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Introduction

Studies focusing on how the knowledge is constructed in the human mind and how the learning
environment should be shaped accordingly have led to the emergence of several teaching methods,
approaches and theories. One of these theories is the theory of didactical situations (TDS), also known
as the theory of mathematics learning environments, developed by Guy Brousseau in 1998. This
pedagogical theory considers effective teaching methods and how teaching should be designed
according to individuals, environments and conditions. It models the roles and function of elements
such as teachers, students, mathematical knowledge and learning environments. According to this
theory, teachers’ didactic intention is specific to the information production process of the class, and
also connects the cultural knowledge with the produced knowledge.TDS aims to understand, interpret
and improve mathematics education activities. It postulates various explanations about what happens in
the learning process. This theory, from a constructivist approach, deals with how learning environments
play a role in learning in mathematics classrooms (Erdogan & Ozdemir Erdogan, 2013). According to TDS,
a learning environment is the collection of the activities in which students construct new knowledge by
using their previous knowledge to achieve objectives. Brousseau (2002) identified three different
learning environments that are didactic, non-didactic and adidactic.

Didactic environments are learning environments in which teachers express intentions, prepare and
implement students’ knowledge to add to it, and students are aware of the teachers’ intentions. In such
environments, the teacher plays an active role and students are encouraged to learn by carrying out all
their learning activities in classrooms (Altundag, 2010; Bessot, 1994). In such environments, teachers
tend to intervene in lesson content and students’ behavior.

Nondidactic environments are defined as natural environments in which there are no education
activities, but still learning occurs as a result of experiences in an environment that is not designed for
education.

Adidactic environments are learning environments in which teachers assign the full responsibility of
learning to the students by hiding their didactic intentions. The students are aware of the teaching, but
not informed about the target objective. In adidactic learning environments, teachers guide the learning
process by designing the learning environment rather than transferring knowledge. It is intended for
students to attain the target objective by designing a milieu in accordance with the characteristics of an
adidactic learning environment. Milieu is defined as medium in terms of meaning. All components
(teacher, student, problem, resource, etc.) in the learning environment and all the situations arising
from the interaction of these components are in milieu. Brousseau (2002) defines the milieu more
generally as “everything that affects students and everything that students affect during the learning
process.” In order to construct it. It is suggested to benefit from problems or games (Samaniego &
Barrera, 1999) since students enjoy games and sports activities in accordance with their physical
development, they enjoy thinking about problems in accordance with their mental development
(Skemp, 1993) and they interact with a milieu to solve the problem or find the winning strategy and
obtain knowledge from the environment by feedback (Brousseau, 2002). In learning environments
where students’ knowledge creation activities occur independently of mediation by the teacher,
learning is perceived as a cognitive process in line with the interactions between students and the
environment rather than the student and schooling. For example, in the training process of the division
algorithm, if the teacher directly transfers the knowledge to the students, the teaching takes place in a
didactic learning environment. At the end of the grocery shopping where there is no learning purpose,
20.00 liras remained. While the remaining 20.00 liras are equally distributed among the three friends
with money, it can be noticed that 20.00 liras are not divided into 3 with remaining 2.00 liras. Such
situations that can be encountered in everyday life show that learning takes place in non-didactic
learning environments. In the adidactic environment, the game "Race to 20" is designed for the division
(Brousseau, 2002). 1 or 2 is added to the game starting with 1 or 2. In this environment, the strategy
which will win the game to reach 20 is 2 more of any multiplier of 3. It is discovered by the students
without the informative and guiding intervention of the teacher.
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According to Brousseau (2002), five stages are necessary to construct knowledge in an adidactic
learning environment. In the devolution stage, which starts with informing students about their tasks
and assigning the responsibility to the students, the problem is presented, and the students are
motivated to solve it. The students with the responsibility of learning achieve the action stage by
interacting with the environment in order to solve the problem or develop and implement strategies to
win the game. However, the students are not fully aware of the knowledge that they obtain at this stage
and do not share the knowledge with others in the environment. The hidden knowledge that students
obtain through trial-and-error or other methods is shared with other members of the environment in
verbal or written form in the formulation stage. The correctness of the students’ new knowledge
acquired by getting their previous knowledge is tested in the validation stage. In this stage, if knowledge
is thought to be incorrect, it is corrected or changed according to feedback from the environment. If
knowledge is thought to be correct, it is accepted. At the end of this stage, the consensus among group
members leads to the construction of informal knowledge. In the institutionalization stage, informal
knowledge that is ascertained to be correct is given a theoretical status by being expressed in
mathematical language by the teacher. Adidactic learning environments differ from other learning
environments in terms of this stage (Brousseau, 2002; Samaniego & Barrera, 1999). Considering the
characteristics of the stages, teachers ensure the active participation of the students by taking roles only
in the first and last stages.

Studies of teaching concepts in adidactic environments show that students who study individually
are more successful than the students who study in groups (Altundag, 2010; Arslan, Baran & Okumus,
2011; Arslan, Taskin & Kirman Bilgin, 2015; Erdogan, Gok & Bozkir 2014; Manno, 2006; Semeradova,
2015; Sadovsky & Sessa, 2005; Spagnolo &Di Paola, 2009). Studies of mathematical process skills (Celik,
Giiler, Bilbiil & Ozmen, 2015; Erdogan & Ozdemir Erdogan, 2013; Eriimit, Arslan & Eriimit, 2012) show
that adidactic learning environments contribute to the development of problem-solving skills.In a study
(Masgval, 2009) with three teacher candidates in a teacher-generated adidactic learning environment,
they did not understand the difference between the formulas which confirm some values of those
candidates and the general terms which are created by using structural relations in geometric models.
Masgval (2009) stated that candidates' lack of prior knowledge about triangular numbers prevented
them from coping with adidactic conditions. However, with the integration of technology into learning
environments, this problem has been eliminated (Mackrell, Maschietto & Soury-Lavergne, 2013;
Sollervall &de La Iglesia, 2015).

Students need to receive feedback about their achievement and development especially when
learning new and difficult topics (Zuljan, Peklaj, Pecjak, Puklek & Kalin, 2012). The studies of adidactic
learning environments report that this need is met with feedback from the milieu, and that interaction
with the milieu positively affects learning by increasing interest and motivation (Altundag, 2010;
Brousseau, 2002; Hersant & Perrin-Glorian, 2005; Sensevy, Schubauer-Leoni, Mercier, Ligozat & Perrot,
2005; Vankus, 2005). In the adidactic learning environments, learner motivates himself/herself to learn
without intervention. Thus, it adds flexibility to the learning process by eliminating systematic
constraints such as didactic engineering (Artigue, 2009; Gonzalez-Martin, Bloch, Durand-Guerrier &
Maschietto, 2014) and didactic contract (Laborde & Perrin-Glorian, 2005; Putra, 2016; Sarrazy, 2002;
Yavuz & Kepceoglu, 2016). It is expected that in such an environment where the student has
responsibility of learning, the student should control their own learning activities. In this respect, it is
known that meaningful learning takes place with self-regulation skills (Alct & Altun, 2007; Arsal, 2009;
Ciltas 2011; Haslaman & Askar, 2007; Leung & Chan, 1998; Malpass, O'Neil & Hocevar, 1999; Uredi &
Uredi, 2007; Zimmerman, 2002). Therefore, in an adidactic learning environment; conceptual
information about the concept of function which has a low level of learning due to the abstract thought
it contains can be established (Dikici & isleyen, 2004; Dikkartin Ovez, 2012; Narli & Baser, 2008; Tatar &
Dikici, 2008; Ural, 2006). The construction of the concept of functions, one of the basic concepts of
mathematics, makes it easier to construct other concepts for which functions are a prerequisite (Altun,
2016), and it facilitates understanding other related mathematical concepts. For this reason, it is
considered that teaching activities related to function concept in adidactic environments will contribute
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to students' attitudes towards mathematics and mathematics success. Therefore, this study focused on
adidactic learning environment which is compatible with the approach of the instructional program
(Gomleksiz, 2005). It is considered important in terms of investigating what happened in the
mathematical learning environment and to resolve the limitations of the didactic environments. In this
study, classroom activities have been worked in effective problem solving process (Karatas & Giiven,
2004; Olkun & Toluk Ugar, 2006; Polya, 1981; Schoenfeld, 1985; Soylu & Soylu, 2006), and the
interaction of students with miliue has been examined in detail. In addition, examples of collaborative
and individual learning were also presented by including both individual and group work in the study.
This study investigates the learning of the concept of functions in an adidactic learning environment. Its
research question was: How do students learn the concept of functions in an adidactic learning
environment?

Method
Research Design

The qualitative study was designed as a case study. A case study is defined as the in-depth
investigation of one or more cases and is used to define the details that form the case and to evaluate
the case by explaining it (Buyukozturk, Kiig Cakmak, Akgiin, Karadeniz & Demirel, 2008). Case study was
used because this study was intended to examine the classroom environment in depth. Since it was
carried out in only one of the classrooms of a school, it was designed as a holistic single case study.
Holistic single case studies analyze a single unit such as an individual, institution, curriculum, or school
(Yildirim & Simsek, 2013).

Study Group

The participants were selected by appropriate sampling and consisted of a total of 33 ninth grade
students (18 female and 15 male) from an Anatolian high school in Balikesir. These students were in the
same class. They and their math teacher were volunteers to participate in the research. The reason for
choosing the appropriate sampling method in the research is to have an easily accessible group without
any time or labor limitations.As the aim was to create adidactic learning environment by conducting
group work in the study, it was important to have volunteering teachers and students. For this reason,
the study was conducted with 33 volunteer students studying at the relevant school. These students
who voluntarily participated in the study worked in groups in the action, formulation and validation
stages of the adidactic environment. While groups were being formed, it was ensured that at least one
student was found in each group from the students whose average grade of mathematics course of the
first semester was 85-100. In addition, group achievement averages determined by the grade averages
of the students in the group were taken into consideration. The achievement averages of the groups
formed are given in Table 1.

Table 1.

Groups and The Average Grade of First Semester Mathematics Course.

Groups Number of Students Group Achievement Average
Group 1 6 84.36

Group 2 6 88.33

Group 3 7 83.20

Group 4 7 81.33

Group 5 7 76.66
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In this direction, 5 groups were formed with 6 students in 2 groups and 7 students in 3 groups. When
the achievement averages of the groups according to Table 1 were examined, the average of Group 1
was 83.36; 88.33 for Group 2; 83.20 for Group 3; 81.33 for Group 4 and 76.66 for Group 5.

Process

In line with the objective of having students be able to explain the concept of functions in the ninth
grade mathematics curriculum, a milieu was developed in accordance with the five stages of TDS
proposed by Brousseau and the characteristics of an adidactic learning environment. The aim of the
developed miliue is to discover students' knowledge without teacher intervention. A problem situation
and contest activities were designed in order for students to construct the new knowledge using their
own experiences. A non-routine real life problem called the car rental problem was presented to them.

The Car Rental Problem is: “Ahmet has decided to go on a trip to Midilli Island. He wants to rent a car
to see the coves on the island. When he goes to the Milas Company, he learns that they charge .40 $ per
kilometer in addition to 20.00 $ per day. Then, he goes to the Helen Company next door. They charge
.80 $ per kilometer. Ahmet cannot decide which company is cheaper. How can you help him?”

The Adidactic Learning Environment: Since the milieu was designed as a problem situation, it
required a learning environment that stimulates students’ to do problem-solving in each stage. Here are
its characteristics by stage:

1. Devolution stage: In order to assign responsibility to the students, the car rental problem was
presented at the beginning of the teaching process. The class was divided into five homogeneous
groups of 6-7 students. Later, a contest was organized, which is a vital part of the milieu, to
encourage the development of different solution strategies. The rules of the contest were set up to
require producing the maximum number of different solutions, convincing group members for the
validity of solutions, defending solutions, evaluating other groups’ solutions and detecting mistakes
in solutions.

2. Action stage: The students who encountered the problem at this stage determined various strategies
by exchanging ideas within their groups and carrying out operations and algorithms. Feedback from
their peers enabled the group members to review their strategies and solutions.

3. Formulation stage: In this stage, the students interacting with the milieu expressed their methods,
strategy, and solutions in mathematical language and shared them with their classmates.

4. Validation stage: In the previous stage, each groups’ solutions were evaluated by the entire class. The
solutions thought to be incorrect were discussed by other groups. During these discussions, the
group that presented the original solution defended their solution. In this process, the teacher
guided the discussion and did not express any idea about the solutions. The teacher took the task of
controlling the students’ way of obtaining knowledge through peer communication and the cognitive
conflict that they established in the midst. The aim of this was to provide students with the
opportunity to use mathematical language for different concepts and developing solutions. In this
stage, all individuals in the classroom interacted with the milieu by freely expressing their thoughts.
The students tried to prove their solutions with various mathematical evidence.

5. Institutionalization stage: The informal knowledge defined by the students as a result of interaction
with the milieu was given a theoretical status by being expressed in mathematical language by the
teacher. The teacher asked the students to define the relationship between the variables of price
and kilometer and the variable sets considering them as inputs and outputs. The students were
asked to invent a machine that computes the results of the car rental problem and determine its
rules. Afterward, it was stated that input and output sets and the machine rules correspond to a
concept called functions in mathematical language, and the input and output sets are called domains
and co-domains.
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Data Collection

This study used the observation method because it investigates the learning of the concept of
functions in an adidactic learning environment. Conversations within the groups and interactions with
the milieu were observed. Each step of the process was recorded with video cameras by two observers
other than the researcher, in order to prevent the subjective judgments of the researchers about the
activities of the students, not to overlook any specific instant during group work and to avoid data loss.
The data obtained from observations were also supported with the worksheets of the groups to ensure
the consistency of the data and the reliability of the research.

