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Abstract: The research aims to investigate the effectiveness of the use of educational robotics applications used in linear
equations unit on seventh grade students’ algebraic reasoning. Teaching experiment research design was adopted for the
research. In the study, usage of idea o-bot robotics software was taught to six 7th grade students. During the research process,
three teaching experiment sessions applied after pretesting. Experiment sessions involved activities such as code writing in
the face of problem situations, creating algorithms from the written code, monitoring algorithms in the simulation, and
improving the algorithms when the desired result is not achieved. Lastly posttesting was performed. Comparing the pretest
and posttest results, the data analyses showed that an observable development has been recorded in the algebraic reasoning
skills of students’ due to the fact that there are certain patterns and generalization processes in the developed algorithms. In
addition, there has been an improvement in the participants' ability to use, understand and transform multiple representations
in scientific process skills and problem solving skills.
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Oz: Bu calismada yedinci sinif matematik dersinde dogrusal denklemler konusunda egitsel robotik uygulamalarmin
Ogrencilerin cebirsel akil yiiriitme {izerindeki etkilerinin incelenmesi amaglanmistir. Arastirmada nitel arastirma
yaklagimlarindan 6gretim deneyi se¢ilmistir. Bu ¢alismada alt1 ortaokul d6grencisine idea o-bot robotik yazilimi dgretilmistir.
Arastirma siirecinde 6n test uygulamasinin ardindan tasarlanan {i¢ 6gretim deneyi oturumu uygulanmis, ardindan son test
uygulamast yapilmistir. Siirecte problem durumlari karsisinda kod yazma, yazilan koddan bir algoritma olusturma,
algoritmalar1 simiilasyonda izleme, istenilen sonuca ulagilamadiginda yeniden algoritmasini gelistirme gibi aktiviteleri yer
almustir. Gelistirilen algoritmalarin igerisinde belirli 6riintii ve genelleme siiregleri bulundurmasi nedeniyle yapilan analizler
sonucunda cebirsel akil yiiritme becerilerinde 6n test ile son test karsilagtirildiginda g6zlenebilir bir gelisim kaydedilmistir.
Bunun yan1 sira katilimcilarin ¢oklu temsil bigimlerini kullanma, bu temsilleri anlama ve birbirine doniistiirme becerilerinde,
bilimsel siire¢ becerilerinde ve problem ¢6zme becerilerinde gelisim goriilmiistiir.

Anahtar Kelimeler: Robotik, cebirsel akil yiiriitme, dogrusal denklemler

Tiirkge siiriim i¢in tiklayimz

1. Introduction

With rapid technological changes, which have an important role in shaping both the individual and society,
expectations from individuals have also changed (Akgiindiiz et al., 2015). Among these expectations, we may
encounter high-level thinking skills. Skills such as problem solving, collaboration, creativity and critical thinking
that should be extant in those who have ruled society for centuries are on their way to become universal literacy
in the 21st century (Akgiindiiz et al., 2015). These expectations can be used to define a determined, enterprising
and empathic individual who does not get the information ready but interpret the given information, use it in a
functional way in his/her life, think critically, solve problems, improve his/her communication skills and
contribute to the society (Ministry of National Education [MoNE], 2018). Along with all these criteria, it can be
said that the importance of raising individuals who do not only consume technology but also produce it
increases. Various educational robotics applications have become widespread in educational environments of
societies who want to produce technology-supported products in the last five years (Freeman, Adams-Becker,
Cummins, Davis, & Hall Giesinger, 2017). Many countries are doing research on educational robots worldwide,
and among these, countries such as Japan, Canada, New Zealand, South Korea, Australia, Taiwan, the United
States and Portugal are the leading ones. Institutions such as The Japan Robotic Association (JARA), the
International Federation of Robotic (IFR) and the United Nations Economic Commission (UNEC) report that in
recent years robots have grown significantly in the field of education and in parallel, so does their market share
and they will continue to grow even more rapidly over the next decade (Barreto & Benitti, 2012).
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It is known that robotic activities, competitions and studies draw interest in Turkey (Aksu, 2019; Goksoy &
Yilmaz, 2018; Kiran, 2018; Zengin, 2016). However, studies on robots in the world and in our country were
generally carried out within the scope of the courses, clubs and projects (Cavas & Huyugiizel-Cavag, 2005;
Gennari, Dodero & Janes, 2012; Kog¢-Senol & Biiyiik, 2015; Sisman & Kiigtik, 2018; Witherspoon, Reynolds,
Copas, & Alagic, 2004). In our country, mostly in private schools but also in some public schools with the
personal efforts by the teachers of information technology courses or in the club activities educational robotics
applications are made. In addition many universities started to launch robotic summer camps (Sisman & Kiigiik,
2018). Educational robotics applications contribute to creating a positive opinion on interdisciplinary studies
(Zengin, 2016) and an effective learning environment (Sisman & Kiiciik, 2018). One of the unique features of
this research is that robotic applications are associated with mathematics course acquisitions beyond the use of
club activities, robotic competitions, and it is used as a course application tool in teaching by code writing in
case of a problem situation. It is also thought that it will contribute to the development of algebraic reasoning,
which is one of the special areas of mathematical understanding. Therefore, in the face of problem situations, it
is aimed that participants make robotic coding and then observe the movements of the robot and express the
situations that occur in multiple representations, thereby observing the development of algebraic reasoning.

1.1. Robot Mathematics

A new technology field, which has become popular in recent years, “Robotics™ is the field of technology that
includes the operation and use of robots, robotic modeling, design and programming processes (Silik, 2016).
Robotic technology offers educators in the field of education an integrated robotic curriculum. In addition, by
performing advanced technology applications on robots in the learning environment, it is used to make learning
more meaningful and permanent along with providing practical and theoretical products that will facilitate the
daily lives of these acquired knowledge and skills (Wood, 2003). Robotics is a visible technology branch of
programming that involves programming, construction and design processes related to robots (Karsan-Erbas,
2014). In recent years, educational robotics studies are used to support Science, Technology, Engineering and
Mathematics [STEM] education, in order to gain basic knowledge and skills (Uggiil, 2013). When the
curriculum of the STEM courses are examined, it is revealed that the students developed using critical thinking,
questioning skills and problem solving robotic activities (Board of Education and Discipline [BED], 20064,
2006b, 2009). Robotic applications seem to contribute to the development of students' problem solving skills
(Eguchi, 2010; Gerecke & Wagner, 2007; Goldman, Eguchi, & Sklar, 2004; Goksoy & Yilmaz, 2018; Ribeiro,
2006; Silik, 2016), critical thinking skills (Eguchi, 2010; Jimoyiannis & Komis, 2001; Gerecke & Wagner, 2007;
Ribeiro, 2006; Silik, 2016), the levels of using technology (Silik, 2016; Ribeiro, 2006) and creative thinking
skills (Eguchi, 2010; Gerecke & Wagner, 2007; Goksoy & Yilmaz, 2018; Jimoyiannis & Komis, 2001; Lin et
al., 2009). Indeed, many studies show that robotic activities have many positive effects on STEM education
(Alimisis, 2013; Barreto & Benitti, 2012; Bruciati, 2004; Eguchi, 2010; Kiigiik & Sisman, 2017; Liu, Lin, Feng,
& Hou, 2013; Gerecke & Wagner, 2007).

Cavas and Huyugiizel-Cavas (2005) states that learning by doing-living and designing in a fun way
maximizes learning and also increases the permanence of learning. When we look at the studies on the use of
robotics in education in the world, it is clear that robotics provides an important and enriched learning
environment for students (Kog¢-Senol & Biiyiik, 2015). In this context, for the education of the individual
described among the aims of today's contemporary education, the permanence of learning by doing-living in
such enriched learning environments can be increased.

Papert (1972) also emphasizes that students can learn best when they participate actively to the process and
create meaningful products. In educational robotics applications that develop over time, students take an active
role in every stage of the learning process (Alfieri, Higashi, Shoop, & Schunn, 2015). In this process, students
design and programrobots,and see the results instantly. By doing so, students make assumptions, test these
assumptions, verify them, re-assume them if they cannot verify, and solve the problem at the end of the process.
In addition, while students program their robots with block-based or text-based visual programming tools, they
also interact with the environment by using various sensors such as infrared, touch, color and sound. Thus,
students can develop unique robotic projects that can perform different functions in line with the goals they set.
Studies in the literature have shown that educational robotics applications are also effective in developing
students' scientific process skills (Kog-Senol & Biiylik, 2015; Eguchi, 2010; Lin et al., 2009; Gerecke & Wagner,
2007). Papert (1993) believes that coding activities have enormous potential to improve classroom teaching.
However, Williams, Ma, Prejean, Lai, and Ford (2007) confirm that there is limited empirical evidence to prove
the effect of robotic applications on the K-12 curriculum. Educators have started generating ideas and
developing activities to incorporate robotics into the teaching of various subjects, including mathematics, science
and engineering. On the other hand, Johnson (2003) states that there is no research directly supporting the impact
of robotics on the students’ academic performance and robotic activities might just be a “fashionable” subject.
Researchers emphasize that most of the literature on use of robotics in education is descriptive, based on the
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reports of teachers who have achieved positive results with individual initiatives (Williams et al., 2007; Caci,
Cardaci, & Lund, 2003).

