019) ve sembol hissinin geligsimini katki saglayacagi ifade edilen teknolojik
araglarin kullanimi (Bokhove & Drijvers, 2010; Gierdien & Olivier, 2013; Kenney, 2008; Papadopoulos, 2019;
Pierce & Stacey, 2004) ile ilgilidir. Uluslararas: literatiirde bu denli ¢aligma olmasina ragmen iilkemizde sembol
hissi ile ilgili ¢ok az ¢alisma vardir (Tat, 2021). Bu nedenle ¢alismanin ulusal ve uluslararasi alanda sembol
hissiyle ilgili yapilan arastirmalarin genisletilmesine, sembol hissinin analiz ve degerlendirme ¢ergevesinin
olusturulmasina, sembol hissi ilgili teorik bilgilere katkida bulunulmasina, sembol hissi ile ilgili olarak 6gretmen
uygulamalarina ve matematikte sembol hissini gelistirmek icin destek sunmaya katki saglayacagi
diistiniilmektedir. Ayrica National Research Council [NRC] (1989) gore, ortaokul ve lise matematigin temel
hedefi sembol hissini gelistirmek ve say1 hissinin gelisimine devam etmek olmalidir (Keller, 1993). Bu nedenle
sembol hissi ile ilgili hem ortaokul hem de lise seviyesinde yapilan calismalar tilkemiz matematik 6gretim
programina katki saglayacaktir. Bu baglamda ¢aligma ile 12. sinif 6grencilerinin problem ¢6zerken sergiledikleri
sembol hissi davranislarinin derinlemesine incelenmesi amaglanmustir.

2. Yontem
2.1. Arastirmanin Deseni

Betimlemelerin ve anlamlarin derinligini ortaya ¢ikarmayi amaglayan nitel arastirma (Biyitikoztiirk, Kilig-
Cakmak, Akgiin, Karadeniz & Demirel, 2017) desenine sahip bu arastirmada, 12.sinif 6grencilerinin problem
¢ozme sirecinde sergiledikleri sembol hissi davraniglarini derinlemesine incelendiginden, aragtirma durum
calismasidir. Creswell (2017)’e gore durum calismasi; arastirmacinin zaman igerisinde sinirlandirilmis bir veya
birka¢ durumu ¢oklu kaynaklar1 igeren veri toplama araglari ile derinlemesine inceledigi, durumlarin ve duruma
bagli temalarin tanimlandigi nitel bir aragtirma yaklagimudir.

2.2. Orneklem

Arastirma, Gilimiighane ilinde yer alan bir lisenin 12. sinifinda 6grenim goren ii¢ d6grenci ile yiirtitilmstiir.
Ug 6grenciden olusan arastirmamin calisma grubunu belirlemek igin amagli &rnekleme yontemlerinden
"maksimum ¢esitlilik" 6rnekleme yontemi kullanilmistir. Buradaki amag, goreli olarak kii¢iik bir ¢alisma grubu
olusturmak ve bu grupta ¢alisilan probleme taraf olabilecek 6grencilerin ¢esitliligini maksimum derecede
yansitmaktir. Amag genelleme yapmak i¢in ¢esitliligi saglamak degildir; tam tersine ¢esitlilik gosteren durumlar
arasinda ortak ya da paylasilan olgularin ve ayriliklarin olup olmadigini bulmaya ¢alismak ve c¢esitlilige gore
problemin farkli boyutlarini ortaya koymaktir (Yildirim & Simsek, 2005). Bununla birlikte maksimum gesitlilik
yontemi, incelenen olay veya olguyla iliskili ¢ok sayida farklilifi kapsayan ana temalart kesfetmeyi ve
tanimlamay1 amaglamaktadir (Neuman, 2014). Bu amag¢ dogrultusunda dgretmenin tavsiyesi de dikkate alinarak
ogrencilere bir cebir testi uygulanmis ve dgrenciler akademik basarilarina gore zayif, orta ve iyi olmak iizere ii¢
diizeye ayrilmigtir. Verilerin sunumunda zayif, orta ve iyi basar1 diizeyindeki d6grencileri nitelemek i¢in sirastyla
0,, O, ve O; kod isimleri kullanilmistr.

2.3. Veri toplama araclari

Arastirmada veriler Tablo 1°de verilen ve agik uglu alt1 problemi igeren yapilandirilmis gériisme formlar
yardimiyla toplanmustir. Ogrencilerin alti farkli sembol hissi davramgini sergileyebilecegi bu problemlerin
seciminde alan yazindan yararlanilmistir (Jupri & Sispiyati, 2020; 2021). Hazirlanan bu veri toplama aracindaki
problemlerin 6lgiilmek istenen amaci temsil edip etmedigi yani problemlerin hazirlanma asamasinda sembol
hissi davraniglarini sergileyip sergileyemeyecegi uzman goriisiine gore saptanir (Karasar, 1999). Bu amag
dogrultusunda hazirlanan problemler bir matematik egitimcisine gosterilerek Onerileri dogrultusunda
diizenlemeler yapilmistir. Ayrica hazirlanan bu problemler MEB’in ortadgretim matematik dgretim
programlarinda yer alan kazamimlarla oOrtiismektedir. Ogretim programlarmin ve literatiirdeki calismalarin
dikkate alinmasindaki amag ise sorularin gegerligini yiikseltmektir. On ikinci sinif 6grencilerinin sembol hissi
davranislarin1 belirlemek amaciyla, 6grenciler ile yapilandirilmis goriisme formlar {izerinden klinik miilakatlar
yiriitiilmiistir. Klinik miilakat, &grencilerin disiincelerini derinlemesine incelemek amaciyla yapilan
gorlismelerdir. Bu goriisme ¢esidinin esas amaci, bireyin sahip oldugu kavramlar1 ve bu kavramlar arasindaki
iligkileri ortaya g¢ikararak bireyin biligsel becerilerini tespit etmek ve diislincelerindeki zenginligi kesfetmektir
(Zazkis & Hazzan, 1999). Klinik miilakatlar ile 6grencilerden; yapilandirilmis goriisme formundaki gorevi
yerine getirmeleri, her bir gorev i¢in cevaplarinin ne oldugunu ve bu cevaba nasil ulagtiklarini agiklamalar (sesli
diisiinme protokolii), ihtiya¢ duyulan ek sorular1 cevaplamalar1 (“Bunu nasil yaptin?”, “Ni¢in?” ve “Neden?” gibi
sorularinin yaninda problemin igerigi ile ilgili ek sorular) beklenmistir.