Data Analysis

Descriptive analysis was used to analyze the data obtained from video recordings and the students’
worksheets. Descriptive analysis aims to present the readers interpreted and orderly data by describing
it clearly and systematically (Yildirim & Simsek, 2013). The students’ learning of the concept of functions
was described considering the five stages of an adidactic learning environment. Direct quotations were
included in the results. The students’ performances were evaluated with a checklist for problem-solving,
construction of function knowledge, and interaction with the milieu. The problem-solving category was
included as the focus of the study. Since interaction with the milieu affects the construction of
knowledge, the interaction with the milieu and construction of function knowledge were the other
categories. The items in the construction of function knowledge category were related to identifying the
previous knowledge, using previous knowledge and construction of function knowledge, and 10 items.
In this context, the check list included 11 items such as to understand the problem, to develop the
strategy, to implement the developed strategy, to check the validity of the solution and its validity and
to generalize the solution. In the "Interact with Miliue" category; 14 items evaluating student, teacher,
problem interactions, group work, discussion environments and student participation were included in
the checklist. To ensure the validity of the checklist, two experts evaluated the list, and necessary
revisions were made. The appropriate one from the ones that measure the same characteristics was
included in the checklist. Furthermore, two independent researchers described interactions with the
milieu while analyzing the video recordings. The inter-rater reliability coefficient between the
researchers was 97.00%.

Results

This section investigates the data according to the five stages of TDS. The participants’ performances
were evaluated according to the checklist, and the results are shown in percentages and frequencies.

Devolution Stage

The problem was presented to the milieu. First, a discussion environment was established, and
students were provided with the opportunity to present their evaluation about whether there is missing
or extra information in the problem. Here is one student’s evaluation of the problem:

Adem: There are two companies in the problem. Ahmet will choose the one that is cheaper. | think
the first company is better. The one who charges .40 $ is better. | mean Milas because | calculated the
dollar difference. One dollar is three Turkish liras. Multiply 3 by 2 because .80 is .40 doubled. The result
is 6.

Adem expressed the problem in his own words, and while doing so, he tried to reach a result
mechanically by operating with the numbers in the problem. This shows that the effect of teaching
problem-solving was observed: solutions based on memorization, lack of rule-based explanation and
mechanical operations (Altun & Arslan, 2006). This makes it quite important in the beginning of the
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activities to identify the information given and what is asked in the problem and to detect missing or
extra information. A lack of understanding of what is asked makes it more difficult to solve the problem.
Here is a dialogue between two students in the process of understanding the problem:

Researcher: Is there anyone who thinks that there is missing or extra information in the problem?
Merih: There is missing information. It does not say how many kilometers he will go.

Taha: | do not agree. Both companies stated their fee per kilometer. However, the fee per day of the
Helen Company is missing.

Merih: No. The Milas Company charges .40 S per kilometer in addition to 20.00 $ per a day. The
Helen Company charges according to the total kilometers and doesn’t ask for extra money per day.

Taha: | guess you are right. Apparently, | did not fully grasp this detail.

With a guiding question, the researcher created an atmosphere that enables students to freely
express their thoughts about the problem. It was observed that most students think that there is only
one answer to the question. The explanation of what the variable in the problem means and its
relationship with what is given is an indicator of understanding the problem (Schoenfeld, 1985). It was
observed that students seek only one variable in the problem and perceive the second variable as
missing knowledge. This dialogue between two students without intervention by the teacher in an
adidactic learning environment, in which students significantly changed their incorrect understandings
about the problem by interacting with each other. This conversation between two students without the
intervention of the teacher in the adidactic learning environment shows the students interact with each
other and convince each other on different ideas they have about the problem. This 20-minute stage
enabled students to take responsibility for learning by understanding the problem.

Action Stage

In this stage, the groups developed various strategies by following the contest rules, and these
strategies were implemented and written on worksheets. The criterion that the consent of all group
members is required for a solution to be the group’s ultimate decision led the group members to
cooperate with each other. The student who undertakes the responsibilities of learning interacted with
his group friends to solve the car rental problem and to develop the strategies to win the game. Here is
an example of a conversation within a group during the activity (Group 1):

Aleyna: If we assume distance as x, then we can come up with a numerical result.
Ayse: Then, we can solve this formula.
Zeynep: | agree with this solution.

Ayse: Let the distance be x. Then, the distance is "14_0X + 20" for Milas and "f—ox"for Helen. If both

4 8
are equal, we need to solve the formulaEX 4+ 20 = X

Zeynep: Then, the distance is 50.00 kilometers.
Aleyna: | am completely lost right now.

Ayse: According to the contest rules, we must convince each other. We cannot defend the solution
unless all of us reach a consensus about the solution.

Zeynep: Now look. In the first equation, only for 50.00 kilometer drive, both companies charge the
same amount of money. However, for the different kilometer values, the Milas company charges more
money. For instance, for a 10.00 kilometer drive, while Milas earns 24.00 dollars, Helen earns 8.00
dollars. For every kilometer value other than 50.00, Milas makes more profit.
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As this conversation shows, Group 1 developed strategies cooperatively and paid attention to the
rule about convincing all group members. The adaptation of an approach that is based on the
cooperation and solidarity builds a democratic atmosphere in which the students feel comfortable to
express themselves (MoNE, 2013). Hence, students freely introduce their thoughts during the
development of strategies in group work. When determining the strategies for the solution of the
problem, one of the groups had a quite dissimilar experience. Here is their dialogue (Group 5).

Taha: For a 5.00 kilometer drive, Helen charges 4.00 dollars. If we calculate these two for a particular
distance value. Helen charges more above this value, while Milas charges more profit below this value.

Ahmet: No.

Taha: Well, do not confuse others. You are never trying.

Mehmet: We did not understand what you are doing.

Taha: Why not? The Helen Company charges 4.00 dollars for a 5.00 kilometer distance.
Ahmet: Where does 5.00 kilometers come from?

Taha: | tried a value that | made up.

As this dialogue shows, the students in group 5 did not fulfill their individual responsibilities to
develop strategies. The fact that only one student developed a strategy, and the others just listened
prevented the development of a solution. Since the fulfillment of students’ tasks in a group study is
dependent on the nature of the group and the relationship between students (Akyliz, 2006), Taha’s
behavior prevented the development and implementation of solution strategies for the problem. The
students tried to reach solutions to the problem by interacting with the milieu in the action stage, and
this process was successful in the groups with good peer interaction.

Formulation Stage

The solution strategies developed in the action stage were explained to the classroom in the
formulation stage. The solution of Group 1 is shown in Figure 1.
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“Group 1:Both companies charge the same amount of money for a 50.00 kilometer distance. However,
the Milas company charges more money for other distances. For example, for a 10.00 kilometer
distance, Milas charges 24.00 dollars, while Helen Company charges 8.00 dollars. For any value other
than 50.00 kilometers, the Milas company charges more.”

Figure 1. The solution of group 1.

Here is Group 1’s explanation of their solution:

Zeynep: We determined an arbitrary kilometer distance x. Then, Milas earns dollars and Helen earns
dollars. Afterward, we equated these solutions and solved them. We found that x, the distance, is 50.00
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kilometers. When the distance becomes 50.00 kilometers, both companies earn the same amount of
money. For distances other than 50.00 kilometers, the Helen Company should be chosen. For a 50.00
kilometer distance, both can be chosen.

It was observed in the group’s explanation that they wrote an algebraic expression for both
companies by choosing kilometers as variable x, and that they were partially able to adopt the
appropriate strategy and approach in the solution. However, they claimed that for the distances other
than 50.00 kilometers, the Helen Company makes more profit due to an incorrect generalization about
companies’ profit that is the result of misconceptions. Group 5's solution to the problem is shown in
Figure 2.
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“The Milas Company charges more for long distances because the fee per kilometers is less and they do
not charge an extra 20.00 dollars per day. When it is a short distance they charge less because kilometer
is less.”

Figure 2.The solution of group 5.

With the idea that the amount of money to be paid increased as the kilometers variable increased,
group 5 calculated the money for one determined kilometer value and made a generalization. Students’
generalization of a solution that they reach by guessing and trial-and-error is described by Radford
(2008) as naive induction. Here, students made a calculation for one value and proposed that the Helen
company should be chosen for long distances without determining the variables in the problems and
their relationship to each other. However, they did not explain how many kilometers they meant by a
long distance. Similarly, the students in group 1 only estimated the amount of money for a 10.00
kilometer distance and generalized the result. In this 25-minute stage, the spokespeople for each group
presented their solution and models without interruption.

Validation Stage

In this stage, the students tried to prove the correctness of their solutions and models using their
previous knowledge. This, the longest stage of the process, lasted 35 minutes. Objections to the
solutions were explained with justifications in the classroom. The solution of Group 3 is shown in Figure
3.
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“Milas charges 2.00 $ and an extra 20.00 S for a 5.00 kilometer distance, while Helen charges 4.00 S.
Therefore, the Milas Company earns a total of 22.00 $, while the Helen Company earns a total of 4.00 S.
As a result, the Milas Company makes more than the Helen Company. Since Ahmet is looking for the
cheaper company, he should choose the Helen Company.”

Figure 3. The solution of group 3.
Here is an excerpt of interaction in the milieu about the solution suggested by Group 3.

Ecem: We calculated how much the Milas and Helen companies charge for a 5.00 kilometer distance.
Milas charges .40 $ per kilometer. However, they ask an extra 20.00 Sper day independently of the
distance driven. On the other hand, the Helen Company only charges .80 $ per kilometer. That is to say,
they do not charge an extra fee per day. For a 5.00 kilometer distance, the Milas company charges 2.00
$ and 20.00 $ for one day, 22.00 $ in total, while Helen Company only charges 4.00 S. Milas charges
more since Helen charges 4.00 $. However, in this example, we only derived this solution according to a
5.00 kilometer distance. We think we were not able to reach a complete solution since the kilometers
were not determined. We cannot comment on which one is cheaper.

Researcher: Is there anyone who objects to the solution of Group 3?

Ali: | think the solution is incomplete. They said we cannot reach a complete solution; however, the
problem can be solved. We can determine which company is cheaper with different kilometer values.

Researcher: Can you prove this?

Ali: Milas charges 24.00 S for a 10.00 kilometer distance, and Helen charges a lower amount of
money. We calculated this up to 100.00 kilometers (The students demonstrated their group’s solution
on the board). They are equal for a 50.00 kilometer distance. For a 20.00 kilometer distance, Helen is
cheaper. When we tried a 49.00 kilometer distance, again Helen was cheaper. However, for a 51.00
kilometer distance Milas is cheaper. Therefore, between the distances of 10.00 kilometers and 50.00
kilometers per day, Ahmet should choose the Helen Company, while for the distances longer than 50.00
kilometers he should choose the Milas Company.

Ecem (Group 3) claimed that a complete solution cannot be obtained since the kilometers were not
determined and tried to convince her classmates of this. However, Ali (Group 4) objected and with
mathematical operations proved that Ecem’s way of thinking was incorrect. At this stage, he defended
his groups’ suggestion and claimed that for distances between 10.00 and 50.00 kilometers per day,
Ahmet should prefer the Helen Company, while for the distances of more than 50.00 kilometers; he
should prefer the Milas Company. This claim elicited further discussion in the classroom. Here is a
dialogue between the students:
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Ali (Group 4): The companies charge equally for a 50.00 kilometer distance per day. For a 10.00
kilometer distance, Helen is cheaper, while Milas is cheaper for a 100.00 kilometer distance.

Fatih (Group 2): No, we do not agree with this idea.
Ali: You must justify your reason. Otherwise, we get the points.

Fatih: It is not only 10.00 kilometers. Values below 10.00 should also be included. That is to say, up
to 50.00 kilometers Helen is cheaper, at 50.00 kilometers they are the same, and above 50.00 kilometers
Milas is cheaper.

Ali: It is the same. Helen is still cheaper even whether you consider the distances between 10.00
kilometers and 50.00 kilometers or 1.00 kilometer and 50.00 kilometers.

Fatih: It is not the same. If you take the distance between 10.00 and 25.00 km, then the result
cannot be accepted for the distances below 10.00 kilometers. You neglect the distances below 10.00
kilometers. Maybe he drives only for 5.00 kilometers. Then, in this case, Helen is still cheaper.

Ali: Aaaa! That’s right. We didn’t notice this.

Ali had claimed that distances between 10.00 and 50.00 kilometers and distances up to 50.00
kilometers are the same. However, Ali’'s mistake was noticed by Group 2 and corrected using an
example. In the validation stage, explaining solutions with their justifications eliminates these kind of
mistakes. Questioning the thoughts of their interlocutors and defending their own ideas in the validation
stage also occurred in the action stage during the development of solutions within the groups. The
solution of Group 2 in the validation stage is shown in Figure 5:
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“Up to 50.00 kilometers, Helen is cheaper. Above 50.00 kilometers, Milas is.”

Figure 4. The solution of group 2.

Merih: For a 50.00 kilometer distance, both companies charge equal amounts of money. Helen
should be chosen up to 50.00 kilometers, while Milas should be chosen above 50.00 kilometers. When
we try a 20.00 kilometer value, Milas charges 28.00 S, and Helen charges 16.00 S. When we try a 40.00
kilometer value, Milas charges 36.00 S, and Helen charges 32.00 $. When we try an 80.00 kilometer
value, Milas charges 52.00 S, and Helen charges 64.00 $. For a 50.00 kilometer value, they both charge
the same. Therefore, Ahmet saves money if he chooses Milas for a drive of more than 50.00 kilometers
or chooses Helen for a drive of less than 50.00 kilometers. He can choose either for a 50.00 kilometer
drive. Is there anyone who has an objection?