Robot mathematics, an interdisciplinary combination of technology, engineering and mathematics, highlights
the significance of interdisciplinary perspective for students and why these disciplines make each other
necessary and how they facilitate each other (Alfieri et al., 2015). Researchers focus on the possible use of
robotics lessons in reinforcing students' understanding of mathematical concepts (Barreto & Benetti, 2012;
Vollstedt, Robinson, & Wang, 2007 by Dinger-Kucus & Cantiirk-Giinhan, 2017, p. 621). Robotic-mathematics is
a term used to describe mathematics teaching focusing especially on robotics (Dinger-Kucus & Cantiirk-Giinhan,
2017). In the robotic coding process, students canencounter mathematical problems in a concrete context while
coding for the problem situation. Facing mathematical problems in different contents can give the student both
experience and self-confidence in the context of robot mathematics. Accordingly, it can be predicted that the
student will have the ability to understand and sense the mathematical concepts more quickly. Making sense of
mathematical concepts brings the student closer to learning. For this reason, examining how students reflect their
mathematical skills in robotic mathematics can be useful. In this study, it is aimed to examine students' algebraic
reasoning skills.

1.2. Algebraic Reasoning Skills

Reasoning is the process of thinking and achieving a rational conclusion by considering all the factors (Kaya
& Kesan, 2014). Those who can reason on a subject have a sufficient level of knowledge about that subject and
can examine a situation that they have encountered with in all aspects to make reasonable predictions and
assumptions, then explain and defend the conclusions they reached (Umay, 2003). Reasoning can be expressed
briefly as thinking logically, making judgments and inference. As Celik (2007) stated, reasoning has an
important place in preparing individuals for life as well as preparing them for future academic and business life.
Reasoning is an important skill that facilitates life, as reasoning and making effective decisions are made thanks
to reasoning (Erdem, 2011). Mathematical reasoning involves exploration with emerging mathematical ideas
along with structuring, explaining, interpreting and approving the problem when individuals seek answers to the
question (Kasmer, 2008). Algebraic reasoning is a component of mathematical reasoning (Nilklad, 2004). It is a
way of thinking that includes vital skills for mathematics such as reasoning, using representations, explaining the
meaning of symbolic representations, understanding variables, converting between representations, problem
solving and working with models for the development of mathematical ideas (Kaf, 2007). Therefore, algebraic
reasoning can be said to be a prominent concept in mathematics teaching at all grade levels. In addition to this,
algebraic reasoning skill includes activities not only within the scope of mathematics lesson but also of thinking,
interpreting and searching for solutions to the difficulties that individuals face in daily life (Bike-Kalkan, 2014).
These activities are thought to affect mental processes such as thinking, interpretation, and solution seeking.
Perhaps these activities can improve students' reasoning skills by using appropriate teaching methods and
techniques in the classroom setting.

Algebraic reasoning involves expressing information in different representation forms such as words, tables,
graphs and equations in case of a problem; meaningful use of mathematical structures, symbols, tools and
operations; It is a form of reasoning that includes formulating patterns, creating equations, understanding
functions and relations, and inductive and deductive thinking (Driscoll, 1999; Greenes & Findell, 1998; Herbert
& Brown, 1997; Kaput, 1999; Kieran & Chalouh, 1993; NCTM, 2000). Thus algebraic reasoning is defined as a
type of reasoning that covers abstractions through generalization of variables, transformation of representation
forms and calculations (Vance, 1998). Considering all these definitions, it can be said that the development of
algebraic reasoning skill in the individual is very important. Indicators for algebraic reasoning skills are reflected
in Table 1. These indicators have been developed by Kasmer (2008) by adopting the expectations of the
cognitive domain of NCTM and TIMMS (as cited in Bike-Kalkan, 2014, p.14). It was also translated into
Turkish in the study of Bike Kalkan (2014) and they are mentioned as "algebraic reasoning indicators".

The reason why the conceptual framework mentioned above is preferred in this study is that it contains
systematic indicators, the representation power of the literature, and its aid to observe the gains expressed in the
2017-2018 academic year curriculum. In addition, despite individuals can reflect most of the above indicators
individually, if the R5 and R6 indicators are taken into consideration, this is not the case because these indicators
include expressions such as “making sense of others' thoughts / ideas / approaches” and “asking questions and
increasing discussion”. That is why this study also included group studies.
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Table 1. Algebraic Reasoning (R) Indicators

Indicator Explanation of Indicators

R(1): Formulate, evaluate and support generalizations:
To be able to make a statement about something right for any situation.

R(2): Create, evaluate and support mathematical arguments:
It is the ability to make an informal or formal statement about a particular or general
situation, that is, to make an assumption for the final generalization.

R(3): Analyze and evaluate the problem situation:
To be able to reveal useful information from the problem for the solution.

R(4): Use inductive and deductive reasoning to establish or support mathematical relationships:
Using inductive reasoning, looking for mathematical relationships in pattern studies, and
using deductive reasoning, using a mathematical relationship established to support a pattern
in a particular situation.

R(5): Make sense of others' thinking / ideas / approaches and provide rationale behind them:
To be able to understand whether the logic and reasoning of others can be accepted with a
critical / evaluative approach.

R(6): Ask questions and raise challenges in situations of misunderstanding or disagreement:
Asking for clarification or being able to provide an opposing view.

R(7): Draw and support conclusions in varied topics:
To be able to make a statement summarizing the findings without having to generalize or
make an argument.

In this study, it can be said that the reason for considering coding and linear equation together is that
algebraic reasoning processes and coding processes contain similar ways. Coding is the process of determining
how to create a solution by linking the patterns step by step in a problem to be solved (Uziimcii & Erdal, 2018).
Thus, in the development of twenty-first century skills, a new orientation can be added to the field of
technology-supported mathematics education capable of producing technology. At this point, the aim of this
study is to create a mathematical learning environment with middle school students who know the idea o0-bot
robotics software and to examine the development process of algebraic reasoning in linear equations in algebra
sub-learning. The research problem is determined as follows: "How is the development of algebraic reasoning
on linear equations of 7th grade students with a teaching experiment method designed by utilising educational
robotics applications?" The sub-problems of this problem are as follows:

e "What is the algebraic reasoning development of 7th grade students about linear equations before
educational robotic applications?"

e "How is the development of algebraic reasoning on linear equations of 7th grade students during the
teaching experiment of educational robotics applications?"

e "How is the development of algebraic reasoning of 7th grade students about linear equations after
educational robotic applications?"

2. Method

Qualitative research methods have been preferred in this research, since it is aimed to investigate the
development of algebraic reasoning skills of seventh grade students in linear equations with educational robotic
applications. Because qualitative research methods aim to question the behavior of the research sample in its
natural environment, it enables the researchers to reach in-depth information on the research subject (Lempp &
Kingsley, 2007). In this study, teaching experiment pattern is used as a qualitative approach. Teaching
experiment is an effective method that can be utilised to understand students' mathematical facts and to reveal
the behavior patterns in this process (Lesh & Kelly, 2000; Steffe, 1991; Steffe & Thompson, 2000). In this study,
the teaching experiment method is used to make sense of how algebraic reasoning develops based on the
knowledge of the linear equations in the mind of the students and the ability to use the idea o-bot before the
research process.

2.1. Participants

In this study, participants were selected through criterion sampling method of purposeful sampling.
Purposeful sampling is selected for the purpose of interpreting, explaining and making an in-depth analysis of
situations and events that are thought to provide rich data. (Yildirim & Simsek, 2005). In criterion sampling, the
situations that meet the specified criterion or criteria are studied and these criteria can be taken from a pre-
created list or prepared by the researcher (Yildirim & Simsek, 2005). The participants in this study are 7th grade
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students in a middle school located in the central district of Mugla province. In the study, four basic criteria were
taken into consideration in the selection of 6 students. These criteria are as follows:

e students should know about basics of coding,

e the success of students in mathematics course is medium or high,
e students should be able to express themselves well,

e students are volunteers to participate in study.

While determining the participants, the ideas of mathematics teachers and informatics teachers were taken.
Nicknames were used in the study. The features of the participants are given in Table 2.

Table 2. Participants’ Features

Nickname Academic success Self-expression skill Knowledge of other programs
llgaz High Good He does not know
Eren Medium Good He does not know
Su High Good She does not know
Mert Medium Good He knows
Asya Medium Good She does not know
Emre High Good He knows

In the study, groups of two people were formed, one with medium and one with high the academic success
and in these groups, a learning environment was created to support each other in the zone of proximal
development of the participants.

2.2. Data Collection Tools

In the research, pre-test, tasks in the teaching experiment process and post-test were used as data collection
tools. Developed in line with the algebraic reasoning indicators, the pre-test was prepared considering the
teaching program outcomes while preparing the teaching experiment tasks and the post-test. Then, the opinions
of one mathematics educator and two experienced mathematics teachers regarding the suitability of the
reasoning indicators of the tools to be used in the whole process were taken. In the pre-test, 7 questions were
asked to the participants. The teaching experiment consists of three sessions, and in each session, tasks were
assigned under a scenario. In the first session, the questions asked in line with the scenarios and tasks developed
within the y = ax equation in the second session and the y = ax + b equation in the second session was tried
to be measured. The third session was prepared upon the observation of R5 and R6 indicators only during group
work. In the post-test, 6 questions were asked to the participants. In Table 3, the expectations from participants
and the indicators of the questions are given in the content section of these data collection tools.