2.4. Verilerin analizi

Bu arastirmada, toplanan veriler, nitel aragtirma yontemlerinde yer alan analiz tekniklerinden betimsel analiz
teknigi kullanilarak ¢éziimlenmistir. Betimsel analiz; nitel ¢dziimlemelerdeki verilerin 6zgiin bigimlerine sadik
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kalinarak, kisilerin sdylediklerinden, yazdiklarindan ve dokiimanlarin iceriklerinden dogrudan alintilar yaparak,
betimsel bir yaklasimla verilerin sunumudur (Neuman oglu, 2005). Bu c¢alismada ilk once arastirmanin
kavramsal ¢ergevesi dahilinde veri analizi i¢in bir ¢ergeve olusturulmustur. Daha sonra bir dnceki agsamada
olusturulan genel ¢ergeveye gore elde edilen veriler okunarak diizenlenmis ve diizenlenen verilerin
tanimlanmigtir. Gerekli goriilen yerlerde dogrudan diyaloglara yer verilmistir. En son asamada ise bulgularin
aciklanmasi ve iliskilendirilmesi yapilmistir. Verilerin sunumunda katilimeir 6grencileri ve arastirmaciy1
nitelemek icin kod isimler (O,, O, ve O;) kullanilmistir. Elde edilen veriler, alan yazinda daha 6nce yapilan
aragtirmalardaki sembol hissi davraniglar1 gostergeleri (Arcavi, 1994, 2005; Darojaturrofiah, 2017; Jupri &
Sispiyati, 2020; Rini, Hussen, Hidayati & Muttagien, 2021; Tat, 2021) dikkate alinarak olusturulan Tablo 1° deki
cergeveye gore siniflandirilmig ve analiz edilmistir.

Tablo 1. Sembol hissi davraniglari, gostergeleri ve problemleri

Sembol hissi davranig1 ve gostergeleri Sembol hissi davranisi problemi

Sembollerle dostluk: Sembollerin nasil ve ne zaman
kullanacagini bilme; Sembolleri ne zaman terk edecegini
bilme; Problemdeki sembollerin anlamlarini belirleyebilme;
Problemdeki anlamlarina gére semboller yazma; Problem
¢ozmenin her adiminda sembolleri dogru sekilde kullanma

Problem 1: Toplamlari 7 ve garpimlari 7 olan
iki pozitif tamsay1 bulunuz.

Sembolik ifadeleri okuma ve islem yapma: Problemde

olusturulan matematiksel modellerdeki sembolleri ifade etme; . Sx+4 o

L . . . Problem 2: —— = 3 denkleminin ¢4ziim
Problemleri ¢6zmek i¢in matematiksel modeller kullanma; T T 1048
Problemde olusturulan matematiksel modelin anlamini kiimesini bulunuz.
aciklama
Sembolik ifadeleri tasarlama: Sembollerle problemleri Problem3: Boyu, eninden 8 birim uzun olan
iligkilendirme; Problemin ¢6ziimii i¢in gerekli olan sdzel ve ve ¢evresi 36 birim olan dikdoértgenin alanini
grafiksel bilgileri basarili bir gekilde tasarlayabilme bulunuz.

Sembol segimi: Problemi ¢6zmek i¢in dogru sembolii se¢gme,
Problemde secilen semboliin uygun temsil yontemini se¢gme;
Problemi ¢6zmek i¢in segilen yontemi kullanma

Problem 4: Toplamlari 978 olan ardisik ii¢
dogal say1y1 bulunuz.

Sembollerin/ifadelerin anlamlarinin kontrol edilmesi:
Problem ¢ézme prosediiriiniin uygulanmasi sirasinda
kullanilan sembollerin uygunlugunu kanitlama

Problem 5: 38 — (1 — 2x)? = 13
denkleminin ¢6ziim kiimesini bulunuz.

+y= . ..
Sembol baglam:: Kullanilan sembollerin farkli problemlerde Problem 6: {f{ _ ij/ _ Z denklem sisteminin

farkli anlamlari olacagini agiklama Kiimesini bulunus.

Calismanin gegerligi dis gegerlik ve i¢ gecerlik olarak iki sekilde ele alinmistir. Caligmada dig gegerligi
saglamak i¢in g¢aligmanin siireci detayli bir sekilde agiklanmis ve yontem boliimiinde detayli bigimde
sunulmustur. Ayrica teorik cati agikg¢a sunularak tartigma igin olanak saglanmigtir. Caligmanin i¢ gegerligini
saglamak amaciyla veri analizi i¢in bir gergeve olusturulmus ve bu dogrultuda veriler analiz edilmistir. Bununla
birlikte ¢alismada gecen kavramlarin tamami detayli bigimde agiklanmustir. Calismanin gegerligini saglamak i¢in
belirlenen arastirma problemine uygun arastirma modeli se¢ilmis ve aragtirmanin bulgulart da bu dogrultuda
sunulmustur. Katilimcilardan dogrudan aktarmalar yapilmistir. Kodlama siireci belirlenen kuramsal gergeve
dogrultusunda yapilmis, kodlamalar farkli arastirmacilar tarafindan kontrol edilmis ve arastirmacilar arasindaki
uyum .89 olarak belirlenmistir. Arastirmacilar arasindaki uyumun bu kadar yiiksek olmasi ¢alismanin veri
analizinin betimsel analiz yoluyla yapilmasindan ve kuramsal ¢er¢evenin detayli bir sekilde agiklanmasindan
kaynaklandig diistiniilmektedir.

3. Bulgular ve Tartiyma
Alt1 farkli sembol hissi davraniglar1 dikkate alinarak aragtirmanin bulgular1 sunulmustur.
3.1. Sembollerle dostluk davranmisina iliskin bulgular

Ogrencilerin sembollerle dostluk davramglarin: belirlemek igin Problem 1 kullanilmis ve basari diizeyi farkli
iic 6grenciye ait ¢oziimler ile karsilikli diyaloglar Tablo 2’de sunulmustur.
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Tablo 2. Problem 1’e iligkin ¢6ziimler ve diyaloglar

0,: Carpimlarda 7 asal say1 oldugu igin 1 ve sadece kendisidir diye
biliyorum. Toplamda da 3 ve 4 olabilir. Ya da 1 ve 6.

A: Bu soru i¢in eklemek istedigin bir sey var mi1?

O: Yani. Ben biraz kestirme yollar1 seviyorum da.

Oo: Kesirli say1 olma ihtimali yiiksek geldi.

A: Peki nasil bir iglem yapardin?

Oo: x +y = 7 ve x.y = 7 olabilir. Sonug kesirli ¢ikabilir. Ama baska
birsey gelmiyor aklima. Bu sekilde birakiyorum. Devam etmeyecegim.

Oy: Iki pozitif say1 dedigi i¢in ben bunlara bilinmeyen verirdim. Birine
“a” derdim birine “b” derdim. Toplamlar1 7 oldugu i¢in a + b = 7 aym
zamanda ¢arpimlar1 da 7’ymis. a.b = 7. Burda bir tanesini yalniz birakip
digerini yerine yazardim.

A: Daha sonra ne yapacaksin?

Oi: Islemleri yaptiktan sonra kok bulmaya giderdim. Ama bunun gergek
kokii yok herhalde. Diskriminant kullanirdim. Bir tane kok bulmak igin
formiil vardi. Hatirlayamadim ama o formiilden iki tane kok gelirdi.