Taha, Zeynep, Ali and Ecem: No, there is not. This must be the correct solution.

Merih tried to prove his suggestion by assigning different values to the kilometers variable. The
correctness of the suggestion was validated by the entire class since no missing information or mistake
was detected. In the validation stage, the solutions were explained with their justifications, the mistakes
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were corrected by other students in the milieu, and the reasons for the mistakes were shown. In the
second stage, the students had difficulty proving their models and generalizing for all situations, while
the opposite occurred between the groups in the third stage. This change is thought to have been
caused by increased interaction with the milieu.

Institutionalization Stage

In this stage, the informal knowledge the students obtained as a result of interaction with the milieu
in the previous stages was given a formal status with the help of guiding questions. Here is an excerpt of
this interaction:

Researcher: What does the x that you used in your solutions mean in mathematical language?
Students: Variable.

Researcher: What are the other variables in the problem?

Ali, Zeynep and Fatih: Money. It is dependent on the kilometers variable.

Researcher: Can you establish an algebraic relationship between the variables that you proposed?
Oguzhan: Then, we can call money y and kilometers x.

Merih: "y = .4x + 20"Milas and "y = .8x" Helen.

Researcher: Is there anyone who describes this relation in a different way?

Students: No. We all agree with Merih.

Researcher: What do the expressions "y = 0,4x + 20" and y=0,8x" remind you of?

Students: Line equation, equation.

Researcher: If you made a machine that calculates the amount of money the Helen and Milas
companies charge, what do you think would be the rule of this machine?

Merih:"y = %Ox + 20"would be the rule of Milas’s machine.

oo n 8 " ’ H
Stleyman: "y = X would be the rule of Helen’s machine.

Researcher: What number do you enter on the machine to estimate the amount of money that a
customer who rents a car for a 200.00 kilometer drive for one day? If these machines gave an invoice
showing the amount of money the customer pays, what would the invoice fee be?

Mehmet: We would enter 200 on the machine and the output would be the value of y, the amount
of money to be paid. x values would be the inputs.

Then, the teacher explained that these machines correspond to the concept of functions, the input
values that are formed by x values are the domain of the function, and the y values are the codomain of
the function. A table indicating the input and output values in the frame of mathematical rules was
designed by the students. Afterward, the researcher introduced the definition of functions and related
examples. Institutionalization is necessary for the knowledge that students construct to be valid in other
settings (Brousseau, 2002). The knowledge is given a theoretical status by the imaginary machine that
establishes the relationship between input and output sets in students’ minds, and the rule of this
machine is the function rule. Finally, the teaching process was completed with concrete examples to
reinforce the concept of functions.

The students’ performances were evaluated by two independent researchers using the checklist for
problem-solving, construction of function knowledge and interaction with the milieu. The results are
shown in Table 2.
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Table 2.
Rates of Demonstrating Behaviors in Groups

Rates of Demonstrating Behaviors in Groups

Group 1 Group 2 Group 3 Group 4 Group 5
Categories (n=6) (n=6) (n=7) (n=7) (n=7)
f % f % f % f % f %

Problem-Solving

(11 items)

Construction of function
knowledge (9 items)
Interaction with the milieu
(14 items)

8 7272 9 8181 6 5454 9 8181 7 63.63

9 100.00 9 100.00 4 4440 9 100.00 4 44.40

14 100.00 13 928 8 57.14 14 100.00 7 50.00

Table 2 shows that the groups’ indicator rates for 11 problem-solving items were 72.72% for group 1,
81.81% for groups 2 and 4, 54.54% for group 3 and 63.63% for group 5. It was determined that all
groups understood the problem and developed solution strategies. The analysis of students’ solution
strategies revealed that while group 1 tried to find a solution using an equation and variables, the other
groups used the strategies of assigning values to the variable and guessing about solutions.When they
checked their solutions’ correctness, groups 1, 2 and 4 noticed that they had used an incorrect strategy,
reviewed the problem and sought new ways to solve it, but none of the groups developed more than
one strategy. These three groups succeeded at the stages of understanding the problem, planning a
solution, implementing the plan, checking the correctness and validity of the solution and finally
generalizing the solution, while the other two groups were unable to check the correctness and validity
of the solution successfully and thus unable to finish the problem.Table 2 shows that the groups’
percentages of indicators for 9 construction of function knowledge were 100.00 % for groups 1, 2 and 4
and 44.40% for groups 3 and 5. Given the number of students in each group, the success of the entire
class’s construction of function knowledge in an adidactic learning environment was 77.60.

The collected data in the construction of function knowledge category indicated that all of the
groups identified the variables in the problems and symbolized tem using algebraic expressions except
for group 3. The students in group 3 attempted to do arithmetical generalization through trial and error;
however, they used naive induction and were unable to generalize correctly. All the groups were able to
calculate the money variable based on the kilometers variable, but Groups 3 and 5 were unable to
establish equations showing the relationship between the variables. Groups 1, 2 and 4 were able to
relate their prior knowledge to the new knowledge, while the other two groups remembered the
necessary prior knowledge, but since they were not able to establish its relations with the new
information, they were unable to construct the concept of functions in their minds. It may be that low
interaction with the milieu was the reason for these two groups’ lack of success.

The indicators on the checklist for the 14 interaction with the milieu category items were 100.00 %
for groups 1 and 4, 92.85 % for group 2, 57.14 % for group 3 and 50.00 % for group 5. All the students
interacted with the milieu to solve the rental car problem. The groups performed as expected with no
intervention by the teacher and expressed their thoughts freely. During the group discussions, they
listened to each other and exchanged their ideas about justifying their solutions. Groups 3 and 5 worked
individually, rather than as a group. In these groups, the members did not fulfill their individual
responsibilities. In the other three groups where individual responsibilities were fulfilled, the members
encouraged each other and exchanged ideas, and the proposed suggestions were determined by group
consensus. Thus, groups 1, 2 and 4 interacted with the milieu by participating every stage of an adidactic
learning environment, while groups 3 and 5 were unable to do group work successfully.The groups’
attainment of the goal was made possible by members’ attainment of their individual goals.
Collaboration is important in order to successfully complete this procedure. For the success of the
group, individuals must help each other (Lejik & Wyuvill, 2001). Groups 3 and 5 were unable to do so.
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Since they did not fulfill the requirements of group work, they could not obtain successful results at the
stages of formulation, validation and institutionalization.Table 2 shows the indicator behaviors on the
checklist of groups for interaction with the milieu category. The groups’ performances were 91.17 % for
groups 1 and 2, 52.94 % for groups 3 and 5 and 94.12 % for group 4. This indicates that in groups where
interaction with the milieu was high, the process of problem-solving was completed, and the concept of
functions was learned.

Discussion, Conclusion and Implications

This study investigated students' learning of the concept of functions in an adidactic environment.
The five stages of adidactic learning environments were explained as described in TDS, and the
interactions of students with the milieu that was formed for the problem were described.

It was found that when the students first encountered the problem in the devolution stage, they had
a tendency to try to solve the problem with the numbers given and tried to reach a solution without
understanding it. Because of the results-oriented approaches of the individuals in the problem-solving
process (Altun & Arslan, 2006; Ford, 1994; Schoenfeld, 1985; Soylu & Soylu, 2006), understanding the
problem is important. After understanding the problem and taking responsibility for learning in the
designed scenario, the students worked with the members of their groups and developed and
implemented various strategies to solve the problem in the action stage. During the group work, the
students first developed their individual ways of solving the problem, and later they communicated with
their friends. The new mathematical constructs formed based on students’ prior knowledge were
revealed at the processes of developing suggestions for solving the problem and proving them. The
suggestions for solving the problem developed as a result of interactions with the milieu were presented
in the formulation stage. In this stage, one group solved the problem by establishing an equation, while
the others tried to generalize the result that they found by assigning values for the solution. However,
the students obtained intuitionally incorrect results when they used limited strategies such as trial and
error (Akkan, Baki & Cakiroglu, 2012; Gick, 1986; Radford, 2008). The correctness or incorrectness of the
proposed suggestions for solving the problem was tested by the students in the validation stage. Those
who objected to the proposed solutions convinced their peers by justifying their objections. The groups
who proposed incorrect solutions either corrected them or changed their information based on the
feedback they got from others. This procedure was followed in group work, as well. The models that
were proven to be correct in the validation became shared information. After the information was
expressed in informal language by the students, it was converted into a formal structure in the
institutionalization stage. The teacher explained the concepts of functions, domains and codomains in
relation to the results obtained by the class. The adidactic environment stages mentioned here form a
spiral in the construction of the concept of functions. In particular, the action, formulation and
validation stages overlap and are not clearly separated (Arslan et al. 2011). However, within the
framework of the problematic situation presented and the game, phase of adidactic learning
environment contributed to class interaction.

The students’ performance of the indicators on the checklist for the evaluation of the learning
process for the entire class was 70.90 % for problem-solving, 77.77 % for construction of function
knowledge and 80.00 % for interaction with the milieu. It is thought that the stages of the adidactic
environment are influential in the acquisition of the functional knowledge by 77.77 % of the students.

The groups with high interaction with the milieu completed the process of solving the problem and
constructed knowledge about the concept of functions, while the groups that did not cooperate in their
work were unable to generate knowledge about the concept of functions. The groups that actively
interacted with the milieu in all stages used equations with two unknowns by recognizing the relation
between the value tables and the equations they established and the algebraic operations and variables
in the problem. These students knowingly used the knowledge of equations with two unknowns. Most
of the students constructed function knowledge at the end by recognizing input and output sets. The
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students were able to find out the domains and co-domains of given functions by using different
applications of knowledge about functions, which became shared knowledge of the class after the
teacher's explanation of the teacher, and the students who gave examples of different functions
succeeded in using this knowledge.

In adidactic learning environments, when interaction with the milieu is high, the stages can easily be
completed and the target knowledge is constructed. The students discovered, expressed and verified
knowledge about functions at the end of the teaching process because the adidactic learning
environment is modified and enriched in every situation thanks to the framework proposed by TDS
(Brousseau, 2002). With experiments that comply with the philosophy of quasi-experimental
mathematics (Baki, Butlin & Karakus, 2010), the students started to mathematically prove their
arguments. This finding is in line with the results of theoretical studies (Bloch, 2003; Sadovsky & Sessa,
2005). In this respect, this study constitutes an example of designing learning environments where the
philosophy of mathematics and school mathematics are associated with the approach of the curriculum
(Baki et al. 2010). This study also provided a chance to recognize the learner-teacher relationship that is
the focus of the theory (Bartlett, 2005; Brousseau, 2002), the complicated structure of interactions in
the environment, and the processes of forming knowledge. This is why it is thought that TDS is more
functional than many student-centered teaching approaches, which structure the teaching process in
detail, but evaluate the outcome (Daniel & King, 1998). Despite these positive aspects, this theory only
involves modelling a concept within the framework of a problem situation. However, the curriculum is
not limited to concepts (MoNE, 2013). With this in mind, using TDS in the mathematics curriculum with
different groups at various grade levels can shed light on both student and teacher behaviors. It has also
been found that new mathematical structures are formed when students are able to combine old
information about equations and variables into knowledge about functions. This involves a new thinking
process with connections and relations established by students in order to attain knowledge about
functions. In this respect, it is important to integrate the adidactic process of TDS into future studies
with models developed to allow analysis of information learning processes and the creation of
knowledge about mathematical concepts (Memnun & Altun, 2012; Ozdemir, 2014; Yesildere & Tirniikli,
2008) so that a holistic answer can finally be given to the question: What happens in mathematics
classrooms?
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Tiirkge Siiriim

Girig

Bilginin insan zihninde nasil olustugu ve 6grenme ortaminin bu yodnde nasil sekillendirilmesi
gerektigine yonelik galismalar, bu alanda gesitli 6gretim yontem, yaklasim ve teorilerin ortaya ¢ikmasina
neden olmustur. Bu teorilerden birisi Matematik Ogrenme Ortamlari Kurami olarak da anilan ve Guy
Brousseau tarafindan 1998 yilinda olusturulan Didaktik Durumlar Teorisi (DDT), Matematik egitim-
O0gretim etkinliklerini anlama, yorumlama ve iyilestirme amaciyla ortaya atilmistir. Didaktik bilimi
kapsaminda; etkili 6gretim yontemlerinin ve nasil 6gretim yapilmasi gerektiginin kisi, ortam ve kosullara
gore degistigi anlayisiyla olusturulan teori 6gretmen, 6grenci, matematiksel bilgi, 6grenme ortami gibi
unsurlarin gorevlerini ve islevlerini modelleme amaci glitmektedir. Bu teoriye gére 6gretmenin didaktik
niyeti, sinifin bilgi Gretim strecine 6zgidur ve Uretilen bilgiyle kiltirel bilgiyi birbirine baglar. Matematik
siniflarinda gergeklestirilen faaliyetleri anlamayi, yorumlamayi ve bu etkinlikleri daha iyi hale getirmeyi
amaglayan DDT, 6grenme siirecinde neler yasandigina iliskin uzun sireli incelemeler dogrultusunda
cesitli aciklamalar getirmektedir. Yapilandirmaci anlayis ile paralellik gosteren bu teori, Matematik
siniflarinda  6grenmenin gergeklesmesi Uzerinde rol oynayan 6grenme ortami ile ilgilenmektedir
(Erdogan & Ozdemir Erdogan, 2013). DDT'ne gére &grenme ortami; kazamimlara ulasmak igin
ogrencilerin 6nceki bilgilerini kullanarak yeni bilgileri yapilandirdiklar etkinlikler toplulugu olarak
gorilmektedir. Brousseau (2002) bu teori kapsaminda didaktik, didaktik olmayan ve adidaktik olmak
lzere Ug farkl 6grenme ortami tanimlamustir.