Table 3. Questions, indicators and expectations

Data Collection Tool Content of the Problem Indicator
A It is expected to write a number pattern and a R 2-3
The seats of an ancient theater table for this situation.
are divided into three sections, The generalization of this situation is expected R1-2-4-7
namely A, B and C from the to write the verbal expression and linear
bottom up. In the sections equation.
named as A and C, the seats It is expected to calculate how many viewers R4
increase from bottom to top, will sit on the seats in the desired section.
and in the section named as B, It is expected to graph the linear equation of R2
they increase by two. Regarding the situation to occur.
the linear increase in the When there is a change in the statements given R 1-2-3-4-7

Pre-test number of seats in the ancient at the root of the initial question, the change in

theater; the number of people who can sit in the
equation and the seats is expected to be
explained.

B It is expected that the ball will be able to R3

Regarding the time-dependent interpret the time dependent graph of the path

graph of the path followed by followed during the match.

the ball during the match in a Similarly, it is expected to draw a time- R7

sports with the ball;

dependent change graph for another sport.
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Table 3 continued

In a ten-story car park using a It is expected that the algorithm that will be R 1-2-3-4-
car park guidance system, the required in this process will form the coding 5-6-7
robot required to park a car in  with the group friend.
an empty space; It is expected to write a number pattern and a R 2-3
table for this situation.
The generalization of this situation is expected R 1-2-4-7
. to be written in the verbal expression and the
Teaching I Lo f
experiment inear equation in y = ax format. _
1 It is expected that the robot can explain where R4
it will be in the desired second.
Time dependent graph of the path of the robot R?2
is expected to be drawn.
If there is no car parking guidance system, itis R 1-2-3-4-7
expected to create an assumption about the
situation in this car park and explain how the
equation of this situation will be.
There is a fireplace in a room She/he is expected to write a code that will R 1-2-3-4-
and a sensor 20 cm away from provide this situation with her group friend. 5-6-7
the fireplace. About writing a The student is expected to write the table and R 2-3
code that will give a warning the equation in the format y = ax + b in the
when the sensor is approached time desired for a baby to approach the
more than 20 cm while the fireplace from the point where baby is located,
Teaching fireplace is burning; :ﬁli(riﬂ?e;mo account the path baby has taken in
experiment The student is expected to write the equation of R 2-3
2 departure from the wall in the format y = ax +
b by interpreting the opposite of the same
situation.
The student is expected to explain the variation R 1-2-3-4-7
of the time-dependent linear equation of the
location of the sensor in the room and the path
the baby takes in the event that the infant's
crawling rate increases.
They are expected to create It is expected that the table of the ten seconds R 1-2-3-4-
Teaching  choreography for 10 seconds process will be created as the path taken per 5-6-7
experiment  with 3 robots. second and plotted with the help of sequential
3 binaries.
The linear equation of the preferred seconds R1-3-4
intervals is expected to be written.
A It is expected that a table of the number of R 2-3
A graph of the performance of plates prepared by Chef A and Chef B based
two chefs (A and B) who on time will be created and sequential pairs
applied for a job to be will bewritten.
employed in their kitchen is The student is expected to comment on the R4
given. For this; number of plates that two cooks can prepare
within the specified time.
The student is expected to write the R1-2-4-7
generalization and verbal expression of the
Post-test situation between two chefs preparation time
(t) and the number of plates prepared (p).
The student is expected to explain the R 3-5
employer by justifying whom to hire at the end
of the trial period.
B It is expected that the ball will be able to R3
Regarding the time-dependent interpret the time dependent graph of the path
graph of the path followed by followed during the match.
the ball during the match in a Similarly, it is expected to draw a time- R7

sports with the ball;

dependent change graph for another sport.
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During the teaching experiment process, while answering the pre-test and post-test questions, the whole
process was recorded with the permission of the participants. The findings from these records and from the
papers on which the students wrote their answers were also reflected in the research.

2.3. Data Analysis

The analysis of the data obtained from the teaching experiment is carried out in two ways, namely
retrospective and prospective analysis. Prospective analysis is that the researcher constantly analyzes
applications in the process, as a result of which it presents alternative learning ways to improve teaching and
learning (Cobb, Confrey, Disessa, Lehrer, & Schauble, 2003). Retrospective analysis is the demonstration that
the model put forward is reliable and consistent by analyzing the data at the end of the study (Cobb, 2000; Cobb
et al.,, 2003; Steffe & Thompson, 2000). In this study, in the analysis of the teaching experiment process,
prospective analyses were made after each application, and the following application was continued in the light
of these analyses. In the light of the indicators in Table 1, in the pre-test, teaching experiment process and post-
test, students' situations were analyzed with content analysis by creating themes such as “formulating and
supporting generalizations, constructing mathematical arguments, analyzing problem situation, establishing
mathematical relationships, verifying conclusions in varied topics”. In these themes, the reflections on the
students' reasoning indicators are exemplified as shown below based on the “formulating and supporting
generalizations” theme;

True: The student was able to write the linear equation correctly.
Partially True: The student was able to write the linear equation partially.
Wrong: The student has written the linear equation incorrectly.

Empty: The student left the question blank.

Furthermore, in order to understand whether the questions are understood or not, a pilot application was
made with two students studying in 7th grade and reorganization was made to make the items in the tests and
teaching activities more clear and understandable. In ensuring the validity of the research; literature and expert
opinions were taken into consideration while developing data collection tools. VVoice recordings were transcribed
and checked by researchers. The codings obtained from the data were made by the researchers at 6-month
intervals, and the percentage of compliance between these two analyzes was calculated as 95%. Furthermore, at
the end of the session, participants were asked questions such as "What did you think here?", "Can | ask the
reason for writing this statement here?" about their answers to open-ended questions. The results obtained were
constantly compared, thereby ensuring confirmation. For transferability, direct quotations from the statements of
the participants are included.

2.4. Implementation Process

A pilot implementation of the teaching experiment was carried out before the main implementation of the
research. In pilot practice, the teaching experiment took place in two sessions, and when the process was
analyzed, it was noticed that the algebraic reasoning indicators R5 and R6 which are expected to be observed in
the students were not observed sufficiently. For this reason, a third teaching experiment session was designed,
expert opinion was taken and applied. This pilot implementation was completed two weeks before the main
implementation. The teaching experiment with the main working group was carried out in three sessions.
Teaching experiments were carried out one week apart. The implementation process of this research took five
weeks with pre-test and post-test. The diagram describing the implementation process is displayedin Figure 1.

* PRE-TEST * POST-TEST

e 1. SESSION
e 2. SESSION

SEFORE * 3. SESSION
IMPLEMENTATION

PROSPECTIVE ANALYSES

Figure 1. Implementation Scheme

In the first session, the scenario stated in Table 3 was given and the participants were asked to write the
algorithm of the movements of the idea o-bot that would act according to this scenario from three groups
(Groupl: llgaz-Eren, Group2: Su-Mert, Group3: Asya-Emre). After the processes of writing the codes were
completed, questions were asked through the scenario and students were asked to answer individually. In the
second session, a new scenario was given and according to this scenario, it was requested from the same groups
to write an algorithm that will detect the motion and temperature of the idea 0-bot's sensors. The groups, such as
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the process in the first session, answered the questions individually after writing the algorithm together. In this
session, while discussing about the new algorithm and equation that will occur when some of the variables in the
scenario are changed, it was observed that there was an uncertainty in the minds of the participants. While this
uncertainty was independent of the variables of the algorithm and equation, the change in the scenario affects the
variables of both states in different ways. For this reason, before proceeding to individual responses in the
second session, a discussion was held on the concept of variable. In the third session, participants were expected
to create choreography together to dance their robots, reflect this choreography to the algorithm, and then
transform the robot's movements into equations and other representational forms as a result of the algorithm.
Each session lasted about an hour.

3. Findings

In the pretest, the arrangement of the seats in an ancient theater was given and it was asked to calculate the
number pattern, table, graphic, verbal generalization sentence, linear equation and how many seats were in a
certain order. Also, they were asked to guess what sport could be played over the height of the ball in the process
on a given graph and to draw a graph for the height of the ball from the ground for a sport branch they love. In
this section, the findings of the participants were examined in the form of themes in line with the answers given
in the pretest. These themes are “formulating generalizations, creating mathematical arguments, analyzing
problem status, establishing mathematical relations, verifying the results on various topics”.

In the test, the first question was as follows: “In an ancient theater, the seats consist of three sections and
there are 10 seats in the A and C sections, and the number of seats increases by 1 in each row. In section B,
there are 20 seats in the first row and the number of seats increases by 2 each row. If the number of seats
increased by two in each column, what would the linear equation be?” Su responded to the question as “(8 + 2x)
.37 reaching to the generalization for the A and C rows with ten seats in the first row, but not for the B row with
twenty seats. Therefore, it can be said that it showed partial success in formulating generalizations in pretesting.
Ilgaz said, "There would be no change in B because there are already two in B". This interpretation of llgaz is an
indication that it can produce an informal mathematical argument. Asya, in her paper, made informal statements
during the induction process: "There are two seats in A and C, while B increases in two seats." and "There
would be a total of four increases in A and C in the new case, B wouldn't change.” It is seen that Asya can
establish a mathematical relationship between her data in her responses. From the point of view of verifying the
results on various issues, it is seen that Emre's answer in a question asked supports and confirms both with linear
equation and verbal generalization as seen in Figure 2.

Figure 2. Example of Verifying Emre's Results

It is seen in Figure 2 that Emre, one of the participants, delivered the correct answer based on the graph given
in the question during the problem solving process. While solving the problem, it was observed that he draws the
road graph based on time correctly in accordance with the sports that he wasinterested in.In the theme of
analyzing the problem situation, it can be said that Emre can reveal useful information from the problem and is
sufficient in this respect.