Tablo 2 incelendiginde O, &grencisi problemin ¢dziimiinde herhangi bir sembol kullanmamis, problemi
aritmetiksel diisiinerek cevaplamaya calismis, ancak yanlis bir cevap vermistir. Ornegin O dgrencisi, ¢arpimlar
ve toplamlart 7 olan iki pozitif sayiy1 farkli say1 gruplart olarak diistinmiistiir. Elde edilen bu verilerden zayif
diizeydeki O 6grencisi problemin ¢dziimiinde hem aritmetik muhakeme hem de aritmetik temsillerden (sembol
kullanmadig1) yararlanarak probleme ¢ézliim iiretmeye ¢aligtigindan sembollerle dostluk davranisini géstermemis
yani bu davrams baglaminda sembol hissi gelismemistir. Ayrica Oz dgrencisi problemlerden cikardig: bilgiyi
matematiksel olarak dogru bir sekilde sunamadigi ayni zamanda matematiksel bulgulari uygulama ve
yorumlamada cebirsel olarak derinlemesine diisinemedigi gorilmiistiir. Elde edilen bu sonuglar
Darojaturrofiah’in (2017) calismastyla benzerlik gostermektedir. Og 6grencisi ise problemi ¢dzerken x ve y gibi
iki farkli sembol kullanmis ancak x ve y sembollerine karsilik gelecek sayilar1 bulamamstir. Og 6grencisi
problemdeki bilinmeyen nicelikler i¢in cebirsel temsillerden (x ve y harfli semboller) yararlandigindan, bu
ogrenci problemi ¢dzmek icin sembollerin nasil kullanilacagmin farkindadir. Ancak Og dgrencisi iliskileri
semboller ile gdsterme konusunda yeterince tecriibeye sahip olmasina ragmen bu 6grencinin sembol hissinin tam
olarak gelismedigi anlagilmaktadir. Ciinkii sembol hissi eksikliginin diger bir gostergesi de, Ogrencilerin
baslangicta cebirsel sembolleri kullanmak istemelerine ragmen ne aradiklarmin farkinda olmamalaridir. O;
Ogrencisi ise bilinmeyen iki pozitif tam sayiy1 temsil etmek amaciyla a ve b harfli sembollerini kullanmus,

{aa-!_ bb—_77 olacak sekilde bir denklem sistemi olusturmustur. Ancak 6grenci birinci dereceden iki bilinmeyenli
denklem sistemini yerine koyma stratejisi yardimiyla ikinci dereceden bir bilinmeyenli denkleme indirgemis
ancak ikinci dereceden denklemleri ¢oziimii igin gerekli olan formiilleri hatirlayamadigindan ¢oziime
ulasamamustir. Ancak dgrenci bu denklemin ¢dziimiinden iki kék gelecegini ifade etmistir. Bu anlamda O;
Ogrencisi problemin ¢oziimiinde hem cebirsel muhakemeden hem de cebirsel temsillerden yararlanmistir.
Ogrenci ¢dziim siirecinde sembollerin nasil ve ne zaman kullanilacagina karar verme becerisi yani sembollerle
dostluk davranisi gostergelerinden birini sergilemistir. Bu 6grenci sembolleri bir kenara atmak yerine a ifadesini

%’ye esitleyerek denklemi tek bir bilinmeyene indirgemis boylelikle denklem sistemi i¢inde bogulmamistir. Bu

da sembollerle dostluk davranisi gostergelerinden olan “daha iyi bir uygulama i¢in bir sembolden ne zaman
vazgecilecegini bilmeyi gerektirir” gostergesini karsilamaktadir. Nitekim Arcavi (1994; 2005) sembol hissine
sahip bir 6grencinin problemi ¢dzme siirecinde sembole ne zaman ihtiyag duyacagini sezmesi, tam tersi olarak
da, daha iyi bir manipiilasyon i¢in bir sembolden ne zaman vaz gececegini bilmesi gerektigine vurgu yapmistir.
Ayrica Arcavi (1994; 2005)’ye gore hem cebirsel manipiilasyonlarin nasil yapilacagini bilen hem de problemin
baglamu ile sectigi semboller arasindaki baglantiy1 kurabilen dgrencilerin sembol hissi gelismis 6grencilerdir. Bu
anlamda diger iki 6grenciye kiyasla O; dgrencisi sembollerle dostluk davranisim bu problem igin beklenen
diizeyde sergilemistir.

3.2. Sembolik ifadeleri kullanma ve okuma davranisina iliskin bulgular

Ogrencilerin sembolik ifadeleri kullanma ve okuma davranislarini belirlemek icin Problem 2 kullanilmis ve
ii¢ farkli 6grenciye ait ¢oziimler ile diyaloglar Tablo 3’te sunulmustur.
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Tablo 3. Problem 2’ye iligkin ¢oziimler ve diyaloglar

Oz: Bunda sadelestirme yapabiliriz aslinda. Ama direkt kisa yoldan m
yapsam?

A: Kisa yol dedigin ne?

O Icler-dislar carpimu.

A: Kisa yol olarak m1 geliyor sana?

Oz: Yani. [Ogrenci soruyu ¢oziip —4/5 cevabmi bulduktan sonra
arastirmaci ve 6grenci arasinda sdyle bir diyalog geciyor.]

Oz: Samirim yanlis buldum.

A: Neden yanlis buldugunu hissettin?

Oz: Bilmiyorum ¢ok tuhaf geldi.

A: Tuhaf gelme sebebi ne?

Oz: Kesirli geldigi i¢in. Kesirli olunca yanls gelmis gibi oluyor.

A: Bu soruyla ilgili var m1 baska bir yorumun?

Oz: Yani aslinda sadelestirebilirdik. Ciinkii, parantez icine alabilirdik.
10x + 8’1, 2 parantezine alabilirdik. Bir de dyle denesem.

A: O zaman nasil bir sey olurdu?

O2: Samirim islem hatas1 yaptim. Buldugu sonuca bakarak buna tekrar
geri donme sansim var mi1?

A: Tabi ki. Neye takildin peki? Sonuglar farkli ¢iktig icin mi?

O: Evet.

Oo: Burada ben direkt igler-dislar garpimi yapardim.

A: Burada bagka bir ¢6ziim diisiinseydin nasil yapardin?
Ogrenci soruyu inceliyor. ..

Oo: Direkt igler-diglar ¢arpimi yapardim.

Oy: Soyle bir baktigimda paydanin payin iki kat1 oldugunu gérityorum. O
zaman paydayi 2 parantezine alirdim.

A: Bunu ilk bakista gorebildin soruda?

Oi: Evet.

A: Siiper.

Oy: Simdi ne yapardim? Aslinda 5x + 4’ler birbirini gotiiriiyor. Bunlari
gotlirlirdim. Ama % = 3 geliyor. Derdim ki ¢6ziim kiimesi bos kiime.
Bos kiime yani yok. C6ziim kiimesi yok. Yani soru yanlis.

A: Igler-dislar carpinu geldi mi aklina soruya ilk baktiginda?

Oy: Yok gelmedi.