Didaktik ortamlar, 6gretmenin niyetini belli ettigi, 6grencilerin bilgilerini degistirmek veya ortaya
¢ikarmak amaciyla hazirladigi ve uyguladigi, 6grencinin ise 6gretim amacindan haberdar oldugu 6grenme
ortamlaridir. Ogreticinin aktif rol oynadigi bu tiir ortamlarda, biitiin 6grenme etkinliklerinin sinif
ortaminda gergeklestirilerek 6grencinin 6grenmeye zorlanmasi s6z konusudur (Altundag, 2010; Bessot,
1994). Bu tiur ortamlarda Ogretmen, dersin igerigi ve Ogrencilerin davranislarina midahale etme
egilimindedir.

Didaktik Olmayan ortamlar, egitim-6gretim faaliyetlerinin olmadigi fakat 6grenmeyle sonuclanan
dogal ortamlar olarak tanimlanmaktadir. Ogrenme, egitim 6gretim amaciyla tasarlanmamis bir ortamda
deneyimler sonucu gergeklesir.

Adidaktik ortamlarda ise 6gretmen didaktik amacini gizleyerek 6gretimin tim sorumlulugunu
dgrenciye devreder. Ogrenci bir 8gretimin gegeklestirildiginin farkindadir, ancak hedef kazanimdan
haberdar degildir. Adidaktik ortamlarda 06gretmen Ogretilecek bilgiyi aktarmak yerine ortami
diizenleyerek 6grenme sirecine rehberlik etmektedir. Bu silirecte adidaktik ortamin ozellikleri
dogrultusunda bir milieu tasarlanarak 6grencinin hedef bilgiye ulasmasi amaglanmaktadir. Milieu kelime
anlami agisindan ortam olarak tanimlanmaktadir. Ogrenme ortaminda bulunan biitiin bilesenler
(6gretmen, 6grenci, problem, kaynak, vb.) ve bu bilesenlerin etkilesimiyle ortaya ¢ikan tiim durumlar
milieu kapsamindadir. Brousseau (2002) milieuyu daha genel bir ifade ile 6grenme siirecinde 6grenciyi
etkileyen ve 6grencinin etkiledigi her sey olarak tanimlamistir. Milieuyu olusturmak icin hedef bilgiye
ulastiracak problem ya da oyun durumlarindan yararlanilmasi énerilmektedir (Samaniego & Barrera,
1999). Ogrenciler fiziksel gelisimleri dogrultusunda oyun oynamaktan ve sportif etkinliklerden; zihinsel
gelisimleri acgisindan problemler hakkinda distinmekten zevk aldiklarindan (Skemp, 1993) problemi
¢6zmek ya da oyunu kazandiran stratejiye ulagsmak icin milieu ile etkilesime girer ve ortamdan aldigl
déniitlerle bilgiye ulasirlar (Brousseau, 2002). Ogrencinin bilgi lretim faaliyetlerinin dgretmenin
arabuluculugundan bagimsiz olarak gercgeklestigi bu tiir ortamlarda 6grenme, 6grenci veya okul kurumu
konusundan ziyade 6grenci ve gevre arasindaki etkilesimler dogrultusunda bilissel bir sireg olarak ele
alinmaktadir.
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Ornegin, bdlme algoritmasinin &gretilme siirecinde 6gretmen bilgiyi dogrudan 6grencilerine
aktariyorsa 6gretim didaktik bir 6grenme ortaminda gerceklesmektedir. Ogrenme amacinin olmadig
market aligverisi sonunda kalan 20.00 lira para Ustlunu Ug¢ arkadag arasinda esit sekilde paylastirilirken
birer liralik tekrarl paylasimlardan sonra 2.00 liranin kalmasi ile 20’nin 3’e boliinmedigi fark edilebilir.
Gunlik hayatta karsilasilabilecek bu tir durumlar didaktik olmayan 6grenme ortamlarda 6grenmenin
gerceklesmesini gostermektedir. Adidaktik ortamlarda ise bdlme igin “Kim 6nce 20 diyecek?” oyunu
tasarlanmaktadir (Brousseau, 2002). 1 veya 2 diyerek baslanan oyuna yine 1 veya 2 eklenmektedir. Bu
ortamda 20 sayisina ulasmak amaciyla oyunu kazandiracak stratejinin 3’lin herhangi bir katinin 2
fazlasini oldugu, 6gretmenin bilgilendirici ve yonlendirici midahalesi olmadan 6grenciler tarafindan
ispatlanarak kesfedilmektedir.

Brousseau’ya (2002) gore adidaktik bir 6grenme ortaminda bilginin olusmasi igin bes evrenin
yasanmas! gereklidir. Ogretmenin tasarladigi ogretim ortaminda 6grenciye gérevlerini bildirerek
sorumlulugu 6grencilere devretmesiyle baslayan sorumluluk aktarma evresinde, problem durumu
tanitiir ve ogrencilerin giidiilenerek hareket etmeleri saglanir. Ogrenme sorumlulugunu (stlenen
ogrenci, cevresiyle etkilesime girerek sunulan problemi ¢6zmek ya da oyunu kazanmak igin stratejiler
gelistirip uygulayarak eylem evresinigergeklestirir. Ancak 6grenci bu evrede elde ettigi bilginin tam
olarak farkinda degildir ve bu bilgiyi ortamdaki diger bireylerle paylasmaz. Ogrencilerin eylem evresinde
deneme-yanilma veya farkh yollarla elde edilen ortik bilgi, yazili ya da sozli olarak ortamin diger
Uyeleriyle ifade etme evresinde paylasilir. Ogrencilerin &n bilgilerinden yararlanarak olusturduklari
bilginin dogrulugu onaylama evresindetest edilerek hatali ya da eksik oldugu disiinilen bilgi ortamdan
alinan dondatlerle dizeltilir ya da degistirilir; bu bilgi dogru ise kabul edilir. Bu evrenin sonunda ortamdaki
tim bireylerin ayni fikirde oldugu informal bilgi olusturulur. Kurumsallastirma evresinde,dogrulugu
kesinlestirilen informal bilgi 6gretmen tarafindan matematiksel dille ifade edilerek bilgiye kurumsal bir
statt verilir. Adidaktik 6grenme ortamlari, 6gretim programindaki ortamlardan bu evre agisindan ayrilir
(Brousseau, 2002; Samaniego & Barrera, 1999). Evrelerin ozellikleri dikkate alindiginda 6gretici, sadece
ilk ve son evrelerde rol oynayarak 6grencilerin surece aktif katilimini saglar.

Adidaktik ortamlarda gergeklestirilen kavram 6gretimi tzerine gerceklestirilen calismalarda; bireysel
calisan 6grencilerin, grup calismasi yapan Ogrencilere gore daha basarili olduklar tespit edilmistir
(Altundag, 2010; Arslan et al. 2011; Arslan et al. 2015; Erdogan et al. 2014; Manno, 2006; Semeradova,
2015; Spagnolo & Di Paola, 2009; Sadovsky & Sessa, 2005). Matematiksel siire¢ becerilerinin gelisimine
odaklanan calismalarda (Celik et al. 2015; Erdogan & Ozdemir Erdogan, 2013; Eriimit et al. 2012);
adidaktik ortamlarin problem ¢ézme becerisinin gelisimine katkida bulundugu gérilmistir. Ogretmen
tarafindan olusturulan adidaktik 6grenme ortaminda Ug¢ 6gretmen adayi ile yapilan bir ¢alismada
(Masgval, 2009) ise; adaylarin olusturdugu bazi degerleri dogrulayan formuller ile geometrik
modellerdeki yapisal iliskileri kullanarak olusturulan genel terimler ifadeler arasindaki farki
kavrayamadiklari sonucuna ulasiimistir. Bu baglamda Masgval (2009) adaylarin liggensel sayilar hakkinda
on bilgi eksikliginin adidaktik durumla bas etmeye engel oldugu belirtmistir. Ancak 6grenme ortamlarina
teknolojinin entegre edilmesi ile bu durum ortadan kaldiriimistir (Mackrell et al. 2013; Sollervall &de La
Iglesia, 2015).

Ogrenciler, dzellikle yeni ve zor konulari 8grenirken basari ve gelisimleri hakkinda geribildirim almaya
ihtiyaci duymaktadir (Zuljan et al. 2012). Adidaktik ortamlarla ilgili yapilan galismalar incelendiginde; bu
ihtiyacin milieudan alinan dondtlerle karsilandigi ve milieu ile etkilesimin ilgi ve motivasyonu arttirarak
6grenmeyi olumlu yonde etkiledigi gorulmustir (Altundag, 2010; Brousseau, 2002; Hersant & Perrin-
Glorian, 2005; Sensevy et al. 2005; Vankus, 2005). Ogrencinin miidahale olmaksizin kendisini 6grenmeye
gidilendigi adidaktik 6grenme ortamlarinda didaktik mihendisligi (Artigue, 2009; Gonzéalez-Martin et al.
2014) ve didaktik antlagsmasi (Laborde & Perrin-Glorian, 2005; Putra, 2016; Sarrazy, 2002; Yavuz &
Kepceoglu, 2016) gibi sistemden kaynaklanan kisitlari ortadan kaldirarak 6grenme siirecine esneklik
katmaktadir. Ogrenme sorumlulugun 6grencide oldugu bdyle bir ortamda &grencinin kendi 6grenme
faaliyetlerini kontrol etmesi beklenir. Bu dogrultuda 6z-diizenleme becerileri ile anlamh 6grenmelerin
gerceklestigi bilinmektedir (Alci & Altun, 2007; Arsal, 2009; Ciltas 2011; Haslaman & Askar, 2007; Leung
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& Chan, 1998; Malpass et al. 1999; Uredi & Uredi, 2007; Zimmerman, 2002). Dolayisiyla adidaktik bir
O6grenme ortaminda; icinde barindirdigi soyut disiinceden dolayr 6grenilme diizeyi disiik olan (Dikici &
isleyen, 2004; Dikkartin Ovez, 2012; Narli & Baser, 2008; Tatar & Dikici, 2008; Ural 2006) fonksiyon
kavramina iliskin kavramsal bilginin olusturulmasi saglanabilir. Boylece matematigin temel
kavramlarindan biri olan fonksiyon kavraminin 6n sart oldugu diger matematiksel kavramlarin
ogrenilmesinin kolaylastirmasi (Altun, 2016) ve buna bagli olarak kavramsal anlamayi saglayacagi agiktir.
Bu nedenle adidaktik ortamlarda fonksiyon kavramina iliskin gerceklestirilecek 6gretim faaliyetlerinin
ogrencilerin matematige karsi tutumlarina ve matematik basarisina katkida bulunacagi disliniimektedir.
Bu dogrultuda oOgretim programinin yaklasimiyla uyumlu (Goémleksiz, 2005), fonksiyon kavrami
cergevesinde olusturulan adidaktik 6grenme ortaminin incelendigi bu g¢alisma, matematik 6grenme
ortaminda neler oldugunun incelenerek meydana gelen olaylari irdelemek ve didaktik ortamlarin
sinirhliklarini gidermesi agisindan 6nemli gérilmektedir. Bu baglamda yapilan ¢alismada, gergeklestirilen
sinif ici faaliyetler 6grenmede etkili problem ¢ézme (Karatas & Given, 2004; Olkun & Toluk Ugar, 2006;
Polya, 1981; Schoenfeld, 1985; Soylu & Soylu, 2006) sireci icerisinde ele alinmis, 6grencilerin miliue ile
olan etkilesimleri ayrintili olarak incelenmistir. Ayrica ¢alismada hem grup calismasi hem de bireysel
¢alismalara yer verilerek isbirlikli ve bireysel 6grenmenin bir 6rnegi de sunulmustur.

Bu dogrultuda c¢alismanin amaci, adidaktik bir 6grenme ortaminda gergeklestirilen fonksiyon
kavraminin &6gretimine yonelik slrecin incelenmesidir. Bu amagla ¢alismanin arastirma problemi
“Fonksiyon kavrami adidaktik bir 6grenme ortaminda nasil 6grenilmektedir?” olarak belirlenmistir.

Yontem
Arastirmanin Deseni

Bu ¢alismada nitel arastirma yontemlerinden durum calismasi modeli benimsenmistir. Bir ya da daha
fazla olayin, ortamin derinlemesine incelendigi yontem olarak tanimlanan durum g¢alismasi, bir olayi
meydana getiren ayrintilari tanimlamak ve olaya iliskin ¢esitli aciklamalar gelistirerek olayi
degerlendirmek amaciyla kullaniimaktadir. (Blylikoztlrk et al. 2008). Matematik siniflarinda fonksiyon
kavraminin nasil 6grenildigini arastirmayi hedefleyen ve DDT teorisini merkeze alan bu calismada, sinif
ortaminin derinlemesine incelenmesi amaclandigindan durum c¢alismasi arastirmanin modeli olarak
secilmistir. Arastirma bir okulun bir sinifinda gergeklestirildigi icin, deseni butlincll tek durum deseni
olarak belirlenmistir. Batiincul tek durum deseninde tek bir birim (bir birey, bir kurum, bir program, bir
okul vb.) analiz edilmektedir (Yildirnnm & Simsek, 2013).