Figure 3. Emre's Graphic Interpretation and Drawing
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To analyse the pretest analysis in general, when the theme of supporting generalizations is considered, the
representation of the table was used by all participants, and representation and support with the number patterns
were seen in the responses of the three participants. It was seen that four participants could reach verbal
generalization, but the participants had difficulties in establishing a linear equation in y = ax or y = ax + b format
in general. In the process of creating an argument, formal explanation was made only by one participant, and in
the informal explanation direction of the general trend, it was observed in half of the participants. While
analyzing the problem situation, all participants benefited from the table, while it was seen that one participant
benefited from the graphic and the equation while there was half of the participants benefited from the pattern.
When looking at the theme of building a mathematical relationship, it is important that both inductive and
deductive explanations are informal. The answer in the theme of verifying the results on various topics, which is
the last theme, is very low. A summary of the status of the themes at the end of the pre-test is given in Table 4.

Table 4. Students' status in the pretest result

Theme Sub-Theme Eren llgaz Mert Su Asya Emre
Formulating Writing Linear Empty False False Partially False Right
Generalizations Equations Right
Supporting / Evaluation
R1 Supporting Right Partially Partially Right Right Right
Generalizations / Right Right
Evaluation
Creating Mathematical Formal Explanation Absent Absent Absent Absent Absent Partially
Argument Right
R2
Informal Explanation Partially Partially Partially Partially Partially Right
Right Right Right Right Right
Analyzing Problem Understanding the Partially Right Right Right Right Right
Status Problem Right
R3
Solving The Problem False Right Right Right Right Right
Establishing a Inductive Relationship Partially Partially Absent Partially Partially Right
Mathematical Right Right Right Right
Relationship
R4 Deductive Partially Partially Partially ~ Partially Right  Partially Partially
Relationship Right Right Right Right Right
Verifying Results in Various Results R7 Absent Absent Absent Absent Right Right

3.2. Findings of the Teaching Experiment Process

In the teaching experiments, groups formed with a middle and a good student in terms of academic success,
coding in line with the given scenarios, observing this coding in the simulation, if they do not reach the desired
result, they were told to rewrite the code and complete the process, then they were asked to create tables,
patterns, ordered pairs, graphics, verbal generalization clauses and linear equations individually.

3.2.1. Findings of the 1% Teaching Experiment Session

In the first session, a parking lot arrangement was given. As explained in Table 3, in this arrangement, a
vehicle traveling through the floors goes upstairs to the upper floor in 10 seconds, and when it comes to the
related floor, if there is no free space with the help of lights, it goes to the other floor and continues to search for
space. It takes an average of 10 seconds to understand whether there is a vacant space. The participants were
asked to write the necessary coding that takes this information into consideration. After the scenario was given,
codings were made in three groups.

Members of the Group 1, namely llgaz and Eren first wrote a robot algorithm that revolves around a
rectangular shape (Figure 4a). They loaded this algorithm into the simulation but since they could not observe it
in the simulation, they decided to rewrite the algorithm and wrote the second algorithm in Figure 4b. Looking at
this algorithm, it is seen that a clearer and systematic code is written. Then they wanted to make observations in
the simulation and they decided to decrease their flat travel times because they could not make observations
easily in the simulation. Then, it is understood that they wrote the last algorithm in Figure 4c and interpreted the
"stay / wait" command times 2400/800, which they interpreted as a rectangle with the edge length ratio 3/1, to
which the robot would proceed. In the process of writing the code of Group 1 it has been observed from the
following dialogs (R2) that he analyzed and evaluated the problem situation and decided that they should write a
code of navigation around a rectangular region (R3), and created and evaluated informal mathematical
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arguments. Connecting the code they write with the "link" command to the beginning can be thought of as an act
to make block codes written across two columns connected to the movements of the robot continuously.
Participants showed that they took into account both the rectangular side lengths of the rectangle and the pattern
between the path lengths between floors by using the "link" command. This situation shows that they also used
the inductive reasoning (R4) that formed and assessed the generalizations of the problem condition (R1), and
recognized the pattern of the path of the robot moving around the rectangular region in the transition between
floors (mathematical relationship).

o
1 ! 1 1 1 1 |} go] t ! t L
I drive forward 90 | ] drive forward 90 I stay/wait 3000 ms | l e

forward 90 ] [ drive forward 90 ] ] drive forward 90 | N drive forward 90 |

) {0
‘fslay/wavl 3000 ms | jjslay/wau 2000 ms I é t %
sayfwlt 3000 Eflstay/wan 2000 ms ?shaylwalt 2400 ms I ? stay/wait 800 ms
I~
0-tum right 90 |

\/j .
]
0 ?Mum fight 90 | ?om right 90 I ?O-Mn right 90 I ?O-tum right 90 I
stay/wait 270 ms
0 4
stay/wait 270 ms il
’ 0 0
y stay/wait 270 ms stay/wait 270 ms say/wait 270 ms
stay/wait 2000 ms stay/wait 270 ms y/wai

1st Groups Algorithms 1st Groups Algorithms 1st Groups Algorithms

4a 4b 4c

Figure 4. Algorithms Written by Group 1 in the Process
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While writing the code, Ilgaz and Eren talked among themselves as follows:

Eren: How should we accept the ratio of the edge lengths?

I: Let's take the long edge 3 and the short edge 1 multiple.

E: "Stay / wait" time?

I: How about 1500/500?

E: We cannot observe 500 ms in simulation.

I: 2400/800?

E: It looks logical. Still, we should be able to watch it in the simulation.

I: That's right.

E: We were making a 90 degree turn by 90 right turn and stay / wait 270. Do not forget.

It was observed that llgaz and Eren tried to make sense of each other's thoughts and to provide the logic
behind them (R5), to continue to argue with asking questions even though they did not create a dispute situation
(R6), to support the verification of their results in the simulation (R7).

A section of llgaz's worksheet is shown in Figure 5, and it is seen that in the process of creating a linear
equation, he reaches the generalization both by using the table and the pattern and by informal mathematical
arguments.

Figure 5. Ilgaz’s Answers

After this part, in the continuation of the session, the students were asked to express the number pattern of the
first 5 floors of the robot, create the table and reach the generalization of the time lost in the process. In addition,
they were asked to individually answer where they were in the 71st second. Then, the presence of the indicators
was analyzed by creating an assumption about the situation in this parking lot and explaining how the equation
of this situation would be, if there was no parking guidance system in order to examine and understand the
indicators in more depth. At this point, when Eren's working paper was as follows: “if there was no green light
information system in the parking lot, the robot's circulation time between floors and how the linear equation of
this situation would change would be re-evaluated. | thought it was the time to walk around, 10 times to look at
the light, 15 times to look at the ground.) 10 times in 250 seconds; so it will spend more time. This equation
becomes y = 25x . Eren's statements were made very concrete, and his answer is notable with an attention to
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formulate the new situation. From the point of view of reasoning skills, he can formulate the generalizations he
reaches, verifies and supports this new situation (R1), and Su answered the same question as, “We would spend
even more time on that floor if there was no light system. Because the light we understand in 10 seconds while
we wait. If there was no light, we would have been walking around that floor and losing more time. Now the
parts of a car that are shown in green will be 10 seconds again, but since there is no light system, it will not wait
10 seconds on that floor and will travel on that floor. If this move is 30 seconds, it loses 40 seconds on each
floor. ” Mert said, “If there is no light system in the car park, we will see how the red light is not flashing in the
empty space, we will look again when there is no light system, but this time we will not know if the place is empty
or not like the light system. This means that we will spend a longer time on our part. So this means that our
duration ranges from 20 to 25 seconds. And | mean 25 seconds to this time. ” When the statements of all these
participants are reviewed, considering their reasoning skills, it can be seen that they can create and evaluate
informal mathematical arguments (R2).

At the end of the session, the processes of evaluating the daily life status of the participants in the robotic
coding process, thinking of the code to be written for the problem state, discovering the pattern in the problem
state while thinking about the code to be written were observed but it was recorded that some progress was
necessary. The robots, which are the physical form of coding, contributed to the concretization of the problem
state of our participants, attracted the attention of the participants in terms of what the equation meant, in terms
of being a new window in transferring the written equations to daily life, and helped to produce a mathematical
argument.