Tablo 3 incelendiginde O; ve Op dgrencilerinin denklemi ¢ozmek igin direkt olarak igler-dislar carpimi
yaptig1 belirlenmistir. Bu muhtemelen birgok &grencinin yapacagi olasi ¢oziimdiir. Yani her ki 6grenci de

denklemi okuyamamis ve dogrudan denklem iizerine manipiilasyonlar yaparak x = _?4 ¢ozlimiine ulagmislardir.

Ancak her iki 6grenci de elde ettikleri _?4 degerini kontrol etmemislerdir. Bir bagka ifade ile Oz ve Og

Ogrencileri problem 2’deki gibi basit cebirsel denklemleri standart bir sekilde yani siniflarda dgretildigi gibi
icgiidiisel olarak otomatik bir sekilde ¢ozmiistiir. Bununla birlikte O, Ogrencisi yanlis yaptigin hissetmis,

payday1 2 parantezine alarak islem yapmaya ¢alismis, % = 3 sonucunu elde etmis ve daha ileri giderek sonucun 6

oldugunu belirtmistir. Ancak O dgrencisi elde ettigi bu sonucu yorumlayamamistir. Yani Oz 6grencisi elde
ettigi sonuglar karsisinda celigki de kalmis ve ¢oziime tekrar donmek istenmistir. Bu anlamda her iki 6grenci de
hi¢ disinmeden cebirsel islemler yapmis, ancak sembolik iligkilerden meydana gelen denklemi
okuyamamisladir. Arcavi (1994) cebirsel bir denklemi ¢6zmek veya istenen sonucu elde etmek icin standart
manipiilasyonlardan fazlasina ihtiya¢ olduguna vurgu yapmis, bu ihtiyacin sembolik iligkileri okuma veya fark
etme oldugunu ifade etmis ve bu durumun ise sembol hissinin gelisimi ile ilgili oldugunu savunmustur. Bu
anlamda hem O; hem de Op 6grencisi sembolik ifadelerin anlamini okumay1 becerememistir. Yani O, ve Og
Ogrencisi “x ne olursa olsun pay, paydanin yarist oldugu i¢in bu denklemin ¢éziimii yoktur” seklindeki bir
anlayisa sahip degildir. Bu problem ig¢in Jupri ve Sispiyati (2020)’nin ¢alismasinda belirtildigi gibi basar1 diizeyi
diisiik ve orta olan grenciler denklemi anlamak icin okumamuslardir. O; 6grencisi ise denklemi okudugunda
paydanin paym iki kat1 oldugunu gérmiis ve denklemin ¢dziimii olmadigini iddia etmistir. Yani O; 6grencisi

denklem ¢6zmek i¢in manipiilasyonlar yapmadan dnce denklemi okumus, denklemin sol tarafinin % oldugunu ve

sag tarafinin ise 3'e esit oldugunu fark etmis ve ¢6ziim olmadiginmi ifade etmistir. Arcavi (1994)’ye gore
ogrencilerin bir problemin ¢dziim siirecini ger¢eklestirmeden 6nce problemi anlamalarini gerektirdigi ifade etmis
ve manipiilasyonlarin hedefinin ise sembolleri okumak olduguna vurgu yapmustir. Nitekim O; 6grencisi de
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sembol hissi baglaminda benzer bir davranis sergilemistir. Bu anlamda O; 6grencisinin sembol hissi becerisi ile
iligki olan sembolik bir ifadeyi okuma davranisina sahip oldugunu anlagilmaktadir.

3.3. Sembolik ifadeleri tasarlama davranisina iliskin bulgular

Ogrencilerin sozel, gorsel, grafiksel vb. temsilleri iceren baglamlardan sembolik iliskileri basaril bir sekilde
diizenleyebilme veya tasarlayabilme davraniglarini belirlemek i¢in Problem 3 kullanilmus ve ti¢ farkli 6grenciye
ait coztimler ile diyaloglar Tablo 4’te sunulmustur.

Tablo 4. Problem 3’¢ iliskin ¢6ziimler ve diyaloglar

Oz: Boyu eninden 8 cm uzun dedigi icin kisa olan kenara x dedim. O
zaman uzun kenar x + 8 olur. Cevresini bulmak igin iki tane kisa kenar
iki tane uzun kenar oldugu i¢in de iki tane x’i ve iki tane x + 8’i
toplarim. Bu da 4x + 16 eder ve bu da 36’ya esit oldugundan x’i 5
buldum. Daha sonra kenar uzunluklarini1 5 ve 13 bularak alani 65 birim
kare olarak hesapladim.

A: Bu soruyu baska hangi yolla ¢6zerdin?

Oz: Aslinda 36°y1 kare olarak da diisiinebilirdik. Dikdortgen degil de
kare olarak diisliniip daha sonra o fazlaliklar1 ayarlayarak da yapabilirdik
bence.

A: Biraz daha agiklayabilir misin bu diisiinceni?

Oz Cevresinin 36 birim oldugu sdyleniyordu soruda. Yani 36’y1
kareymis gibi dorde boldiikten sonra kenarlara bulunan sonuca yazdiktan
sonra fazla olan o 8’i ayarlayabilirdik. Ama o zaman bence daha uzun
siirerdi.

A: Bilinmeyen olarak aklina ilk x mi geldi? Bagska bir degisken kullanir
miydin?

Oz Aslhinda direkt x gelmedi ama yillarca hep x yazdigimiz igin, o
yiizden olabilir.

Oo: Boyu eninden 8 cm uzunsa boyuna x + 8 dersek eni x olur. Bunlarmn
toplami1 36’ya esitmis. [Ogrenci yandaki islemi yapt1.]

Oo: Buradan da x, 5 cikti. Sonra x yerine 5 yazarsak on iice-bes
dikdortgeni olustu. Alani bulmak i¢in de 13 ile 5’1 carpip sonucu 65
olarak buluruz.

A: Bu soruyu bagka hangi yolla ¢dzerdin?

Oo: Yine bu sekilde ¢ézerdim. Bagka bir yolla ¢dzmezdim. Ciinkii bu yol
bana daha kesin ve net geliyor.

A: Bilinmeyen olarak aklina ilk x mi geldi? Bagka bir degisken kullanir
miydin?

Oo: Baska bir degisken kullanmazdim. Yine x kullanarak ¢6zerdim.

O; Benim ilk o6nce direkt aklma x’i kullanmak geldi. Ciinkii
matematikte genellikle x bilinmeyen olarak kullanilir. Soruyu okuyunca
dikdortgenin enine x, boyu da eninden 8 birim fazla oldugu i¢in boyuna
da x + 8 derim. Bu seklin kenarlarina yazarim bunlari. Zaten bize
gevresini 36 birim oldugunu soruda vermis. Cevre de bunlarin
toplamudir...[Ogrenci islemleri yaparak x = 5 buldu.]

Oi: Yani bilinmeyen 5. Boyu da eninden 8 birim fazla oldugu igin o
zaman boyu da 13 olur. Alanim soruyor. Bir dikdortgenin alanini
bulurken kisa kenari ile uzun kenarini ¢arpiyoruz. Bu yiizden 5 ¢arp1
13’ten cevap 65 birim kare olur.