Calisma Grubu

Arastirmanin ¢alisma grubunu seckisiz olmayan o6rnekleme yontemlerinden uygun oOrnekleme
yontemi ile secilen, Balikesir ilinde yer alan bir Anadolu lisesinde 6grenim goren 33 (18 kiz, 15 erkek)
dokuzuncu sinif 6grencisi olusturmaktadir. Arastirmada uygun érnekleme yénteminin secilme nedeni, bu
yontemle zaman ve isglcl acisindan var olan sinirhliklar nedeniyle kolay ulasilabilir ve uygulama
yapilabilir birimden secilmesidir. Ayrica ¢alismada grup ¢alismasi yapilarak adidaktik 6grenme ortaminin
olusturulmasi amaglandigindan 6gretmen ve Ogrencilerin gonilli olmasi gerekmektedir. Bu nedenle
calisma ilgili okulda 6grenim goren gonilli 33 6grenci ile gerceklestirilmistir. Calismaya gondlli olarak
katilan bu 6grenciler adidaktik ortamin eylem, ifade etme ve onaylama evrelerinde gruplar halinde
calismislardir. Gruplar olusturulurken matematik dersi I. donem karne not ortalamasi 85-100 olan
6grencilerden her bir grupta en az bir 6grencinin bulunmasi saglanmistir. Ayrica gruptaki 6grencilerin
not ortalamalari ile belirlenen grup basari ortalamalari dikkate alinmistir. Olusturulan gruplarin basari
ortalamalari Tablo 1’de verilmistir.
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Tablo 1.

Gruplar ve Gruplarin I. Dénem Matematik Dersi Basar1 Ortalamalari.

Gruplar Ogrenci Sayisi Grup Bagari Ortalamasi
Grup 1 6 84.36

Grup 2 6 88.33

Grup 3 7 83.20

Grup 4 7 81.33

Grup 5 7 76.66

Bu dogrultuda 2 grupta 6 ve 3 grupta 7 6grencinin yer aldig1 5 grup olusturulmustur. Tablo 1’e gore
gruplarin basari ortalamalari incelendiginde Grup 1’in basari ortalamasinin 83.36; Grup 2'nin 88.33; Grup
3’tin 83.20; Grup 4’Gn 81.33 ve Grup 5’in 76.66 oldugu gorilmektedir.

Arastirmanin c¢alisma grubunu seckisiz olmayan 6rnekleme yontemlerinden uygun oOrnekleme
ydntemi ile secilen, Balikesir ilinde yer alan bir Anadolu lisesinde 6grenim géren 33 (18 kiz, 15 erkek)
dokuzuncu sinif 6grencisi olusturmaktadir. Ayni sinifta yer alan bu 6grenci grubunun segilme nedeni,
matematik ©6gretmeninin ve 06grencilerin arastirmaya katilmaya gonulli olmalaridir. Matematik
o6gretmenin gorisleri dogrultusunda, I. donem matematik dersinde basarili 6grencilerden en az bir
6grencinin inin yer aldigi homojen gruplar olusturulmustur. Buna gore ¢alisma 3 grupta 7 kisi ve 2 grupta
6 kisi olmak tzere; 5 grup ile gerceklestirilmistir.

Siireg

Calismanin amaci dogrultusunda Ortadgretim 9. Sinif Matematik Dersi Ogretim Programinda yer alan
“Fonksiyon kavramini agiklar.” kazanimi ¢ergevesinde Brousseau tarafindan ortaya konulan DDT’nin bes
evresi ve adidaktik 6grenme ortaminin &zelliklerine uygun olarak bir miliue gelistirilmistir. Gelistirilen
miliue kapsaminda 6gretmen midahalesi olmadan 6grencilerin bilgiyi kesfetmeleri amaglanmistir.
Ogrencilerin adidaktik bir ortamda, yeni bilgileri kendi deneyimleriyle yapilandirabilmesi icin miliue ile
etkilesime girmesini saglayacak bir problem durumu ve yarisma etkinlikleri dizenlenmistir. Bu
dogrultuda 68rencilere arag kiralama problemi isimli rutin olmayan gercek hayat problemi sunulmustur.

Arac Kiralama Problemi: “Ahmet Midilli Adasina geziye gitmeye karar verir. Adadaki koylari dolasmak
icin bir giinlGgiine arag kiralamak ister. Milas sirketine gittiginde arabayi kullandigi kilometre bagina .40 $
ve giinlik 20.00 $ para istedigini 6grenir. Hemen yanindaki Helen sirketine gider ve onlarin da arabayi
kullandigi kilometre basina .80 $ para istedigini 6grenir. Ahmet bir tirli hangi firmanin karli olacagina
karar veremez. Ona yardim etmeye ne dersin?”

Adidaktik Ogrenme Ortami:Miliue bir problem durumu cergevesinde tasarlandigi icin her evrede
problem ¢ézme slrecinin asamalarinin gergeklesmesine yonelik 6grenci davranislarinin ortaya ¢ikmasini
saglayacak bir 6grenme ortami diizenlenmistir. Bu kapsamda 6grenme ortaminin ozellikleri soyledir:

1. Sorumluluk Aktarma Evresi: Bu evrede 6grenme sorumlulugunun 6grenciye aktarilmasini saglamak
amaciyla 6gretim sireci baslangicinda arag¢ kiralama problemi sunulmustur. Sinifta 6-7 Kkisilik
homojen bes grup olusturulmustur. Daha sonra milieunun énemli bir pargasi olan, 6grencilerin farkh
¢6zUm stratejileri gelistirmelerini hedefleyen bir yarisma dizenlenmistir. Yarismanin kurallari;
probleme iliskin grup calismalariyla en ¢ok sayida farkh ¢6zimi Gretme, Uretilen ¢oziimlerin
gecerliligi icin grup Uyelerini ikna etme, bulunan ¢dziimleri savunma, farkl gruplarin ileri strdtgi
¢6zUiim onerilerini degerlendirme, yapilan ¢éziimlerde bulunan hatali diistinceleri tespit etme olarak
belirlenmistir.

2. Eylem Evresi: Bu evrede problemle karsi karsiya birakilan 6grenciler grup igerisinde birbirleri ile fikir
alisverisinde bulunarak problemin ¢6zimine yoénelik cesitli stratejiler belirlemisler ve sectikleri
stratejilerin gerektirdigi islem ve algoritmalari yiritmislerdir. Ogrencilerin grup igi galismalarinda
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birbirleriyle etkilesimleri sonucu akranlarindan aldiklari donitler, grup Gyelerinin stratejilerini ve
¢6zlimlerini gdzden gegirmelerini saglamistir.

3. ifade Etme Evresi: Bu evrede miliue ile etkilesim halinde olan 6grenciler gelistirdikleri yontem, strateji
ve ¢0zUmlerini matematiksel bir dille ifade edip arkadaslariyla paylagmislardir.

4. Onaylama Evresi: Bir 6nceki evrede her grubun sundugu ¢oéziimler sinifca degerlendirilmistir. Hatali
oldugu distnilen ¢6zimin neden hatali oldugu diger gruplar tarafindan tartisilmis ve bu tartisma
sirecinde ¢6zUmu Ureten grup, ¢6ziminidn dogrulugunu savunmustur. Bu siregte Ogretmen
tartismalari yonetmis ve ¢ozlimlerin dogrulugu konusunda herhangi bir yargida bulunmamistir.
Ogretmen, 6grencilerin akran iletisimi ve tartisma ortami ile birbirleri arasinda olusturduklar biligsel
¢atisma ortami sayesinde dogru bilgiye ulasma siirecini kontrol etme gorevini tGslenmistir. Yapilan bu
uygulamanin amaci, farkh kavramlarin kullanimi ve ¢éziim 6nerilerinin gelistirilmesiyle 6grencilere
ilgili matematiksel dili kullanma imkani saglamaktir. Bu asamada siniftaki tiim bireylere dusiincesini
soyleme &zglrligl verilerek milieu ile etkilesime girmeleri saglanmistir. Ogrenciler cesitli
matematiksel kanitlar sunarak ¢éziimlerinin dogrulugunu kanitlamaya galismislardir.

5. Kurumsallastirma Evresi: Ogrencilerin miliue ile etkilesimleri sonucu ifade ettikleri informal
matematiksel agiklamalar 6gretmen tarafindan matematiksel olarak ifade edilerek formal bir yapiya
dénistirilmistir. Ogretmen 6grencilere yénelttigi  yonlendirilmis kesif sorulariyla problem
¢6ziminde elde edilen kilometre ve para degiskenleri arasinda kurulan iliskileri ve bu iliskilere dayal
olarak olusturulan degisken degerlerine ait kiimeleri, girdi ve ¢ikti kiimeleri gibi dislinerek bu
kiimeleri tanimlamalarini istemistir. Bu dogrultuda 6grencilerden arag¢ kiralama problemine iliskin
sonugclar hesap gerektirmeden bulan bir makine icat etmeleri ve bu makinenin kuralini bulmalari
istenmistir. Ardindan bulunan girdi ve c¢ikti kiimeleri ile makinenin kuralinin matematik dilinde
fonksiyon olarak isimlendirilen bir kavrama karsilik geldigi ve girdi ¢ikti kiimelerinin fonksiyonun
tanim ve deger kiimeleri olarak isimlendirildigi belirtilmistir.

Verileri Toplama

Calismada, adidaktik bir 6grenme ortaminda ortaya c¢ikan durumlari ayrintili olarak incelemek
amaglandigindan; goézlem yontemi kullaniimistir. Bu sliregte 6grencilerin  grup c¢alismalarindaki
diyaloglari ve sinif icinde gerceklesen miliue ile etkilesimleri gézlemlenmistir. Ogrenci etkinliklerinin
ylritilmesinde, arastirmacilarin ortama iliskin 6znel yargilarinin 6nlenmesi, grup c¢alismalarindan
kaynaklanabilecek bazi durumlarin gézden kagirilmamasi ve veri kaybi yasanmamasi amaciyla sirecin
her asamasi, arastirmaci disinda iki gézlemci tarafindan video kameralarla kayit altina alinmigtir. Bunun
yani sira arastirmanin givenirliginin icin gozlem verileri her grubun ¢odzimlerini yaptig kagitlarla
desteklenerek veri tutarliliginin saglanmasi amaclanmistir.

Veri Analizi

Arastirmada video kayitlari ve 6grencilerin ¢alisma yapraklarindan elde edilen veriler betimsel olarak
analiz edilmistir. Betimsel analizde amag, elde edilen verileri sistematik ve agik bir sekilde betimleyerek
okuyucuya dizenli ve yorumlanmis bilgi sunmaktir (Yildirim & Simsek, 2013). Bu dogrultuda 6grencilerin
fonksiyon kavramini 6grenme siireci, adidaktik 6grenme ortaminin bes evresi dikkate alinarak ayrintili
olarak betimlenmistir. Elde edilen bulgularda dogrudan alintilara yer verilmistir. Gruplarin uygulama
slirecinde sergiledikleri performanslar problem ¢6zme, fonksiyon bilgisini olusturma ve miliue ile
etkilesimleri agisindan hazirlanan kontrol listesiyle degerlendirilmistir. Uygulama olusturulan problem
durumu cercevesinde ylrtttldigi icin kontrol listesinde “problem ¢ézme” kategorisine yer verilmistir.
DDT’ne gore, milieu ile etkilesimlerin bilginin olusum sirecini etkilemesi nedeniyle “miliue ile etkilesim”
ve “fonksiyon bilgisini olusturma” diger kategoriler olarak belirlenmistir. Fonksiyon bilgisini olusturma
kategorisinde yer alan maddeler belirlenirken, 6n bilgileri kullanarak tanima, 6n bilgileri kullanma,
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fonksiyon bilgisini olusturma surecleri dikkate alinarak olusturulan 10 madde kontrol listesinde yer
almistir. Problem ¢6zme kategorisinde yer alan maddeler olusturulurken 6gretim programinda yer alan
problem ¢dzme sureci 6grenci davraniglari temel alinmistir. Bu kapsamda problemi anlama, strateji
gelistirme, gelistirilen stratejiyi uygulama, ¢dziimiin dogrulugunu ve gegerligini kontrol etme ve ¢6ziimu
genelleme basamaklarini dikkate alan 11 madde kontrol listesinde yer almistir. “Miliue ile etkilesim”
kategorisinde ise; 6grenci, 6gretmen, problem arasindaki etkilesimler, grup calismalari, tartisma
ortamlari ve o6grenci katilimlarini degerlendiren 14 madde kontrol listesinde yer almistir. Kontrol
listesinin kapsam gecerligi icin iki alan egitim uzmaninin gérisine basvurulmus maddelerde gerekli
degisiklikler yapilmistir. Bu kapsamda birbiri ile ayni 6zelligi 6lgen ifadelerden uygun olanlari kontrol
listesine dahil edilmistir. Bunun yaninda video kayitlari bagimsiz iki arastirmaci tarafindan incelenerek
adidaktik durum evrelerinde gergeklesen miliue etkilesimleri betimlenmistir. Veriler bagimsiz iki
arastirmaci tarafindan analiz edilmis kodlayicilar arasindaki uyum % 97.00 olarak tespit edilmistir.