3.2.2. Findings of the 2" Teaching Experiment Session

In the second session, the distance of a baby from the wall is 40 cm and the distance from the fireplace is 100
cm. Erdem, who has just started crawling, can travel 10 cm per minute and when the fireplace is on, the sensor is
activated when Erdem is as close as 20 cm to the fireplace and parents have a chance to intervene in the
situation. It was expected from the groups to write the algorithm that would provide this situation.
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Figure 6. 1I. Visual of the scenario created for the teaching experiment
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When the algorithm by members of Group 3, namely Asya and Emre is examined in Figure 7, it is seen that
they paid attention to the burning state of the fireplace, but they did not pay attention to the distance so that the
sensor can be activated 20 cm before the baby reaches the fireplace. Therefore, when analyzing the problem, the
variables were analyzed incomplete, and in the second branch, the wrong sensor was used by selecting the
motion sensor instead of the distance sensor. In the process of writing this part of the code, the group created
mathematical arguments, and made evaluations in line with these arguments (R2), analyzed and evaluated the
problem situation (R3). The fact that they connected the code they wrote with the "link™ command indicates that
they are aware of sensor’s need to perform this task constantly, that is, they can see the pattern. In this situation,
it can be said that they were able to evaluate generalizations (R1), noticed mathematical relationship and used
inductive reasoning (R4). Similar findings were seen in the algorithms of Group 1 and Group 2.
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Figure 7. Algorithm Written by Group 3
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After this part students were asked to provide individual answers regarding the table of the Erdem’s linear
approah to the fireplace in the first five minutes and similarly an equation alond with a table displaying Erdem’s
movement away from the wall behind him, the baby who can crawl 10 cm per minute., In the session, the baby’s
speed was first raised from a speed of 10 cm per minute to 15 cm per minute in order to make a more in-depth
examination and understanding of the indacators by the participants.. The students were asked how this change
in crawling speed change the linear equation and place of the sensor in front of the fireplace. The solution of Su
is given in Figure 8.
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Figure 8. Su’s Answer

As can be seen in Figure 8, with the increase of the baby's crawling rate, Su solved the problem by using
table and informal mathematical explanations (R3), discovered an inductive mathematical relationship (R4) and
turned it into a linear equation. Similarly, as can be seen in the group discussion below, the participants tend to
use numerical data to express themselves and to use mathematical relationships (R4).

Researcher: When evaluating the situations that will change with the alteration of Erdem’s crawling speed,
let's discuss whether the algorithm changes, if it changes, then how the equation will change.

Su: We must first discuss the situation. When we look at the first case, 20 cm in front of the sensor
fireplace, Erdem travels 10 cm per minute. There is a logical relationship between this.

llgaz: And at the same time, the sensor starts beeping when the baby is as close as 20 cm to the sensor.
Here too there is a logical relationship.

Asya: The first warning comes from the sensor when there is 40 cm between the baby and the fireplace. So
there are 4 minutes of parents in this case. (R2)

Eren: In the new situation, parents will have 2 minutes and 40 seconds (R3)

Emre: An adequate amount of time.

Mert: If we regulate the situation in the question, I think the new location of the sensor should be 30 cm
away from the fireplace.

Asya: Even in the newly written code, there should be a warning when Erdem is 30 cm away the sensor.
(R4)

Su: Initially it gave 4 minutes to the parents to intervene, so the sensor and the equation should change to
regain this time.

Emre: | think 4 minutes is too long. If | hear a little voice, | will run from the room where the baby is alone.
I will not change the location of the sensor or the algorithm. (R6)

In dialogs up to this point, it is seen that there is an improvement in analyzing and evaluating the problem in
the process of developing informal mathematical argument creation, evaluation and support (R2) reaching to
generalizations (R3), and establishing the mathematical relationships (R4) in which the parent can maintain the
time given in the first place. In addition, Emre, with his last words, increased the possible discussion (R6) and
the dialogue continued as follows.

Researcher: Whatever makes sense for you, you can answer the question accordingly, just reflect it on your
papers.

Eren: Actually, what Emre says is logical, after all, 2 minutes and 40 seconds is enough time.

llgaz: I think we should write the problem according to the logic of the establishment at the beginning. (R6)

Researcher: As | said, it is enough for you to answer and explain the reason as it makes sense for you. By
the way, does Erdem's crawl only affect the sensor?

...Silence...

Mert: | am confused.

Asya: Me too

Su: Why? (R6)

Mert: Does the displacement of the sensor affect the equation?

... Silence...

Researcher: What are the variables of the equation and the variables of the algorithm? if | ask.

Emre: The algorithm's temperature and distance...

Researcher: Do we agree?
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Asya: We discussed this while writing the code with Emre, now that the baby moves towards the sensor
while the fireplace is burning, and we even want the sensor to sound the siren from 20 cm away. So we
have defined two sensors, temperature and distance.

llgaz: We made it incomplete. (R5)

Eren: We too.

Researcher: Well, do you think that the variables of Emre and Asya are correct?

E, I, S, M: Yes.

Researcher: So what are the variables of the equation?

Su: We write the equation of the path that Erdem takes on the baby's crawling speed. So Erdem's crawling
speed and road.

Mert: Right.

Eren: | still could not understand.

Researcher: Why don’t you start by writing the table?

In this section, progress on skills such as making sense of the thoughts of others and understanding the logic
behind them (R5) increasing the discussion by asking questions in possible misunderstanding or disagreement
(R6) can be seen. After this discussion process, it was asked where the sensor should be placed, what kind of
algorithm and linear equation should be placed as the baby's crawling rate changes. A remarkable situation when
the responses are examined is that the participants express their ideas very differently from each other, but in the
same way. This situation is shown in Table 5.

Table 5. Responses of the participants

Participant Responses to the Sensor with Changing Crawling Speed

llgaz Increasing the sensor sensing distance with increasing crawling speed of Erdem baby, that
is, changing the algorithm, but the location of the sensor remains the same

Eren Erdem baby's expression of approaching to the wall rather than moving away from the
fireplace to change the sensor location with the crawling speed increased

Su Erdem uses the expression to bring the sensor closer to the baby with the crawling speed

of the baby.

Mert A statement such as removing the location of the sensor by 30 cm from the fireplace with

increasing crawling speed of Erdem baby.

It is a reasonable explanation to remove the sensor from the fireplace with the increase of

crawling speed of Erdem baby

“I think 4 minutes is too long. If | hear a little voice, | will run to the room where the baby

Emre is alone. I will not change the location of the sensor or the algorithm. ” making an
explanation saying

Asya

If we need to make a general evaluation of this session, it can be said that the groups still could not write
enough algorithms, but the development of expressing with linear equation writing and other representations was
observed in general. In order to observe R5 and R6, two of the reasoning skills, the discussion reflected above
was carried out and each participant was able to express himself/herself through the places they understood or
did not understand, without any peer pressure. The most interesting thing is that each of them did not have a
complete idea of how the different variables of the algorithm and equation would change according to the
crawling rate of the baby before this discussion. Another remarkable situation is that when the whole discussion
process of the participants is over and then they answer the questions,they reached to the answer with different
expressions with their own sentences as seen in Table 5. For this reason, R7 development is observed in the
participants. In addition, it can be said that the answers given at the end of the discussion can be accepted apart
from some minor errors and contain different comments due to the effect of writing algorithm, trying the
algorithm on the robot and reasoning in silence moments.

3.2.3. Ill. Teaching Experiment Findings

In this session, six students were asked to write an algorithm by discussing the development of reasoning
criteria with experience from the first two sessions, in order to help the groups that were insufficient in algorithm
writing and to help them continue to question but not to suppress each other while learning from each other.
They were expected to load a 10-second algorithm on all three robots and create a choreography. While
examining the findings, the algorithms of the groups and the algebraic reasoning criteria usedwhile writing these
algorithms were first examined, then the individual answers to the questions were interpreted separately for each
participant within the framework of the criteria. All participants discussed on a single algorithm with the coding
skills they learned up to that point. In this process, it was also possible to “observe the thoughts of others and to
grasp the logic behind them” (RS), and to once again observe (R6) indicators in case of possible
misunderstanding / disagreement during the exchange of ideas. This situation can be seen in the speeches given
below.
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Researcher: You can write an algorithm as you wish, rotating around itself, continuing straight, waiting 1
sec and progressing 3 sec. You can also activate all the sensors learned so far, as you wish.

Su: If the robots turn square, it will be a nice choreography simultaneously.

Eren: It may be different.

llgaz: 1t can be pentagons and hexagons but it would be too difficult.

Su : Actually, with a rotation angle of 108° it is possible.

Researcher: Why is it difficult?

llgaz: | think it's hard to write this equation. (R6)

Mert: Let it be square. Let's tie a pencil around the edges, and let it show with the drawing that it goes
around the square shape. (R6)

Emre: The pencil may be beautiful, but the condition of the floor increases the friction of the robots. In our
applications, we see that it cannot go with the sensitivity shown in the simulation even because of battery
life, making our work difficult. (R5)

... (the group thinks, and after being convinced) ...

Asya: If we decided to make a square, let's write our algorithm. (R5)

llgaz: In fact, if we write an algorithm that will form nested circles, it looks very nice.

Asya: Yes.

Emre: But it is very difficult to write this equation.

llgaz: That's right. Square is good.

In the discussion between the participants, Mert and Emre talked about the perception of the path of the robot
better from the outside and the use of pens and agreed that this situation may be difficult due to friction. Here,
they also convinced their friends by explaining the logic that this could not happen by combining the information
that the students learned from other lessons. The discussion has also shown that geometrical information in
writing codes is necessary when one of the students talked about the 108° to create a pentagon.. However, it was
observed that they agreed to write a simple algorithm. When asked about the reason, they stated that "they
observed the robots implementing a simple algorithm and had the idea that it would be easier to write the
equation and the graph because of its implementation™. The codes mentioned in the discussions are not simple,
but it is a point to consider that they are afraid of writing equations while they are not afraid of writing codes.
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Figure 9. Algorithms Written For The I11. Session

As it can be seen from Figure 9, in the first algorithm they created, it is seen that they write a robot algorithm
that goes straight for 500 ms, then turns 900, then repeats it, and then turns around a square shape. In the second
algorithm, they stated that they wanted the robot to pause a little, but when they saw that the code they wrote was
a robot that went straight for 500 ms and then turned 90° degrees, they realized that the code they wrote was not
working the way they wanted. The revision in the third algorithm has also been an incomplete revision. The last
revision was realized when they saw that they could not reach what they wanted in the simulation. The last
algorithm is actually very similar to what they wrote first. The only difference is that the robot going straight for
2500 ms will then turn 90° degrees, making it easier to observe in accordance with what they say. In the
selection of 2500 ms, it was observed in the dialogs that completing the 10 seconds movement was predicated.