A: Bilinmeyen olarak aklina ilk x mi geldi? Bagka bir degisken kullanir
miydin?

Oy Genellikle matematikte bilinmeyen olarak x kullanldig1 igin ben de
x’1 kullanmayi tercih ettim.

A: Bu soruyu bagka hangi yolla ¢6zerdin?

Oi: Kenarlarma tek bir bilinmeyen degil de birden fazla bilinmeyen
kullanabilirdim. Mesela enine x dediysem boyunay derdim. Yani bu
sekilde de yapabilirdim. Ama yine de ilk ¢6ziimii yapmay1 tercih
ederdim.

Tablo 4’teki bilgilere gore ti¢ 6grenci de sozel veya grafiksel bilgilerden sembolik iligkiler olusturma
becerisine sahip olduklar1 anlagilmaktadir. Ogrencilerin tamami deneme yanilma stratejisi veya benzer stratejiler
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kullanmak yerine sozel ifadeden sembolik ifadeler olusturarak ve bu matematiksel ifadeleri ¢ozerek ¢oziime
ulagsmaya calismuslardir. Ornegin O, 6grencisi kisa kenar uzunlugu igin x semboliinii kullannus ve kisa kenar
uzunlugunu dikkate alarak uzun kenar1 x + 8 olarak ifade etmistir. Daha sonra x + x + x + 8 + x + 8 = 4x +
16 = 36 ifadesinden yararlanarak x = 5 bulmus ve dikdortgenin alanini 65 birim kare olarak bulmustur. Og ve
O; ogrencileri ise sozel ifadeyi dikdortgen gorseline cevirmis ve dikdortgenden yaralanarak sembolik temsile
gecis yapmislardir. Bu anlamda ii¢ 6grenci de sembol hissinin bu davranigini sergilemistir. Ayni zamanda
problem durumunu sembolik temsile ¢evirme becerisi veya matematiksellestirme siireci sembol hissi davranigini
karakterize etmektedir (Jupri & Drijvers, 2016).

3.4. Sembol secimi davranisina iliskin bulgular

Ogrencilerin bir problem icin olas1 bir sembolik temsili segme davranisimi belirlemek igin Problem 4
kullanilmis ve ti¢ farkli 6grenciye ait ¢oziimler ile diyaloglar Tablo 5’te sunulmustur.

Tablo 5. Problem 4’¢ iligkin ¢6ziimler ve diyaloglar

Oz: Bence 0 zaman 300’lii bir say1 olabilir. Ya da 200’lii.

A: Neden dyle diisiindiin? Ya da nasil ¢dzmeyi diisiiniiyorsun su an
soruyu?

Oz: Ben burada 6nce x, x + 1, x + 2’yi verirdim.

A: Bunu verme sebebin ne?

Og: Ciinkii aralarinda birer say1 oynadig igin. Ilk bastaki sayidan en
sondaki sayiya iki artig olacak. Yani ardisik, o mantikla.

A: Peki ardisik sayilarda hep bu sekilde mi bilinmeyenler veriyorsun?
O: Evet.

A: Genelde bu tarz sorularda bunu mu kullaniyorsun?

Oz: Bu yolu kullantyorum.

A: Genelde ne yapiyorsun?

Oz: Tahmini giderdim genelde. Siklardan mesela.

A: Ama bu soruda oldugu gibi siklar yoksa.

Oz: Ardisik oldugu belli zaten. Yiiksek ihtimalle hani 9 oldugu igin ya
2’dir ya 3’lerdendir. Hani toplamlardan giderdim. Diger iki say1y1
toplayarak o sekilde bulurdum.

A: Hangisi daha pratik peki senin igin?

0O,: Denklemle ¢Ozme...

Oo: Simdi ilk sayiya a dersem. Diger say1 a + 1 olur. Ugiincii sayrm da
yani en bilyiik sayim da a + 2 olur. [Ogrenci daha sonra bu sembolik
ifadelerden yararlanarak kiiciik, ortanca ve biiyiik say1y1 buluyor]

A: Sana ardisik say1 denildiginde hep bu ifadeleri mi kullantyorsun?
Oo: Evet. 1k aklima bu geliyor.

Oy Ardigik dedigi igin.1, 2, 3 gibi. Yine bilinmeyenden giderdim. Birine
x dersem, digerine x + 1, digerine de x + 2 derdim.

A: Peki ardisik sayilart hep bu sekilde mi tanimliyorsun?

O Yadasey, x,x —1,x + 1 veyax,x — 1,x — 2 gibi.

A: Bunlar da olabilir yani?

Oj: Evet. Ciinkii ardisik sonucta.

Tablo 5 incelendiginde ii¢ 6grencinin de verilen bir problem durumunun ¢oéziimii i¢in sembol se¢me
davramgim sergiledikleri soylenebilir. Ornegin O, &grencisi problemde ardisik ii¢ say1 igin x,x + 1,x + 2
sembollerini secerek ¢dziime ulasmustir. Ancak Oz dgrencisi bu tiir problemlerin dzellikle de sikli olanlarmn
¢oziimiinde genel olarak tahminler yiiriiterek ve deneme yanilma stratejisinden yararlanarak problemlere ¢éziim
iirettigini ifade etmistir. O dgrencisine ait diyalogda dikkate ¢eken diger bir durum ise dgrencisinin bu tarz
sorularda devamli olarak x, x + 1, x + 2 seklinde sembol se¢imi yapmasidir. Bu anlamda O, dgrencisinin
sembol se¢iminde ezber bir anlayis sergiledigi veya bilingli bir sembol se¢imi davranisi sergilemedigi
soylenebilir. Og dgrencisi de O; dgrencisine benzer bir davranis sergilemis ardisik ii¢ say1 icin a, a +1, a +
2 sembollerini secerek problemin ¢dziimii icin dogru sembol segimi gerceklestirmistir. O 6grencisi de bu tarz
sorularda genel olarak bu sembolleri kullandigimi belirtmistir. O; 6grencisi ise problemin ¢dziimii i¢in hem
x, x+1, x+2 hem x, x—1, x—2 hem de x, x —1, x + 1 sembollerinin se¢ilebilecegi ifade etmistir.
Arcavi (1994)’ye gore sembol se¢imi sonug agisindan baglayict degildir ve dgrenci isterse veya sembol se¢imini
yetersiz goriirse problemim ¢dziimii icin farkli sekillerde sembol secimleri yapabilir. Ozellikle sembol hissi
gelismis olan dgrenciler hesaplamalarini basitlestirmek icin daha uygun sembol segimleri gergeklestirebilirler.
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Bu anlamda O; 6grencisinin verilen bir problem igin olasi bir sembolik temsili segme davranisimi sergiledigi
hatta diger iki 6grenci ye gore daha esnek ve verimli sembol se¢me becerisi sergiledigi anlasilmaktadir. Ozellikle
bu tarz problemlerin ¢6ziimii i¢in en kullanighh sembol se¢imi x — 1, x, x + 1 seklinde olup bu durum
matematiksellestirme siireci ile yakindan ilgilidir (Jupri & Drijvers, 2016).