Bulgular

Bu boélimde adidaktik bir 6grenme ortaminda fonksiyon kavramini olusturma sirecini incelemek
amaciyla elde edilen bulgular, DDT’nin beg evresine gére incelenmistir. Ayrica katihmcilarin sergiledikleri
performanslar kontrol listesiyle degerlendirilmis ve ulasilan sonuglar ylizde ve frekans tablosuyla
sunulmusgtur.

Sorumluluk Aktarma Evresi

Milieu kapsaminda 6grencilere sunulan problem cercevesinde ilk olarak problemin anlasiimasi igin
gerekli tartisma ortami olusturularak 6grencilerin probleme iliskin eksik ya da fazla bilgi bulunup
bulunmadigina iliskin 6znel degerlendirmelerini sinifta sunmalari saglanmistir.Gergeklestirilen
uygulamaya iliskin bir 6grencinin probleme iliskin degerlendirmesi asagida goriilmektedir:

Adem: Problemde iki tane sirket var, Ahmet bu sirketlerden hangisi karliysa onu segecek. Bence .40 |
olan birinci sirket daha iyi. Yani Milas sirketi. Clinkli ben dolar farkini hesapladim. Bir dolar 3.00 lira .80
ile .40 birbirinin iki kati oldugu icin 3 ile 2’yi carp, sonug 6.

Adem isimli 6grenci problemi kendi climleleri ile ifade etmis, bu sirada problemde gordiigu sayilarla
islem yaparak mekanik olarak bir sonuca ulasmaya calismistir. Bu silirecte sinif icinde problem
¢6zimuinde kullanilan yontemlerin 6gretilmesine dayali olarak gerceklestirilen 6gretim uygulamalarinin
etkisi gorulmistir. Bu etki kendisini ezbere dayal olarak kurallarla bir takim agiklamasi olmayan,
mekanik ¢6ziim onerilerinin 6grenciler tarafindan gelistirilmesiyle ortaya konulmustur (Altun & Arslan,
2006). Dolayisiyla problemde ne soruldugunun anlasilmamasi, problem ¢6zmeyi zorlastirdigl igin
problemdeki verilen ve istenenlerin ifade edilmesi, eksik veya fazla bilginin tespit edilmesi etkinliklerine
uygulama sireci basinda gerekli 6nem verilmistir. Bu kapsamda problemin anlasiimasi siirecinde birkag
6grenci arasinda gecen konusmalar su sekildedir:

Arastirmaci: Problemde fazla ya da eksik bilgi oldugunu disiinen var mi?
Merih: Eksik bilgi var. Bence kag kilometre gidecegini sdylememis.

Taha: Ben farkl disiintiyorum. iki sirkette kilometre basina kag¢ dolar 6demesi gerektigini sdylemis.
Ancak Helen sirketinin glinliik kag para istedigi eksiktir.

Merih: Hayir. Milas sirketi kilometre basina .40 S ve buna ek olarak giinlik 20.00 § istiyor.
Helen sirketi de kullanilan kag kilometre miktarina gore Uicret istiyor, fazladan para istemiyor.

Taha: Evet haklisinin sanirim. Ben tam anlayamamisim ayrintiyi.
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Arastirmacinin 6grencilere yonlendirdigi soru ile 6grencilerin problemi analiz ederek duslncelerini
Ozglr bir sekilde ifade etmesine izin veren bir atmosfer yaratiimistir. Bu siiregte g¢ogu 6grencinin
problemin tek bir cevabinin oldugunu diisiindiikleri gézlenmistir. Problem ¢6zme siirecinde problemdeki
degiskenin ne ifade ettigi ve problemde verilenlerle iligkisinin agiklanmasi problemin anlasiimasina iligkin
bir gdstergedir (Schoenfeld, 1985). Ogrencilerin yanitlari incelendiginde, soruda tek bir degisken
aranarak problemde verilen ikinci degiskeni eksik bilgi olarak algiladiklari gézlenmistir. Adidaktik
6grenme ortaminda Ogretmenin miidahalesi olmadan iki Ogrenci arasinda gecen bu konusma
ogrencilerin birbirleriyle etkilesime girerek problem hakkinda sahip olduklari farkh fikirleri birbirlerini
ikna ederek degistirdiklerini gostermektedir. 20 dakika siren bu asamanin sonucunda, 6grencilerin
olusturulan problemi anlayarak ne yapmalari gerektigi konusunda 6grenme sorumlulugunu ustlenmeleri
saglanmistir.

Eylem Evresi

Bu evrede, olusturulan gruplar belirlenen yarisma kosullarina uyarak problemi ¢dzmek icin cesitli
stratejiler gelistirmis ve bulduklari stratejileri uygulayarak grup calisma kagitlarina aktarmuslardir.
Belirlenen ¢oziimlerin grup Uyelerinin tamaminin onayinin alinmasi ile grup karari olarak kabul edilmesi,
ogrencileri grup icerisinde isbirligi yapmaya sevk etmistir. Boylece 6grenme sorumlulugunu Ustlenen
Ogrenci, grup arkadaslariyla etkilesime girerek arag kiralama problemini ¢6zmek ve oyunu kazanmak igin
stratejiler gelistirip uygulayarak eylem evresinigerceklestirmistir. Bu evreye iliskin grup tyeleri arasinda
gerceklesen diyaloglara iliskin 6rnekler asagida sunulmustur:

Aleyna: Yola x desek, sonra sayisal olarak bir sonug bulabiliriz.
Ayse: Daha sonra buldugumuz denklemi esitleyebiliriz.

Zeynep: Bence de bu ¢ozlimle yol degiskenini bulabiliriz.

Ayse: Yol x olsun. Milas igin "ix+20", Helen igin "2 " ikisini esitlersek 2x+20=2x
10 10 10 10

denklemini ¢gdzmemiz gerek.

Zeynep: O halde yol 50.00 km olur.

Aleyna: Ben su anda hicbir sey anlamadim.

Ayse: Yarismaya gore birbirimizi ikna etmeliyiz. Gruptan bir kisi ikna olmazsa ¢6zimi savunamayiz.

Zeynep: Bak simdi ilk basta yazdigimiz esitlikte sadece 50.00 km de her ikisi de ayni parayi aliyor.
Ama farkli kilometre ile hesapladigimizda Milas sirketi daha karli ¢ikiyor. Ornek verirsek 10.00 km de
Milas 24.00 S kazaniyor. 10.00 km de Helen 8.00 $ kazaniyor. 50.00 km den farkli yol alma sonucunda
Milas sirketi kardadir.

Yukaridaki diyalogda goruldagia gibi 1. Grup problemi ¢dézmek igin isbirligi icerisinde stratejiler
gelistirmis; Uyelerin tamaminin ikna edilmesi kuralini dikkate alinmistir. Ogrenme ve dgretim siirecinde,
isbirligi ve dayanismaya dayal bir yaklasimin benimsenmesi, 6grencilerin kendilerini rahat ifade
edebilecekleri demokratik bir 6grenme ortaminin olusmasini saglamaktadir (MEB, 2013). Dolayisiyla
grup calismalariyla ¢6zim onerileri gelistirilirken 6grenciler fikirlerini 6zglr bir sekilde ortaya atmistir.
Problemin ¢6ziimi icin strateji belirlenirken 5. grupta bu durumun tersi bir siire¢ yasanmistir. ilgili
diyalog asagida verilmektedir.

Taha: 5.00 km gitse Helen 4.00 $ aliyor. Bunlarin ikisini hesaplarsak belli bir kilometre den sonrasi
Helen, belli bir kilometre den éncesi Milas karli olur.

Ahmet: Hayir.
Taha: Oyle, herkesin kafasini karistirma. Hig ugrasmiyorsunuz ki.

Mehmet: Ne yaptigini anlamadik ki.
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Taha: Neden anlamadiniz? Helen sirketi 5.00 km de 4.00 $ kazaniyor.
Ahmet: Nereden 5.00 km gidiyor?
Taha: Oyle deger verdim, kafadan attim.

Yukaridaki diyalogda goruldigu gibi ¢6zim Uretmek igcin 5. gruptaki 6grenciler bireysel
sorumluluklarini yerine getirmemektedir. Grup igerisinde bir kisinin ¢dzlim tretmesi digerlerinin sadece
dinlemesi, problemin ¢6zimi igin bir Onerinin gelistiriimesini engellemistir. Grup c¢alismasinda
ogrencilere verilen gorevin yerine getirilmesi, grubun yapisi, 6grencilerin birbirleriyle iliskisine bagh
oldugu (Akyliz, 2006) icin Taha’nin davranisi probleme yonelik ¢dziim stratejilerinin gelistirilmesine ve
uygulanmasina engel olmustur. Gorildigu gibi eylem evresinde 6grenciler miliue ile etkilesime girerek
probleme ¢oziimler iretmeye galismislardir. Akran etkilesiminin yasandigi gruplarda bu siirecin basaril
oldugu gorilmistar.

ifade Etme Evresi

Bu asamada eylem evresinde gruplarin probleme yonelik Urettikleri ¢6ziim stratejileri ve uygulamalar
sinifta agiklanmistir. Stirece yonelik Grup 1’in Urettigi ¢cdzim Sekil 1’ de verilmistir.
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t20= £ 30 C e s
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Sekil 1. Grup 1’in ¢6ziimii.

Sekil 1’de verilen ¢6ziime yonelik Grup 1’in agiklamasi soyledir:

Zeynep: Yola x diyerek herhangi bir yol belirledik. Milas’in alacagi para %x + 20 ’dir. Helen sirketinin

alacagi para ise %X dir. Daha sonra bu denklemleri esitleyerek ¢6zdik. x’i yani yolu 50 bulduk. Yol 50.00

km oldugunda iki sirket de ayni parayi aliyor. Ama kilometreyi farkli hesapladigimizda mesela 10.00
km’de Milas sirketi 24, Helen sirketi 8.00 $ aliyor. Bu durumda 50.00 km’den farkh yollarda Helen
sirketini tercih etmelidir. 50.00 km’de her ikisini de tercih edebilir, fakat fakl yollarda Helen sirketini
tercih etmelidir.

Grubun agiklamasi incelendiginde kilometre degerini degisken olarak secip, bu degiskeni temsil
etmesi icin x ifadesini kullanarak iki sirket icin cebirsel ifadeler yazdiklari, problemi ¢ézerken dogru
strateji ve yaklasimi kismen belirleyebildikleri goriilmustiir. Ancak kavramsal hatalar yaptiklari icin hangi
sirketin karli olacagina yonelik yanlis bir genellemeye vararak 50.00 km disinda Helen sirketi karldir
fikrini savunduklari belirlenmistir. Probleme yonelik Grup 5’in Urettigi ¢ozim Sekil 2’ de verilmistir.
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Sekil 2. Grup 5’in ¢6ziimii.

Besinci grubun ¢ozimlerinde, kilometre degiskeni arttikga 6denecek para miktarinin artacagi
dusiincesinden yola gikarak kilometre icin tek deger secip para miktarini hesapladiklari ve genellemeye
gittikleri gorilmistiir. Ogrencilerin tahminde bulunarak ya da deneme—yanilma ile ulastiklar ¢dziimii
genelleme yoluna gittikleri bu davranisi, Radford (2008) olgunlasmamis tlimevarim olarak
actklamaktadir. Bu sirecte 6grenciler tek deger icin hesaplama yapmis, problemde verilen degiskenler
ve aralarindaki iliskileri belirlemeden uzun yolda Helen sirketinin secilmesi gerektigini belirtmislerdir.
Ancak ‘uzun yol’ ifadesiyle kag kilometre kastedildigini agiklamamislardir. Benzer sekilde, Grup 1’deki
ogrenciler de sadece 10.00 km i¢in para miktarini hesaplamis ve bulduklari sonucu genellemislerdir. 25
dakika siiren bu asamada grup sozcileri Urettikleri ¢6zim oOnerilerini kimsenin midahalesi olmadan
sunmus ve gelistirdikleri modelleri ortaya koymuslardir.

Onaylama Evresi

Bu asamada, 6grenciler ifade etme evresinde ileri siirdiikleri ¢ozimlerin ve genellemelerin neden
dogru oldugunu dnceki matematiksel bilgilerini kullanarak ispatlamaya calismiglardir. Ogretim siirecinin
en uzun asamasl olan bu evre 35 dakika siirmistiir. Uretilen ¢éziim &nerilerine yénelik itirazlar
gerekgeleriyle birlikte sinif ortaminda agiklanmistir. Sekil 3’te Grup 3’Gn sundugu ¢o6ziim Onerisi
verilmektedir.
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Sekil 3. Grup 3’iin ¢éziimii.

Grup 3’lGn sundugu ¢6zim oOnerisine yonelik miliue kapsaminda 6grenciler arasinda gergeklesen
diyalog asagida verilmektedir.
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Ecem: Biz Milas ve Helen sirketinin 5.00 km igin kag dolar alacaklarini hesapladik. Milas kilometre
bagina .40 S aliyor. Ama ister sifir kilometre gitsin, ister 100.00 km gitsin giinlik 20.00 $ daha istiyor.
Helen sirketi ise sadece kilometre bagina .80 $ istiyor. Yani glinlik bir para istemiyor. 5.00 km basina
hesapladigimizda Milas kilometre basina 2.00 $ ve ginliik 20.00 $ aldigi igin toplam 22.00 $ alir. Helen
ise sadece 5.00 km icin 4.00 $ alir. Buradan Helen 4.00 S aldigi icin daha karli olan Milas’tir. Ama bunu
sadece 5.00 km icin hesapladik. Kilometre belli olmadigl igin sorunun ¢6ziminid tam olarak
bulamayacagimizi diisiiniiyoruz. Hangisinin karli oldugu hakkinda yorum yapamayiz.