As a result, students were expected to load algorithms to the robot, observe the loaded codes, transforme the
observed situations to the data such as table, number pattern, verbal generalization and equation, and it has been
seen that the participants reflect these situations and it is obvious that this contributes to using multiple
representations and converting them.
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3.3. Findings of Post-Test

In the last test, an employer put two cooks into the trial process for the kitchen staff who will work in the
kitchen, and the number of plates depending on the preparation period of the daily working performances of
these two cooks is given on the graph. Then the participants were asked to write a table and sequential binary
writing for this graph, to establish a verbal generalization, to write the equation of the plate to be prepared
depending on the preparation time, to decide which cook is faster and to decide which cook to hire. In the
direction of the answers given in the last test, it was examined as themes. Posttest analyzes are given in Table 6.

Table 6. Students' status in the final test result

Theme Sub-Theme Eren llgaz Mert Su Asya Emre
Formulating Writing Linear Right Right Right Right Right Right
Generalizations Equations
Supporting / Evaluation
R1 Supporting Right Right Right Right Right Right
Generalizations /
Evaluation
Creating Mathematical Formal Explanation Absent Absent Absent Absent Absent Partially
Argument Right
R2
Informal Explanation Right Right Right Right Right Right
Analyzing Problem Understanding the Right Right Right Right Partially Right
Status Problem Right
R3
Solving The Problem Right Right Right Right Dogru Right
Establishing a Inductive Relationship Right Right Partially Right Partially Right
Mathematical Right Right
Relationship
R4 Deductive Right Right Right Right Right Right
Relationship
Verifying Results in Various Results R7 Absent Right Absent Right Partially Right
Right

According to this table, it was seen that they could write linear equations and support generalizations with
number patterns and verbal generalizations. When looking at the theme of creating a mathematical argument, the
answers were supported with informal arguments, and in this section, it was observed that the number of
respondents formed more accurate arguments compared to the pretest. The development of the informal
explanation may have had an impact on the robotic coding process and the discussion processes they formed
with each other. However, it is clear that the development of developing an argument for mathematical situations
contributes to mathematical understanding and algebraic reasoning. It can be said that understanding and solving
the problem in the theme of analyzing the problem situation is one step better than the pretest. It was observed
that the participants who had problems in analyzing the problem status in the pretest can easily analyze the
problem status in the post-test and use the representation form in explaining the problem status. It is thought that
encountering different problem situations and trying to produce answers to these problems together, and then to
respond by themselves made an impact on the theme of problem situation analysis. Informal orientation is quite
high in establishing a mathematical relationship, and an increase in the correct response appears. It is seen that
the use of inductive and deductive forms of relationship has increased in establishing mathematical relationships.
However, verification of the results in various subjects was quite limited as in the pretest and no improvement
was observed.

4. Conclusion, Discussion and Suggestions

This study aimed to investigate the development process of algebraic reasoning in linear equations in algebra
sub-learning. The developments of the participants were examined in Table 1 considering the themes given as
algebraic reasoning indicators (formulating generalizations, generating mathematical arguments, analyzing
problem status, establishing mathematical relations, verifying the results in various subjects).

Firstly, the results obtained in the theme of “formulating generalizations” are presented considering the
pretest, teaching experiment process and posttest. While formulating the generalizations, it can be seen that the
students can establish an equation correctly in the pretest, while other students have difficulties in establishing
the linear equation in the format y = ax or y = ax + b. During the teaching experiments, it was observed that
some groups realized the pattern between the rectangular side lengths of the rectangle and the path lengths
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between the floors in the process that the group members tried to create the algorithm together. In addition, in
another teaching experiment, some groups were found to be able to indicate the relationship between time and
travel by equation. During the teaching experiment, it was observed that the students transform the situations
observed within the scope of the scenarios into a table, number pattern, verbal generalization and equation. At
this point in the study, it was concluded that in the final test applied at the end of the teaching experiment, all
participants were able to formulate all generalizations correctly, establish the relationship between the variables
and convert them into equations. However, the result showing that students can reflect the rectangle’s side
lengths and the distance between floors into the algebraic expression does not coincide with research made by
Atasoy and Bulut (2018) and Dindyal (2004), both claiming that students had difficulty in interpreting the
change in geometrical shape features and algebraic expression The algorithms they encoded in the coding
process may have helped them to try this situation by watching them in the simulation.As a result, the fact that
participants in this research can formulate generalizations can be said to be helpful in their utilization of
algebraic reasoning in the coding process.. On the other hand, in the future studies, besides the algebraic
reasoning of the participants, the development in algebraic thinking levels with coding can be examined. In the
study, coding trainings start at kindergarten level in our country and in the world, starting from the development
in the process of formulating generalizations and making sense of what these representations mean. Therefore,
educational robotics applications can be done in algebra learning areas at other grade levels.

In the theme of “creating a mathematical argument”, students were able to partially reflect the arguments
informally while answering the questions in the pretest. During the teaching experiments, it was observed that
the participants tried to create a mathematical argument by using the number patterns, writing tables, creating an
equation and discussing with all the participants in the group. Since in-group discussions through argumentation
reveal different ways of thinking and questioning, mathematical ideas can be analyzed and it has been observed
that they develop in geometric concept knowledge and understanding (Uygun & Akyuz, 2019). Similarly, in our
study, the participants produced arguments (Yackel & Cobb, 1994) using mathematical language in the group
and collective discussion environment, thereby increasing their knowledge of linear equations. In the last test
applied at the end of the teaching experiments, it was seen that all participants made mathematical arguments by
making correct informal explanations. In this context, it can be said that students within the scope of the study
can create a mathematical argument while coding in educational robotics applications.

In the theme of “analyzing the problem situation”, it was seen that the participants benefited from the useful
information provided in case of a problem and transformed multiple representation forms. As Silik (2016) stated,
it has been observed that by using robotic applications, students gained many skills such as learning by living,
problem solving, finding practical solutions to problems, critical thinking, awareness of their own abilities,
increased levels of technology use and more willingness to use technology. It can be said that this result of our
study coincides with the situations expressed by Silik.

In the theme of “establishing a mathematical relationship”, the participants were able to reflect, in part, to
establish mathematical relations in the pretest. In particular, it was determined that some of the participants did
not take into account that the points on the axis were equally spaced. This situation coincides with the result by
Giirbiiz and Sahin (2015) in their research examining 8th grade students’ transitions between multiple
representations and found out that the students did not pay attention to the distances between the units and placed
the numbers. During the teaching experiments, especially in the last teaching experiment session, the participants
made a decision by associating geometry information with their code writing status and were able to establish
mathematical relationships easily. They realized that the participants needed to turn around 90° to rotate around
the rectangular shape and write code knowing that the robot would travel around the edge length of the rectangle.
In the last test, it was determined that most students associate their problem situations with daily life, create table
values based on graphic representation, and transition from graphic representation to algebraic expression was
realized by half of the students. This finding does not coincide with the studies stating that students have
difficulty in creating an equation based on graphic representation (Knuth, 2000; Tekay & Dogan, 2015). In
addition, it was determined that the participants made the algorithm experiments they made in the process
making a connection between simulation and real life. As a result, it can be said that educational robotics
applications have a positive effect on the association process between daily life and subjects. Based on this, in
future studies, educational robotics applications can be applied to different subjects and learning areas in
education programs and learning outcomes can be investigated. For example, talking about angle values while
talking about turning the robot at a certain angle is an important indicator that studies on polygons can be done in
the field of geometry. Apart from this, it was observed that geometry information was related with linear
equations in algebra subject area. The contribution of educational robotics applications to inter-subject
correlation can also be examined.

R5 “Understanding others' thoughts / ideas / approaches and providing logic behind them” and R6 “Asking
questions and increasing discussion in cases of misunderstanding or disagreement” are not discussed in thematic
analysis either in pre-test or post-test because these indicators are indicators that can be observed with
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interpersonal communication and comments on their development. Sfard (2007) stated that learning is a change
in communication and proposed a common framework for defining mathematical learning. In other words, a
student's mathematics learning can be assessed by observing the language they use to talk about mathematics.
Considering the development of this indicator in the sessions process, while this interaction was less in the first
sessions, 1. discussion on the concept of variable in the session, Il1. it is clear that the discussion has improved
on the common algorithm to be written in the session. Although it is a process skill for participants to establish
mathematics, in particular the issue of linear equations, mathematical thinking in the process of interpretation, is
a process skill (Kabael & Ata-Baran, 2016), it is a written and verbal form of arguments that include the solution
process in solving and justifying mathematical problem situations. (OECD, 2013). It is seen that the participants
took part in similaractions during the sessions. Peer communication contributes to mathematical language
development (Pellegini et al., 1997), but it is not sufficient for language development alone (Topping et al.,
2004), as well as communication, peer interaction is recommended (Hoff, 2006). According to Steffe (1991), the
field of convergent development as a mathematical concept occurs as a result of interaction in a constructivist
learning environment. As a result of the exchange of mathematical ideas in interaction with a more competent or
adult individual, the learner reconstructs his existing mathematical knowledge. This structuring process allows
the difference between the two levels to get closer (Pritchard & Woollard, 2010). In the study, the three
participants were medium in terms of academic success and three were good. It was determined that some
participants knew different robotic coding programs previously and this situation contributed to their
development. In addition, it is clear that the dialogues in the sessions contribute to the criteria of making sense of
the opinions of others and increasing the discussion in case of misunderstanding. Therefore, it can be said that
this teaching experiment process contributed to the development of algebraic reasoning.