3.5. Sembollerin/ifadelerin anlamlarinin kontrol edilmesi davramsina iliskin bulgular

Problem ¢ozme siirecinde sembollerin veya matematiksel ifadelerin anlamlarin1 kontrol etme ihtiyacinin
gerceklestirilme 6zelligine gore tasarlanan bu probleme iligkin ii¢ farkli 6grenciye ait ¢éziimler ile diyaloglar
Tablo 6’da sunulmustur.

Tablo 6. Problem 5 iliskin ¢oziimler ve diyaloglar

Oz Su anda 13’ii bu tarafa yani 38’den tarafa atarsak o zaman
denklem sifira esit olur. Simdi (1 — 2x)? ifadesi 25’esit olur.
Buradan 1 — 2x = 5 yazilir. O halde x = —2 seklinde tek bir kok
bulunur.

A: Emin misin?

Ogz: Evet [Ogrenci islemin saglamasim yapiyor.]

A: Bu soru i¢in ¢6ziimiin bu kadar m1? Devam edecek misin?

O: Bu kadar.

A: Bu problemi nasil ¢6zersin

Oo: Ben ilk 6nce eksiyi dagitirdim. Yok, yok, karesini alirdim ilk. .
A: Devaminda ne yapacaksin.

Oo: Kafam karisti, benden bu kadar... [Ogrenci yandaki ¢oziimii
yaptiktan sonra dgrencinin kafast karistt ve x’i bulamadan islem
yapmay1 birakti. ]

A: Bu problemi nasil ¢ozersin?

Oy: Tlk 6nce 13°ii kars tarafa kareli ifadeyi de diger tarafa atarim.

A: Evet, devam edelim.

Oy Simdi burada kare oldugu igin mutlak deger olarak diisiinecegiz
bunu. Yani neyin karesi 25 eder diye diisiiniirsek -5 de olabilir +5
de olabilir. Hatta mutlak deger seklinde de yazabiliriz... [Ogrenci
daha sonra sekilde goriilen iglemleri yaparak kokleri -2 ve 3 olarak
bulmustur.]

Jupri ve Sispiyati (2020)’ye goére problem ¢6zme siirecinde sembollerin veya matematiksel ifadelerin
anlamlarimi kontrol etme ihtiyacinin gergeklestirilme sembol hissi davraniglarindan biridir. Bu baglamda Tablo 6
incelendiginde Og 6grencisinin (1 — 2x)? ifadesini dogrudan 1 + 4x? — 4x seklinde yazarak denklemi ¢ézmeye
calistig1 ancak islemsel siirecleri birbirine karistirdig1 bu nedenle kafa karisiklig1 yasadigi belirlenmistir. O, ve
Oj égrencileri ise denklemi kontrol etmis ve aritmetik bir bakis acisiyla denklemi ¢ozmeye ¢aligmustir. Fakat Oy
dgrencisinin olusturdugu denklem 38 — ? — 13 = 0 seklinde iken O; 6grencisinin olusturdugu yap1 38 — ? = 13
seklindedir. Bu iki 6grencinin bakis acis1 (1 — 2x)? = 25 denklemine gotiirmektedir. Ancak ikinci dereceden bu
denklemin ¢dziimiinde O; dgrencisi tek bir kok elde etmisken, O; 6grencisi ise 1 —2x =5 ve 1 —2x = =5
denklemlerinden x = —2 ve x = 3 koklerini dogru bir sekilde bulmustur. Bu anlamda hem O; hem de O;
Ogrencileri problem ¢6zme prosediiriiniin uygulanmasi sirasinda kullanilan sembollerin uygunlugunu kanitlama
davranisini sergilemiglerdir. Bir cebirsel ifadenin anlami fark etme becerisi diger sembol hissi davraniglarindan
biri olan problem ¢dzmede sembolik ifadeleri manipiile etme ve okuma becerisi ile de iligkilidir (Arcavi, 1994).
Jupri ve Sispiyati (2020)’nin de belirttigi gibi 6grencilerin denklemler {izerindeki kavramsal ve iliskisel
anlayigini degerlendirmek i¢in bu tiir problemleri kullanmak 6nemlidir. Bagdat ve Anapa Saban’in (2014)
caligmasinin sonucunda, basar1 diizeyi diisiik olan 6grencilerin en ¢ok zorlandiklart becerinin sembolleri ve
cebirsel iligkileri kullanma becerisi oldugu, basar1 diizeyi yiiksek olan Ogrencilerin cebirsel diigiinme
becerilerinin diger Ogrencilere gore daha yiiksek oldugu goriilmiistir. Bu caligmada da benzer sonuglara
ulagilmigtir. Bu g¢aligmada basar1 diizeyi yiiksek olan 6grenci cebirsel denklem, sorularini ¢ozerken zorluk
yasamazken basar1 diizeyi diisiik olan 6grenci zorluk yasamistir. Bu sonug¢ Netriwati (2016) ¢aligmasinin bir
sonucu olan cebirsel 6n bilgileri yiiksek olan &grencilerin problemleri dogru ve akici bir sekilde anlayip
¢ozebildikleri, cebirsel 6n bilgileri diisiik olan 6grencilerin ise problem ¢ézme asamalarinda zorlandiklari
sonucuyla benzerlik gostermektedir.

3.6. Sembol baglam davranisina iliskin bulgular

Sembollerin farkli anlamlar1 (bilinmeyen, degisken, parametre, vb.) olabileceginin farkina varma ozelligine
gore tasarlanan bu problem, dgrencilerin sembol baglami davranigini belirlemek i¢in kullanilmig ve ii¢ farkl
Ogrenciye ait ¢dziimler ile diyaloglar Tablo 7°de sunulmustur.

20



Problem Cézme Siirecinde 12. Stnif Ogrencilerinin Sembol Hissi Davramislarinin Incelenmesi

Tablo 7. Problem 6 iligkin ¢6ziimler ve diyaloglar

Oz: Yok etme metodu ile yapabiliriz aslinda. [Ogrenci yandaki islemleri
yapti.]

A: Buradaki x, y, a, b harfleri sana ne ifade ediyor? Bunlar sence
bilinmeyen midir? Harf midir? Say1 midir?

Og: Sanki katsay1 da olabilir.

A: Hangileri mesela? x i¢in ne dersin? y i¢in ne dersin? Tek tek her harf
icin sOyler misin?

Oz: x bence burada bir sayinin yerini tutuyor. y de say1 olabilir. Ciinkii
say1 ve sayl1 toplami. Ya da bir katin toplami. a ve b sayilarin yerini
tutuyor.

A: O halde hepsi say1 sana gore...

Og: Evet. Bilinmeyen olmast i¢in herhangi bir say1y1 vermesi gerekmez
miydi?

A: Senin yorumun 6nemli burada.