Arastirmaci: Grup 3’lin agikladigi ¢éziime yonelik itirazi olan var mi?

Ali: Bence soyledigi ¢6zim eksik. Sorunun ¢6zlimiini tam olarak bulamayiz demiglerdi. Ama aslinda
soru ¢Ozulebilir. Farkli kilometre degerleri igin karli sirketi bulabiliriz.

Arastirmaci: Bunu kanitlayabilir misin?

Ali: Milas sirketi giinde 10.00 km giderse 24.00 $ para alir. Ama Helen daha dustk bir para alir. Biz
bunu 100.00 km’ye kadar hesapladik (Ogrenci tahtada gruplarina ait kendi ¢éziimlerini gésterir). Giinde
50.00 km igin hesapladigimizda ikisi de esittir. Giinde 20.00 km de Helen karli ¢ikti. Giinde 49.00 km igin
denedigimizde yine Helen karli ¢ikti. Ama 51.00 km de denedigimizde Milas daha karli ¢ikti. Yani 10.00 ve
50.00 km arasinda Helen’i tercih etmeli, 50.00 km’den fazla mesafelerde Milas sirketini tercih etmeli
seklinde yorum yapabiliriz.

Ecem (Grup 3) soruda kag kilometre gideceginin belirtimemesi nedeniyle sorunun tam olarak
¢ozlilemeyecegini savunmus ve siniftaki diger arkadaslarini ikna etmeye calismistir. Ancak Ali (Grup 4)
itiraz etmis ve gesitli kilometre degerlerini deneyerek Ecem’in hatali distindigliini matematiksel islemler
ile ispatlamistir. Bu asamada Ali kendi grubunun 0Onerisini savunmus, boylece Grup 3’Gn Onerisini
cliritmeye calisarak “ Ginde 10.00 ve 50.00 km arasinda Helen’i tercih etmeli, 50.00 km’den fazla
mesafelerde ise Milas sirketini tercih etmeli” iddiasini ortaya atmistir. Bu iddia da sinifta tartismalara
neden olmustur. Miliue kapsaminda 6grenciler arasinda gecgen diyalog asagida verilmektedir.

Ali (Grup 4): Ginde 50.00 km igin sirketler esit Ucret alir. 10.00 igin Helen, 100.00 km igin Milas
karlidir.

Fatih: (Grup 2): Hayir biz bu diisiinceye katilmiyoruz.
Ali: Nedenini kanitlamalisiniz. Yoksa biz puani aliriz.

Fatih: Sadece 10.00 km degil, 10.00 km’nin altindaki degerler de var. Yani giinde 50.00 km’ye kadar
Helen daha karli, 50.00 km’de esit, 50.00 km’den sonra Milas daha karlidir.

Ali: Ayni sey! 10.00 km ile 50.00 km arasinda alsan da 1.00 km ile 50.00 km arasinda alsan da, yine
Helen karli olacak.

Fatih: Ayni sey degil. Kilometreyi 10.00 km ile 50.00 km arasinda aldigin zaman bulunan sonucu,
10.00 km den daha az mesafeler i¢cin de kabul edemezsin. 10.00 km den kiiclik degerleri ihmal
ediyorsun. Belki arabayi sadece 5.00 km kullanirlar. O zaman yine Helen karli olur.

Ali: Aaaa! Dogru bunu fark etmemisiz.

Bu sirecte Ali glinde 10.00 km ile 50.00 km arasindaki kilometre degerler ile 50.00 km’ye kadar olan
degerlerin ayni anlami ifade ettigini savunmustur. Ancak Ali’nin yaptigi bu hata Grup 2 tyeleri tarafindan
fark edilerek verdigi ornekle dizeltilmistir. Onaylama evresinin 6zelligi agisindan ortaya atilan
distincelerin gerekgeleriyle birlikte agiklanmasi, bu tir hatalarin ortadan kaldinimasina imkan
saglamistir. Gerekgeler sunarak etkilesimde bulundugu kisinin dislincesini sorgulama ve kendi fikrini
savunma davranisi, miliue kapsaminda onaylama evresinde gerceklestigi gibi eylem evresinde grup igi
c¢ozlimler Uretilirken de gergeklesmistir. Grup 2'nin onaylama evresinde sundugu ¢6ziim 6nerisi asagida
verilmistir.
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Sekil 4. Grup 2’nin ¢6ziimii.

Merih (Grup 2): 50.00 km igin iki sirkette esit Ucret alir. 50.00 km ye kadar Helen, 50.00 km den
fazlasi igin Milas tercih edilmelidir. 20.00 km degerini verdigimizde Milas sirketi 28.00 S, Helen sirketi
16.00 $ aliyor. Bu degeri 40.00 km olarak alirsak Milas 36.00 S, Helen 32.00 $ aliyor. 80 degerini
verdigimizde ise Milas 52.00 $, Helen 64.00 S aliyor. 50.00 km de olunca da ikisi de 40.00 $ yani esit
miktarda para aliyorlar. Bunun sonucunda Ahmet 50.00 km’nin Ustlinde yapacagi bir yolculukta Milas’i,
50.00 km’nin asag! yapacag yolculukta Helen’i secerse daha karli olur. 50.00 km de ise her ikisini de
secebilir. itirazi olan var mi?

Taha, Zeynep, Ali ve Ecem: Hayir yok dogru sonug bu olmali.

Goruldugu gibi Merih onerisini kilometre degiskenine degerler vererek kanitlamaya galismistir.
Arkadaslarinin sunulan ¢ézimde herhangi bir eksik ya da hata bulamamalari lizerine 6nerinin dogrulugu
sinifca kabul edilmistir. Dogrulama evresinde genel olarak gruplar tarafindan ifade edilen ¢6zim
onerileri gerekgeleri ile agiklanmig; yanhs olan dneriler milieudaki diger 6grenciler tarafindan duzeltilmis
ve neden yanhs oldugu 6grenciler tarafindan kanitlanmaya calisilmistir. ikinci evrede gruplar icinde
yapilan dogrulama islemleri incelendiginde 6grencilerin ortaya attiklari modelleri kanitlamada tim
durumlar icin bir genelleme ortaya atmakta zorlandiklari ancak lglincii evrede gruplar arasi dogrulama
sirecinde tersi durumun gelistigi gdzlenmistir. Bu degisime milieu ile etkilesimlerin artmasinin neden
olabilecegi diisiinilmektedir.

Kurumsallastirma Evresi

Bu evrede, onceki evrelerle miliue ile etkilesimin sonucunda 6grencilerin ulastigl sonuglarin
yonlendirilmis kesif sorulari yardimi ile formal bilgiye donistiriilme sireci gerceklestirilmistir. Bu
dogrultuda evrede yasanan etkilesime yonelik bir diyalog asagida verilmektedir.

Arastirmaci: Elde ettiginiz ¢6ziimlerde kilometre degeri icin kullandiginiz x, matematik dilinde ne
ifade etmektedir?

Ogrenciler: Degisken.
Arastirmaci: Problemde yer alan diger degiskenler nelerdir?
Ali, Zeynep ve Fatih: Para var, kilometreye gore degisiyor.

Arastirmaci: Degisken olarak belirlediginiz para ve kilometre arasindaki iliskiyi cebirsel olarak ifade
edebilir misiniz?

Oguzhan: O zaman paraya y, kilometre degiskenini x olarak secebiliriz.

Merih: Milas, y = .40x + 20 ve Helen y = .80x olur.
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Arastirmaci: Bu iki degisken arasindaki iliskiyi farkl sekilde ifade eden var mi?

Ogrenciler: Yok, hepimiz Merih’e katiliyoruz.

Arastirmaci: y = .40x + 20 ve y=.80x ifadeleri size matematiksel olarak neyi ¢agristiriyor?
Ogrenciler: Dogru denklemi, denklem.

Arastirmaci: Helen ve Milas sirketlerinin gelen misterilerden talep edecegi para miktarini hesaplayan
bir makine icat etmek istenseydi, bu makinelerin kurali sizce ne olurdu?

Merih:y = %x + 20 Milas makinesinin kurali olurdu.

, 8 L
Sileyman:y = X Helen makinesinin kurali olurdu.

Arastirmaci: Bir ginligine kiraladigi aract 200 km kullanmak isteyen bir misterinin 6deyecegi para
miktarini hesaplamak icin makineye hangi saylyi girersiniz? Bu makineler misteriye 6deyecegi para
miktarini gdsteren bir fatura verse, fatura tcreti ne olur?

Mehmet: Makineye girdi olarak 200 yazardik, ¢ikti olarak y degerini yani 6denecek para miktarini
yazardi. x degerleri burada girilen sayilar olurdu.

Evrenin devam eden siirecinde 6gretmen 6grencilerin buldugu makinelerin matematikte fonksiyon
kavramina karsilik geldigini, problemi ¢ézerken bulduklar x degerlerinin olusturdugu girdi kiimesinin bu
makinenin yani fonksiyonun tanim kimesi, y degerlerinin ise fonksiyonun deger kiimesi oldugunu
aciklar. Bulunan matematiksel kurallar cergevesinde girdi ve c¢ikti degerlerini gosteren bir tablo
ogrenciler tarafindan diizenlenir. Ardindan arastirmaci fonksiyonun tanimini ve ilgili 6rnekleri tanitir.
Ogrencilerin olusturdugu bilginin baska bir ortamda da gecerli olmasi icin kurumsallastirilmasi gereklidir
(Brousseau, 2002). Bu 6grencilerin zihninde canlandirdigi tanim ve deger kiimeleri arasinda iliski kuran
hayali makine fonksiyon; bu iliskiyi belirten makinenin kuralina da fonksiyon kurali dendigi aciklanarak
olusturduklari bilgiye kurumsal bir stati kazandirilmistir. Son olarak olusturulan fonksiyon kavraminin
pekistirilmesi icin somut 6rnekler verilerek 6gretim siireci tamamlanmistir.

Arastirmanin amaci kapsaminda uygulamaya katilan 6grencilerin uygulama sirecinde sergiledikleri
performanslar bagimsiz iki arastirmaci tarafindan problem ¢6zme, fonksiyon bilgisini olusturma ve miliue
ile etkilesimleri acgisindan hazirlanan kontrol listesiyle grup bazinda degerlendiriimis ve elde edilen
sonuglar Tablo2’de verilmistir.

Tablo 2.
Gruplarin Géstergelerdeki Davranislari Sergileme Oranlari.

Gruplarin Gostergelerdeki Davranislari Sergileme Oranlari

Grup 1 Grup 2 Grup 3 Grup 4 Grup 5
Kategoriler (n=6) (n=6) (n=7) (n=7) (n=7)

f % f % f % f % f %

Problem cézme 8 7272 9 8181 6 5454 9 8181 7 63.63

(11 madde)
Fonksiyon bilgisi olusturma 9 10000 9 10000 4 4440 9 10000 4 44.40
(9 madde)
Milieu ile etkilesim

14 10000 13 9285 8 5714 14 10000 7 50.00
(14 madde)

Tablo 2’ye gére problem ¢6zme siirecinin degerlendirilmesine iliskin kontrol listesinde yer alan 11
gosterge incelendiginde, gruplarin bu gostergelerdeki davranislari sergileme orani Grup 1 igin %72.72,
Grup 2 ve Grup 4 igin % 81.81, Grup 3 icin % 54.54 ve Grup 5 igin % 63.63 oldugu tespit edilmistir. Bu
kapsamda problem ¢ézme kategorisinde genel olarak butiin gruplarin problemi anlayarak ¢éziim igin
strateji gelistirdikleri belirlenmistir. Ogrencilerin ¢dziim stratejileri incelendiginde Grup 1’in denklem ve
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degisken kullanarak, diger gruplarin ise degiskenlere deger verip tahmin etme stratejisini kullanarak
¢6zlime ulasmaya calistigi gozlemlenmistir. Yaptiklari ¢6zimiin dogrulugunu ve gegerligini kontrol
ettikleri asamada 1, 2 ve 4. Grup hatali bir yol izlediklerini fark ederek problemi tekrar gézden gegirmis
ve yeni ¢O6zim yollari aramiglardir. Bu kapsamda higbir grup birden fazla ¢6zim stratejisi
gelistirememistir. Genel olarak {i¢ grubun problemi anlama, ¢6ziimi planlama, plani uygulama, ¢dziimiin
dogrulugunu ve gecerligini kontrol etme, ¢6ziml genelleme asamalarini basari ile gectikleri iki grubun
ise ¢ozlimiin dogrulugunu ve gecerligini kontrol etme asamasinda basarili olamayip problemi
sonlandiramadiklari belirlenmistir.

Tablo 2 incelendiginde; fonksiyon bilgisini olusturma sirecinin degerlendirilmesine iliskin kontrol
listesinde yer alan 9 gosterge incelendiginde; gruplarin gostergelerdeki davranislari sergileme oranlarinin
Grup 1, Grup 2 ve Grup 4 i¢in % 100.00, Grup 3 ve Grup 5 icin % 44.40 oldugu tespit edilmistir. Gruplarda
yer alan 6grenci sayilari agisindan tim sinifin adidaktik 6grenme ortaminda fonksiyon bilgisini olusturma
suirecini % 77.77 oraninda tamamladiklari gézlenmistir.