In the theme of “verifying the results on various issues”, it can be said that the participants did not develop at
the expected level. The last part of the open-ended questions used in teaching experiments is about the change of
variables in the given scenarios and how this change will affect the answers of the question. Both these responses
should be individually answered sections and the number of teaching experiment sessions conducted may be
insufficient. Again, the fact that the 7th grade linear equations subject of this study focused on the parts of the
curriculum and the limitation of the number of teaching experiments in the curriculum may have led to the
failure to see the necessary development in this theme. In future studies, this indicator can be focused on as a
reasoning indicator. Again, on the one hand, considering the fact that gifted students who can develop various
perspectives by nature need richer learning environments associated with multiple disciplines, the effect of
educational robotics applications on gifted individuals can be examined. It is thought that richer interpretations
can be obtained in terms of this theme.
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Dogrusal Denklemlerde Yapilan Egitsel Robotik Uygulamalarmin Cebirsel Akil
Yiiriitme Uzerindeki Etkileri

1. Giris

Bireyin ve toplumun bigimlenmesinde 6nemli yeri olan teknolojinin son yillardaki hizli degisimleriyle
bireylerden beklentiler degismektedir (Akgiindiiz ve ark., 2015). Bu beklentiler icerisinde iist diizey diisiinme
becerileri karsimiza cikabilir. Yiizyillardir toplumlar1 yonetenlerde olmasi gereken problem ¢dzme, isbirligi
yapabilme, yaraticilik ve elestirel diisiinme gibi beceriler 21. yiizyilda evrensel okuryazarlik olma yolundadir
(Akgiindiiz ve ark, 2015).Bu beklentiler bireylerin bilgiyi hazir alan degil, bilgiyi yorumlayan, hayatinda iglevsel
bir gekilde kullanabilen, elestirel diisiinebilen, problem ¢dzebilen, kararli, girisimci, empati yapabilen, iletisim
becerileri gelismis, topluma katki saglayan bir bireyi tanimlamakta kullanilabilir (Milli Egitim Bakanligi [MEB],
2018). Tim bu nedenler ile birlikte teknolojiyi tiiketen degil lireten bireyler yetistirmenin de dneminin arttig1
sOylenebilir. Son bes yilda teknoloji destekli {irlinler liretmek isteyen toplumlarm egitim ortamlarinda gesitli
egitsel robotik uygulamalarinin yayginlagtigi goriilmektedir (Freeman, Adams-Becker, Cummins, Davis ve Hall
Giesinger, 2017). Egitici robotlar lizerinde diinya genelinde bir¢ok iilke yaygin olarak aragtirmalar yapmakta ve
bu iilkelerin basinda; Japonya, Kanada, Yeni Zelanda, Giiney Kore, Avustralya, Tayvan, Amerika Birlesik
Devletleri, Portekiz gibi iilkeler gelmektedir. Japonya Robot Dernegi (JARA), Uluslararas1 Robotik Federasyonu
(IFR) ve Birlesmis Milletler Ekonomik Komisyonu (UNEC) kurumlari, son yillarda egitim alaninda ve pazar
paymda robotlarm, ciddi bir sekilde biiyiidiigiinii ve Oniimiizdeki on yilda daha da hizla biiyiliyecegini
aktarmaktadirlar (Barreto ve Benitti, 2012).

Robotik etkinlik/yarigma ve ¢aligmalarinin da tilkemizde gitgide ilgi ¢eken bir noktada oldugu bilinmektedir
(Aksu, 2019; Goksoy ve Yilmaz, 2018; Kiran, 2018; Zengin, 2016). Ancak diinyada ve iilkemizde robotlarla
ilgili ¢alismalar genellikle kurs, kuliip ve proje kapsaminda yiiriitiilmiistiir (Cavas ve Huyugiizel-Cavas, 2005;
Gennari, Dodero ve Janes, 2012; Kog¢-Senol ve Bilyiik, 2015; Sisman ve Kiigiik, 2018; Witherspoon, Reynolds,
Copas ve Alagic, 2004). Ulkemizde gogunlukla 6zel okullarda, devlet okullarinda ise 6gretmenlerin kisisel
cabalartyla bilisim teknolojileri dersinde veya kuliip etkinlikleri kapsaminda, birgok {iniversitede ise ¢ocuklar
icin robotik yaz kamplariyla egitsel robotik uygulamalarina yer verilmeye baslanmistir (Sisman ve Kiigiik,
2018). Egitsel robotik uygulamalari disiplinlerarasi ¢alismalara yonelik olumlu goriis (Zengin, 2016) ve etkili
o0grenme ortami (Sisman ve Kiigiik, 2018) olusturmada katki sunar. Bu ¢alismay1 6zgiin kilan bir taraf ise robotik
uygulamalarinin  kuliip aktivitesi, robotik yarismalarinda kullanilmasmin &tesinde matematik dersi
kazanimlariyla iliskilendirilerek problem durumu karsisinda kod yazarak 6gretimde ders uygulama araci olarak
kullanilmasidir. Ayrica matematiksel akil yiiriitmenin 6zel alanlarindan biri olan cebirsel akil yiiriitmenin
gelisimine de katki saglayacagini diisiiniilmektedir. Bu nedenle problem durumlar1 karsisinda katilimcilarin
robotik kodlama yaparken ve ardindan robotun hareketlerini gozlemleyip olusan durumlar1 ¢oklu temsil
bicimleriyle ifade etmesi, boylelikle cebirsel akil yiiriitme gelisiminin gézlenmesi hedeflenmistir.

1.1. Robot Matematigi

Son yillarda popiilerlesen ve yeni bir teknoloji alan1 olan ‘’Robotik”’, robotlarin ¢alisma ve kullanimini,
robotlarin modelleme, tasarlama ve programlama siireclerini igeren teknoloji alamdir (Silik, 2016). Robotik
teknoloji, egitim alaninda egitimcilere teknolojiyle biitiinlestirilmis, robotik 6gretim programu katkismi sunar.
Bunun yaninda gelismis teknoloji uygulamalarin1 6grenme ortamu icerisinde robotlar iizerinde gerceklestirerek
o6grenmenin daha anlamli, kalict olmasmi saglamak ve elde edilen bu bilgi ve becerilerin giinlilk yasantilarmi
kolaylagtiracak pratik ve kuramsal iiriinler ortaya koymalarini saglamak amaciyla kullanilmaktadir (Wood,
2003). Robotik, robotlarla ilgili yapilan programlamayi, insay: ve tasarim siireglerini igeren programlamanin
gorliniir bir teknoloji dalidir (Karsan-Erbas, 2014). Son yillarda egitsel robotik ¢aligmalar1 Fen, Teknoloji,
Miihendislik ve Matematik [FeTeMM] egitimine destek olmasi, temel bilgi ve becerileri kazandirma amaciyla
kullanilmaktadir (Uggiil, 2013). FeTeMM dersleri miifredat: incelendiginde, grencilerin elestirel diisiinme,
sorgulama becerilerinin ve problem ¢dzme robotik etkinlikleri kullanilarak gelistigi ortaya ¢ikmustir (Talim ve
Terbiye Kurulu Bagkanligi [TTKB], 2006a, 2006b, 2009). Robotik uygulamalarin 6grencilerin problem ¢6zme
becerisinin (Eguchi, 2010; Gerecke ve Wagner, 2007, Goldman, Eguchi ve Sklar, 2004; G6ksoy ve Yilmaz,
2018; Ribeiro, 2006; Silik, 2016), elestirel diisiinme becerisinin (Eguchi, 2010; Jimoyiannis ve Komis, 2001;
Gerecke ve Wagner, 2007; Ribeiro, 2006; Silik, 2016), teknolojiyi kullanma diizeylerinin (Silik, 2016; Ribeiro,
20006), yaratict diisiinme becerisinin (Eguchi, 2010; Gerecke ve Wagner, 2007; Goksoy ve Yilmaz, 2018;
Jimoyiannis ve Komis, 2001; Lin ve ark., 2009) gelisimine katki sundugu goriilmektedir. Nitekim bir¢ok ¢aligma
robotik faaliyetlerinin FeTeMM egitimi tizerinde bir¢ok olumlu etkisinin oldugunu gostermektedir (Alimisis,
2013; Barreto ve Benitti, 2012; Bruciati, 2004; Eguchi, 2010; Kiigiik ve Sigman, 2017; Liu, Lin, Feng ve Hou,
2013; Gerecke ve Wagner, 2007).

Cavas ve Huyugiizel-Cavas (2005) yaparak-yasayarak ogrenmenin ve eglenceli bir sekilde tasarlanmasinin
O0grenmeyi en iist noktalara ¢ikardigi ayrica 6grenmenin kaliciligini arttirdigini belirtmislerdir. Diinyada egitimde
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robotigin kullanimimni arastirmaya yonelik yapilan egitim c¢aligmalarma bakildiginda, robotigin egitimde
ogrenciler i¢in dnemli bir zenginlestirilmis 6grenme ortamu oldugu agiktir (Kog-Senol ve Biiyiik, 2015). Bu
baglamda giiniimiiz ¢agdas egitiminin amacglar1 arasinda tarif edilen bireyin yetistirilmesi i¢cin de bu tiir
zenginlestirilmis 6grenme ortamlarinda yaparak yasayarak 6grenmeyle 6grenmenin kalicilig da arttirilabilir.