Oz: Mesela. x + y’nin toplami herhangi bir say1 5 ya da 7, ne bileyim? x’i
verip y = a tarzinda bir sey olabilirdi yani. Hepsi say1 bilinmeyen yok.

A: Bana x, y, a, b arasindaki iligkiyi soyler misin? Bunlar sence
bilinmeyen midir? Harf midir? Say1 midir?

Oo: x bilinmeyen... y de bilinmeyen... a ve b de bilinmeyen. Hepsi
bilinmeyen benim igin. [Ogrenci bu diyalogdan sonra yandaki gibi bir
islem yapryor...]

A: Burada x, y, a, b hakkinda ne diigiiniiyorsun? Sence bunlar bilinmeyen
mi, harf mi, say1 m1?

Oi: Bence x ve y bilinmeyen de a ve b bir say1 gibi. Genellikle hep dyle
oluyor ya.

A: Genellikle hep oldugu i¢in mi dyle yoksa bu soru i¢in 6zel bir yorumun
var m1? J
Or: Yani genellikle biz hep bilinmeyen olarak x ve y yi kullandigimiz igin. =
A: Ben mesela denklemin sag tarafina x ve y deseydim sol tarafina a ve b | 24
deseydim o zaman hangisi bilinmeyen olurdu sence?

Oy: O zaman a ve b bilinmeyen olarak goriirdiim.

A: Neden peki onlar bilinmeyen sence?

Oi: Yani sonug genellikle bir sayiya esit oluyor. Bilinmeyen hani denklem
¢oziliyoruz ya. Bilinmeyen genellikle denklemin sonucunda degil de iginde
oluyor. Sonug genellikle bir say1ya esit oluyor. [Ogrenci bu diyalogdan
sonra yandaki gibi bir iglem yapiyor...]

Bu probleme dgrencilerin ¢éziim bulmasi i¢in degiskenler ve parametreler arasinda ayrim yapabilmeleri
beklenmektedir (Arcavi, 1994; Jupri & Sispiyati, 2020). Yani 6grenciler x ve y' yi degisken, a ve b'yi parametre
olarak diisinmelidir. Tablo 7 incelendiginde 6grencilerinin tamaminin yok etme y6ntemini kullanarak denklem
sistemini dogru bir sekilde ¢ozdiikleri anlasilmaktadir. Ancak zayif duzeydekl O dgrencisi x,y,a ve b harfli
sembollerinin tamaminin sayilar igin yer tutucular oldugunu ifade etmistir. Og ogrencisi ise x,y,a ve b harfli
sembollerinin tamaminin bilinmeyenler oldugunu sdylemistir. Bu anlamda hem Oz hem de O &grencisi
baglamda kullanilan sembollerin farkli anlamlara sahip olduklarinin farkinda degildir. O; 8grencisi ise x ve y’nin
bilinmeyenler a ve b’nin ise sayilar oldugunu ifade etmistir. Hatta O; dgrencisi problem durumuna gore a ve
b’nin bilinmeyenler olabilecegini belirtmistir. Aslinda O; 6grencisinin a ve b ile ilgili ifadeleri parametre
kavramina isaret etse de diyalog esnasinda ne degisken ne de parametre kavramlarina vurgu yoktur. Bu anlamda
tiim ogrencilerin “sembol baglam1” davranisini sergilemedigi sdylenebilir. Ancak O; 6grencisinin farkli bir
problem de bu sembollerin farkli roller alabilecegini ifade etmesi az da olsa Ggrencinin sembol baglami
davranisini sergiledigini gostermistir. Arcavi (1994) sembol hissi ile ilgili bu davranisin (sembollerin farkli
anlamlar1 (bilinmeyen, degisken, parametre, vb.) olabileceginin farkina 6ngdérme) 6zellikle sembolleri iceren
islemlerle ilgili farkindalikta dnemli roller oynayacagin belirtmistir. Sfard(1992) ve Moschkovich, Schoenfield
ve Arcavi (1993) ise bu farkindaligin, igerige bagl olarak sembollerin anlam farkliliklarini bir diizene sokma ve
farkli matematiksel nesne ve islemlerle basa ¢ikma anlayisini gerektirdigine vurgu yapmislardir. Bu anlamda ¢
6grencinin de harfli sembollerin farkli anlamlari ile ilgili anlayislarinin yetersiz oldugu tespit edilmistir.

4. Sonuc ve Oneriler

Birinci problemin ¢dziimiinde herhangi bir sembol kullanmayan O dgrencisi problemin ¢dziimiinde hem
aritmetik muhakemeden hem de aritmetik temsillerden yararlanarak probleme ¢oziim iiretmeye calistigindan
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sembollerle dostluk davranisimi gdstermemis yani bu davranis baglaminda sembol hissi gelismemistir. Ogp
Ogrencisi ise problemi ¢dzerken x ve y gibi iki farkli sembol kullanmig ancak x ve y sembollerine kargilik
gelecek sayilar1 bulamamistir. Bu nedenle Og 6grencisi problemi ¢ézmek igin sembollerin nasil kullanilacagmin
farkindadir. Ancak Op 6grencisi iliskileri semboller ile gosterme konusunda yeterince tecriibeye sahip olmasina
ragmen bu 6grencinin sembol hissinin tam olarak gelismedigi anlasilmaktadir. O; 6grencisi ise bilinmeyen iKi
pozitif tam sayiy1 temsil etmek amaciyla a ve b harfli sembollerini kullanarak denklem sistemi olusturmustur.
Ancak 6grenci birinci dereceden iki bilinmeyenli denklem sistemini yerine koyma stratejisi yardimiyla ikinci
dereceden bir bilinmeyenli denkleme indirgemis ancak ikinci dereceden denklemleri ¢oziimii i¢in gerekli olan
formiilleri hatirlayamadigindan ¢oziime ulasamamustir. Ancak O6grenci bu denklemin ¢oziimiinden iki kok
gelecegini ifade etmistir. Bu anlamda O; &grencisi problemin ¢dziimiinde hem cebirsel muhakemeden hem de
cebirsel temsillerden yararlanmgtir. Ogrenci ¢dziim siirecinde sembollerin nasil ve ne zaman kullanilacagina
karar verme becerisi yani sembollerle dostluk davranisi gostergelerinden birini sergilemistir. Bu 6grenci

sembolleri bir kenara atmak yerine a ifadesini %’ye esitleyerek denklemi tek bir bilinmeyene indirgemis

boylelikle denklem sistemi iginde bogulmamistir. Bu da sembollerle dostluk davranisi gostergelerinden olan
“daha iyi bir uygulama igin bir sembolden ne zaman vazgegilecegini bilmeyi gerektirir” gdstergesini
karsilamaktadir. Bu anlamda diger iki 6grenciye kiyasla O; 6grencisi sembollerle dostluk davranisini bu problem
i¢in beklenen diizeyde sergilemistir.