Elde edilen bulgular incelendiginde fonksiyon bilgisini olusturma kategorisinde, Grup 3 disinda yer
alan tim gruplarin problemdeki degiskenleri tespit ederek cebirsel ifadelerle sembolize ettikleri
gorilmistir. Grup 3’te yer alan 6grencilerin ise deneme-yanilma yoluyla aritmetik genelleme sirecini
yasadiklari ancak olgunlasmamis timevarimin bir 6rnegini gostererek dogru genellemeye ulasamadiklari
belirlenmistir. Bunun yaninda tim gruplar kilometre degiskenine bagli olarak para degiskenini
hesaplayabilmistir. Ancak bu siregte Grup 3 ve Grup 5’in degiskenler arasindaki iliskiyi veren
denklemleri kuramadig gozlenmistir. Genel olarak Grupl, Grup2 ve Grup 4’Gin fonksiyon bilgisini
olusturma surecinde 6n bilgileriyle yeni bilgileri iliskilendirebildikleri; diger iki grubun ise gerekli 6n
bilgileri hatirlamalarina ragmen bu bilgiler arasinda iliski kuramadiklari i¢in fonksiyon kavramini
zihinlerinde olusturmada basarisiz olduklari gorilmistiir. Bu duruma iki grubun adidaktik ortam
siirecinde miliue ile dusik etkilesiminin neden oldugu distintilmektedir.

Adidaktik ortamda milieu ile etkilesim kategorisine iliskin kontrol listesinde yer alan 14 gosterge
incelendiginde; gruplarin kontrol listesinde yer alan gostergelerdeki davranislari sergileme oranlarinin
Grup 1 ve Grup 4 icin % 100.00, Grup 2 igin % 92.85, Grup 3 igin %57.14, Grup 5 icin % 50.00 oldugu
tespit edilmistir. Milieu ile etkilesim siirecinde 6grencilerin timi sunulan problem durumunu ¢ézme
siirecine katilmistir. Ogretim siirecinde gruplarin bilgiyi olustururken géstermeleri beklenen davranislari
o6gretmenin midahalesinden bagimsiz olarak gercgeklestirdikleri ve dislincelerini 6zgiir bir sekilde ifade
ettikleri gézlenmistir. Ayrica gruplar tartismalar sirasinda birbirlerinin diisiincelerini dinlemis ve ortaya
atilan gerekgeler dogrultusunda dusiincelerini degistirmislerdir. Bu siiregcte Grup 3 ve Grup 5’in grup
¢alismasi yapmak yerine bireysel olarak ¢oziim siirecine katildiklari gézlenmistir. Bu gruplarda uyelerin
bireysel sorumluluklarini yerine getirmedigi gortlmistir. Bireysel sorumluluklarin yerine getirildigi
isbirligi icerisinde calisan diger lg¢ grupta ise, Uyeler birbirlerini cesaretlendirerek fikir alisverisinde
bulunmus ve ortaya atilan oneriler, grubun ortak karari olarak belirlenmistir. Bu kategoride 1, 2 ve 4.
gruplarda yer alan 6grencilerin adidaktik 6grenme ortaminin her evresinde siirece katilarak miliue ile
etkilesimde bulunduklari, Grup 3 ve Grup 5’te yer alan 6grencilerin ise grup c¢alismasinda basari
saglayamadiklari gorilmistar.

Gruplarin belirlenen hedefe ulasmasi, lyelerin bireysel amacglarina ulasmasiyla mimkiindir. Bu
slirecin basarili sekilde tamamlanmasinda isbirlik¢i ¢alisma 6nemlidir. Grubun basarisi igin, grubu
olusturan bireylerin birbirlerine yardim etmeleri gerekmektedir (Lejik & Wyvill, 2001). Grup ¢alismasinin
gereklerini yerine getirmedikleri igin uygun bir ¢d6zim 6nerisi ve dogrulama ortaya koyamayan Grup 3 ve
Grup 5 ifade etme, onaylama ve kurumsallastirma evrelerinde varlik gosterememislerdir. Bu durum
fonksiyon bilgisinin olusma siirecinde basari getirmemistir.

Genel olarak Tablo 2 incelendiginde olusturulan siirecin degerlendirilmesine iliskin gruplarin kontrol
listesinde yer alan gostergelerdeki davraniglari sergileme diizeyi Grup 1 ve Grup 2 igin % 91.17, Grup 3 ve
Grup 5igin % 52.94 ve Grup 4 igin % 94.12 oldugu goriilmustir. Buradan hareketle milieu ile etkilesimin
fazla oldugu gruplarda, problem ¢dzme silrecinin tamamlandigi ve fonksiyon bilgisine ulasildigi
belirlenmistir.
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Tartisma, Sonug ve Oneriler

Adidaktik bir 6grenme ortaminda gergeklestirilen fonksiyon kavraminin 6gretimine yonelik siirecin
incelendigi bu ¢alismada; DDT’de tanimlanan adidaktik 6grenme ortamlarinin bes evresi agiklanmig ve
ogrencilerin verilen problem durumu gergevesinde olusturulan milieu ile etkilesimleri incelenmistir.

Calismanin sonucunda sorumluluk aktarma evresinde, 6grencilerin problem ile ilk karsilastiklarinda
problemi anlamadan gordikleri sayilarla islem yaparak sonuca ulasma egiliminde olduklari gbzlenmistir.
Bireylerin problem ¢6zme sirecinde sonug¢ odakh yaklasimlari (Altun & Arslan, 2006; Ford, 1994;
Schoenfeld, 1985; Soylu & Soylu, 2006) sirecin saglkli ilerlemesine engel teskil ettiginden; problemin
anlasilmasina 6énem verilmistir. Problemin anlagilmasi ve 6grenme sorumlulugunun kurulan oyun
senaryosu ile 6grencilere aktarilmasinin ardindan eylem evresindedgrenciler grup arkadaslariyla ¢alisma
yaparak ¢ozim igin gesitli stratejiler gelistirmis ve uygulamislardir. Grup c¢alismasinda 6grenciler énce
bireysel calisarak ¢6ziim yontemi gelistirmis; daha sonra grup arkadaslari ile iletisim kurmuslardir.
Ogrencilerin sahip olduklari 6n bilgilere dayal olarak olusturulan yeni matematiksel yapilar, gelistirilen
¢6zim oOnerileri ve bu oOnerilerin kanitlanma sireci icerisinde ortaya c¢ikmistir. Bu calismalar
dogrultusunda; grup icerisinde milieu ile etkilesimler sonucu gelistirilen ¢6zim oOnerileri ifade etme
evresinde sinif ortaminda sunulmustur. Bu asamada bir grup problemi denklem kurarak ¢6zmus; diger
gruplar ise degerler vererek bulduklari sonucu ¢6ziim icin genelleme yapmaya calismistir. Ancak Grup
3’te yer alan 6grencilerin problemi ¢dzerken deneme-yanilma gibi sinirli sayida strateji kullanmalari
(Akkan et al. 2012; Gick, 1986; Radford, 2008) onlari sezgisel olarak hatali sonuca ulastirmistir. Ortaya
atilan ¢6ziim 6nerilerinin dogru ya da yanlishg 6grenciler tarafindan onaylama evresinde test edilmistir.
Bu asamada problemin ¢6zimi icin olusturulan modellere itirazi olanlar gerekgelerini kanitlayarak
¢6zUmU sunan arkadaslarini ikna etmistir. Hatali ¢6ziim sunan grup, ortamdan aldig1 dondtlerle bilgisini
diizeltmis ya da degistirmistir. Bu siire¢ grup galismalari sirasinda da yasanmistir. Onaylama evresinde
dogrulugu kanitlanan modeller, sinifin bilgisi haline gelmis ve 6grencilerin informal dille ifade ettikleri bu
bilgiler kurumsallastirma evresinde dgretmen tarafindan formal bir yapiya dénustiirilmistiir. Ogretmen
fonksiyon tanimini, tanim ve deger kiimesi kavramlarini ¢ozillen problemde elde edilen sonuglar ile
iliskilendirerek agiklamistir. Adidaktik ortamin evrelerinin i¢ ice bir silire¢ icinde var oldugu sonucuna
ulasilmistir. Bu kapsamda ozellikle eylem, ifade etme ve dogrulama evrelerinin (Arslan et al. 2011)
zaman zaman sinirlari kesin cizgilerle ayrilamamistir. Ancak sunulan problem durumu ve oyun
cercevesinde adidaktik 6grenme ortami evreleri sinif etkilesimine katkida bulunmustur.

Ogretim siirecinin degerlendirilmesine iliskin kontrol listesinde yer alan gdstergelere yénelik
ogrencilerin bu gostergelerdeki davranislari sergileme dizeylerinin tim sinif igin ortalama problem
¢6zme sireci igin % 70.90, fonksiyon bilgisini olusturma icin % 77.77, milieu ile etkilesim igin % 80.00
oldugu sonucuna ulasiimistir. Fonksiyon bilgisinin % 77.77 oraninda 6grenciler tarafindan kazanilmasinda
adidaktik ortamin evrelerinin etkili oldugu distnilmektedir.

Grup bazinda degerlendirilen bu performanslara iliskin milieu ile etkilesimin yliksek oldugu gruplarin
problem ¢6zme sirecini basariyla tamamlayarak fonksiyon bilgisine ulastiklari, ¢alismalarini isbirligi
icerisinde yapmayan gruplarin ise problem ¢ézme siirecinde ¢ézimiin dogrulugunu ve gegerligini kontrol
etme asamasinda sorunlar yasayarak fonksiyon bilgisini olusturamadiklari gézlenmistir. Miliue ile
etkilesime girerek tim asamalarda aktif katilim gosteren gruplarin, olusturduklari deger tablolari ve
kurduklari denklemler ile problemde var olan cebirsel islemleri ve degiskenler arasindaki iliskileri
taniyarak iki bilinmeyenli denklemleri kurarak kullandiklari gortlmustir. Bu sonu¢ bu 6grencilerin iki
bilinmeyenli denklem bilgisini taniyarak kullandiklarini gostermistir. Ayrica ¢ogu 6grenci kurulan
denklemlerle ilgili girdi ve ¢ikti kimelerini tanimlayarak uygulama sonunda fonksiyon bilgisini
olusturmustur. Ogretmenin acgiklamalarindan sonra sinifin bilgisi haline gelen fonksiyon bilgisine iliskin
farkh uygulamalar yaparak verilen fonksiyonlarin tanim ve deger kiimelerini bulabilen ve farkli fonksiyon
ornekleri verebilen 6grencilerin olusturduklari bilgiyi kullanmada basarili olduklari belirlenmistir.

Sonug olarak olusturulan adidaktik 6grenme ortaminda milieu ile etkilesimlerin yiksek oldugu
durumlarda evrelerin kolay bir sekilde tamamlanarak hedef bilginin olusturuldugu soylenebilir. Elde
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edilen sonuglar dogrultusunda DDT’'nin ortaya koydugu cerceve sayesinde her durumda zenginlesip
degisen bir ortam sunularak (Brousseau, 2002) 6gretim siireci sonunda 6grenciler fonksiyon bilgisini
kesfetmis, ifade edip dogrulamislardir. Ayrica 6grenciler yaptiklari yari deneyselci matematik felsefesine
uygun denemelerle (Baki et al., 2010) savlarini matematiksel olarak kanitlamaya baslamislardir. Bu sonug
teoriye iliskin arastirma sonuclariyla paralellik géstermistir (Bloch, 2003; Sadovsky & Sessa, 2005). Bu
baglamda c¢alisma, matematik felsefesi ile okul matematiginin iliskilendirildigi ve 6gretim programinin
yaklasimina dayali (Baki et al., 2010) 6grenme ortamlarini tasarlamada 6rnek teskil etmektedir. Ayrica
yapilan bu uygulama, teorinin odak noktasi olan 6grenen-6greten iliskilerini (Bartlett, 2005; Brousseau,
2002), ortamdaki etkilesimlerin karmasik yapisini ve bilgiyi olusturma silreglerini tanitma imkani
saglamistir. Bu yonlyle DDT’nin, Ogretim sirecini ayrintii bicimde yapilandiran ancak sonug
degerlendirmesi yapilan (Daniel & King, 1998) pek ¢ok 6grenci merkezli 6gretim yaklasimina goére daha
islevsel bir yapida oldugu distnilmektedir. Bu olumlu yonlere karsin teori sadece bir problem durumu
cercevesinde bir kavramin modellemesini icermektedir. Ancak 6gretim programi temel kavramlarla
sinirl degildir (MEB, 2013). Bu diistinceden hareketle DDT'nin matematik 6gretim programi kapsaminda
cesitli sinif dizeylerinde farkl gruplarla uygulama yapilmasinin hem 06grenci hem 06gretmen
davraniglarina 1sik tutabilecegi disiiniilmektedir. Ogrencilerin fonksiyon bilgisine ulasmak igin eski
denklem ve degisken bilgisini yeniden diizenleyerek kurdugu baglanti ve iliskilerle yeni bir disiinme
sirecini iceren fonksiyon bilgisi icerisinde birlestirme imkani buldugu bu siirecte, yeni matematiksel
yapilarin olustugu da tespit edilmistir. Bu kapsamda matematik kavram bilgisini olusturma sireglerini
inceleyen ve bireylerin bilgiyi 6grenme sireglerinin analizine imkan vermek amaciyla gelistirilen
modeller (Memnun & Altun, 2012; Ozdemir,2014;Yesildere & Tirniikli, 2008) ile DDT’'nin adidaktik
siirecinin gelecekteki calismalarda birlestirmesi 6nemli gorilmektedir. Boylece “Matematik siniflarinda
neler oluyor?” sorusuna bitlncil bir cevap verilebilecegi 6ngorilmektedir.
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