Ikinci problemin ¢oziimiinde, muhtemelen birgok &grencinin yapacagi olasi ¢oziimler gibi Oy ve Oq
ogrencileri de denklemi ¢ozmek icin direkt olarak igler-dislar ¢arpim yapnmus ve dogrudan denklem {izerine

manipiilasyonlar yaparak x = _?4 ¢dziimiine ulasmislardir. Bununla birlikte O, &grencisi yanlis yaptigin

hissetmis, payday1 2 parantezine alarak islem yapmaya calismus, § = 3 sonucunu elde etmis ve daha ileri giderek

sonucun 6 oldugunu belirtmistir. Bu anlamda her iki 6grenci de hi¢ diisinmeden cebirsel islemler yapmus, ancak
sembolik iliskilerden meydana gelen denklemi okuyamamusladir. O; &6grencisi ise denklemi okudugunda
paydanin paymn iki kat1 oldugunu gérmiis ve denklemin ¢6ziimii olmadigini iddia etmistir. Yani Oy 6grencisi

denklem ¢6zmek i¢in manipiilasyonlar yapmadan dnce denklemi okumus, denklemin sol tarafinin % oldugunu ve

sag tarafimin ise 3'e esit oldugunu fark etmis ve ¢dziim olmadigim ifade etmistir. Bu anlamda O; 6grencisigjn
sembol hissi becerisi ile iliski olan sembolik bir ifadeyi okuma davranigsina sahip oldugu, Oz ve Og
ogrencilerinin ise sahip olmadiklart anlagilmaktadir.

Ucgiincii problemin ¢dziimiinde ogrencilerin tamami deneme yanilma stratejisi veya benzer stratejiler
kullanmak yerine sozel ifadeden sembolik ifadeler olusturarak ve bu matematiksel ifadeleri ¢ozerek ¢oziime
ulasmaya ¢alismislardir. Og ve O; 6grencileri ise sdzel ifadeyi dikdortgen gorseline cevirmis ve dikdortgenden
yaralanarak sembolik temsile gecis yapmuslardir. Bu anlamda &grencilerin tamami sdzel, gorsel, grafiksel vb.
temsilleri igeren baglamlardan sembolik iligkileri basarili bir sekilde diizenleyebilme veya tasarlayabilme
davranigini sergiledikleri anlagilmaktadir.

Dordiincti probleme benzer tarzdaki problemlerin ozellikle de sikli olanlarin ¢dziimiinde genel olarak
tahminler yiiriiterek ve deneme yanilma stratejisinden yararlanarak problemlere ¢dziim iirettigini ifade eden O
ogrencisi, bu tarz problemlerin ¢dziimiinde devamli olarak ardisik ti¢ say1 igin x,x + 1,x + 2 sembollerini tercih
ettigini belirtmistir. Og dgrencisi de O 6grencisine benzer bir davranis sergilemistir. Bu anlamda O; ve Og
ogrencileri sembol seciminde ezber bir anlayis sergiledigi veya bilingli bir sembol se¢imi davranisi sergilemedigi
sOylenebilir. Problemin ¢oziimil i¢in farkli sekillerde sembol segimleri (x, x +1, x+2 ; x, x—1, x — 2 ;
x, x — 1, x + 1) olabilecegini belirten O; dgrencisinin diger iki 6grenci ye gore daha esnek ve verimli sembol
secme becerisi sergiledigi anlasilmaktadir.

Besinci problemin ¢oziimiinde Og dgrencisinin islemsel siirecleri birbirine karistirdigi bu nedenle kafa
karisiklig1 yasadig belirlenmistir. O, ve Oy 6grencileri ise denklemi kontrol etmis ve aritmetik bir bakis agisiyla
denklemi ¢6zmeye calismustir. Fakat O, dgrencisinin olusturdugu yap:r 38 — ? — 13 = 0 seklinde iken O
ogrencisinin olusturdugu yap1 38 — ? = 13 seklindedir. Bu iki dgrencinin bakis agis1 (1 — 2x)? = 25 denklemine
gotiirmektedir. Ancak ikinci dereceden bu denklemin ¢dziimiinde O, ogren0151 tek bir kok elde etmisken, Oj
dgrencisi ise her iki kokii dogru bir sekilde bulmustur. Bu anlamda hem O hem de O; 6grencileri problem
¢ozme prosediiriiniin uygulanmasi sirasinda kullanilan sembollerin uygunlugunu kanitlama davranisin
sergilemislerdir.

Altinci problemin ¢dziimiinde dgrencilerin tamami yok etme yontemini kullanarak denklem sistemini dogru
bir sekilde ¢ozdiikleri anlasiimaktadir. Ancak O dgrencisi x,y, a ve b harfli sembollerinin tamaminin sayilar
i¢in yer tutucular oldugunu ifade etmisken, Op 6grencisi ise bu sembollerinin tamaminin bilinmeyenler oldugunu
sdylemistir. Bu anlamda hem O; hem de Og 6grencisi baglamda kullamlan sembollerin farkli anlamlara sahip
olduklarinin farkinda degildir. O; 6grencisi ise x Ve y’nin bilinmeyenler a ve b’nin ise sayilar oldugunu ifade
etmistir. Hatta O; dgrencisi problem durumuna gore a ve b’ nin bilinmeyenler olabilecegini belirtmistir. Aslinda
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Oj égrencisinin a ve b ile ilgili ifadeleri parametre kavramina isaret etse de diyalog esnasinda ne degisken ne de
parametre kavramlarina vurgu yoktur. Bu anlamda ii¢ 6grencinin de harfli sembollerin farkli anlamlari ile ilgili
anlayislarmin yetersiz oldugu tespit edilmistir. Ancak O 6grencisinin farkli bir problem de bu sembollerin farkl
roller alabilecegini ifade etmesi az da olsa 6grencinin sembol baglami davranigin sergiledigini gostermistir.

Sonug olarak bu galismada kullamlan problemler baglaminda basar1 diizeyi yiiksek olan O; dgrencisi basari
diizeyleri zayif ve orta diizeyde olan Oz ve Og 6grencilerine kiyasla sembol hissi davranislari beklenen
diizeyde sergilemistir. Nitekim Kenney (2008) ve Darojaturrofiah (2017) calismalarinda basar1 diizeyi yiiksek
olan dgrencilerin problemlerin ¢oziimiinde harfli sembolleri tercih ettikleri, bu dgrencilerin verilen problemin
¢Oziimiinii elde etmek igin sembol hissi davranislarinin biiyiik bir boliimiinii sergiledikleri tespit edilmistir. Bu
calismada sadece 12.sinif 6grencilerin alt1 farkli sembol hissi davranisina denklem ve sozel problemler iizerinden
odaklanilmistir. Bu nedenle matematigin ilgili igerigine bagli olarak ortaokul veya lise diizeylerindeki
ogrencilerin sembol hissi davraniglarini belirlemek amaciyla farkli problem tiirlerinden yararlanilmasini
onemlidir. Ayrica bu ¢alismada kullanilan denklem ve sdzel problemler ile 6grenciler hem bigimlendirici hem de
Ozetleyici degerlendirmeler tabi tutulabilir.
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