Papert (1972) de ogrencilerin aktif olarak siirece katildiklarinda ve anlamli friinler tasarlayip
olusturduklarinda en iyi sekilde Ogrenebildiklerine vurgu yapmaktadir. Zamanla gelisen egitsel robotik
uygulamalarinda 6grenciler 6grenme siirecinin her asamasinda aktif rol almaktadirlar (Alfieri, Higashi, Shoop ve
Schunn, 2015). Bu siiregte Ogrenciler, robotlar1 tasarlamakta, olusturduklari robotlar1 programlamakta ve
sonuglarini aninda goérebilmektedirler. Bu durum 6grencilerin varsayimlar olusturmasi, bu varsayimlari test
etmesi, dogrulamasi, dogrulayamama durumunda yeniden varsayim olusturmasi ve siirecin sonunda problemin
¢ozlimiine yonelik bir sonuca ulasilmasma katki sunmaktadir. Ayrica dgrenciler robotlarint blok tabanli ya da
metin tabanli gorsel programlama araglariyla programlarken bu siirecte robotlarin kizildtesi, dokunma, renk ve
ses gibi ¢esitli sensorleri kullanilarak cevreyle etkilesime girmeleri saglanmaktadir. Boylece Ogrenciler
belirledikleri amaglar dogrultusunda farkli islevleri yerine getirebilen &zgiin robotik projeleri
gelistirebilmektedirler. Alan yazinda yapilan ¢aligmalar egitsel robotik uygulamalarinin 6grencilerin bilimsel
slire¢ becerilerini gelistirmede de etkili oldugunu gostermistir (Eguchi, 2010; Gerecke ve Wagner, 2007; Kog-
Senol ve Biiyiik, 2015; Lin ve ark., 2009). Yine Papert (1993) kodlama etkinliklerin sinif 6gretimini gelistirmek
i¢in muazzam bir potansiyele sahip olduguna inanmaktadir. Bununla birlikte Williams, Ma, Prejean, Lai ve Ford
(2007), robotik uygulamalarin okul Oncesi 6greniminden lise 6greniminin sonuna kadarki (K-12) 6gretim
programi iizerindeki etkisini kanitlamak i¢in sinirli ampirik kanit oldugunu teyit etmektedir. Egitimciler,
matematik, fen ve mithendislik dahil olmak {izere g¢esitli konularin 6gretimine robotik dahil etmek i¢in fikirler
iiretmeye ve etkinlikler gelistirmeye baglamistir. Bir yandan da Johnson (2003) tarafindan dgrencilerin akademik
performansi iizerindeki dogrudan etkisini destekleyen bir aragtirma sonucu olmadigi robotik faaliyetlerin sadece
“moda” olabilecegini zorluk olarak sunulmustur. Arastirmacilar, egitimde robotik kullammu ile ilgili alan
yazininin ¢ogunun, bireysel inisiyatiflerle olumlu sonuglar elde eden &gretmenlerin raporlarina dayanarak,
tanimlayicr nitelikte oldugunu vurgulamaktadir (Williams ve ark., 2007; Caci, Cardaci ve Lund, 2003).

Robot matematigi ise; teknoloji, miihendislik ve matematigin disiplinlerarasi birlegimidir, 6grencilere
disiplinleraras1 bakigin 6nemini ve bu disiplinlerin birbirlerini nigin gerekli kildiklarin1 ve bir yandan da
birbirlerini nasil kolaylastirdiklarin1 ifade eder (Alfieri ve ark., 2015). Arastirmacilar robotik derslerinin
ogrencilerin matematiksel kavramlari anlamlandirmasini pekistirmede olasi kullanimma odaklanmaktadirlar
(Barreto ve Benetti, 2012; Vollstedt, Robinson ve Wang, 2007’den akt., Dinger-Kucus ve Cantiirk-Giinhan,
2017, s. 621). Robotik-matematik, 6zellikle robotik lizerine odaklanan matematik 6gretimini tamimlamak igin
kullanilan bir terimdir (Dinger-Kucus ve Cantiirk-Giinhan, 2017). Ogrenciler robotik kodlama siirecinde,
problem durumu i¢in kodlama yaparken somut baglamda matematiksel problemlerle karsilagabilirler. Farkli
icerikte matematiksel problemlerle karsilasma, 6grenciye robot matematigi baglaminda hem deneyim hem de
0zgiliven kazandirabilir. Buna bagl da 6grencinin daha hizli bir sekilde matematiksel kavrami anlamlandirma ve
sezme kabiliyetine ulasacagi ongoriilebilir. Matematiksel kavramlari anlamdirmasi 6grenciyi 6grenmeye daha da
yaklastirir. Bu sebeple robotik matematik siirecinde 6grencilerin matematiksel becerilerini nasil yansittiklari
incelenebilir. Bu arastrma kapsaminda da Ogrencilerin cebirsel akil yiirlitme becerilerinin incelenmesi
amaclanmistir.

1.2. Cebirsel Akil Yiiriitme

Akl yiirlitme, muhakeme bir bagska deyisle usavurma biitlin etmenleri dikkate alarak diisliniip akilct bir
sonuca ulagma siirecidir (Kaya ve Kesan, 2014). Bir konuda akil yiiriitebilenler, o konuyla ilgili yeterli bilgi
seviyesine sahip ve yeni karsilastig1 bir durumu her boyutuyla inceleyip mantikli tahminler ve varsayimlarda
bulunarak diistincelerini gerekcelendirebilirler, ardindan bazi sonuglara ulasip ulasilan sonucu agiklayabilir ve
savunabilirler (Umay, 2003). Akil yiirlitme kisaca mantiksal diisiinme, yargiya varma, sonug¢ ¢ikarma olarak
ifade edilebilir. Celik’in (2007) belirttigi gibi akil yiiriitme bireyleri gelecekteki akademik ve is hayatina
hazirlamanin yaninda, onlar1 yasama hazirlamak agisindan da ¢ok o6nemli bir yere sahiptir. Akil yiiriitme
sayesinde diisiiniip etkili kararlar verildiginden akil yiiriitme yasami kolaylastirict 6zelligi olan onemli bir
yetenektir (Erdem, 2011). Matematiksel akil yiirlitme ise yeni ortaya ¢ikan matematiksel fikirler ile birlikte
kesfetmeyi, bireylerin neden sorusuna yanit ararken problemi yapilandirmasini, agiklanmasini, yorumlamasini ve
onaylanmasini igerir (Kasmer, 2008). Cebirsel akil yiiriitme ise matematiksel akil ylriitmenin bir bilesenidir
(Nilklad, 2004). Cebirsel akil yiiriitme kavramimim igini dolduran akil yiiritme, temsil kullanma, sembolik
temsillerin anlamini agiklama, degiskenleri anlama, temsiller arasinda doniisim yapma, problem ¢6zme,
matematiksel fikirlerin gelisimi i¢in modellerle ¢aligma gibi matematik i¢in hayati becerileri igeren bir diisiinme
seklidir (Kaf, 2007). Dolayisiyla cebirsel akil yiiriitme, matematik dgretiminde biitiin sinif seviyelerinde one
¢ikan bir kavram denilebilir. Bunun yaninda cebirsel akil yiiriitme becerisi yalnizca matematik dersinde degil
giinliik hayatta bireylerin karsilastiklar1 giicliikler {izerinde diisiinmeye, yorumlamaya ve ¢6ziim yolu aramaya
yonelik etkinlikler de icermektedir (Bike-Kalkan, 2014). Bu etkinlikler 6grencide diisiinme, yorumlama ve
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¢oziim yolu arama gibi zihinsel siiregleri etkileyebilecegi diisiiniilmektedir. Belki de bu etkinlikler smnif
ortaminda uygun Ogretim yontem ve teknikler kullanilarak 6grencilerin akil yiiriitme becerilerinin gelisimi
saglanabilir.

Cebirsel akil yiirlitme ise bir problem durumunda bilgiyi kelimeler, tablolar, grafikler ve denklemler gibi
farkli temsil bigimleriyle ifade edebilme; matematiksel yapilari, sembolleri, araglar1 ve islemleri anlaml
kullanma; oriintiileri formiile edip denklem olusturma, fonksiyon ve bagmtilari anlayabilme ve tiimevarimsal ve
timdengelimsel diigiinmeyi i¢eren akil yiiriitme bigimidir (Driscoll, 1999; Greenes ve Findell, 1998; Herbert ve
Brown, 1997; Kaput, 1999; Kieran ve Chalouh, 1993; National Council of Teachers of Mathematics [NCTM],
2000). Yani cebirsel akil yiiriitme; degiskenleri genelleme, temsil bi¢imlerinin birbirine doniisimii ve
hesaplamalar yoluyla soyutlamalar1 kapsayan akil yiirtitmenin bir tiirli olarak tanimlanmaktadir (Vance, 1998).
Tiim bu tanimlamalar dikkate alindiginda cebirsel akil yiirlitme becerisinin bireydeki gelisiminin olduk¢a 6nemli
oldugu séylenebilir. Cebirsel akil yiiriitme becerilerinin yonelik gdstergeler Tablo 1’de yansitilmistir. Bu Tablo
1’deki gostergeler, Kasmer (2008) tarafindan NCTM (Ulusal Matematik Ogretmenleri Konseyi) ve TIMMS’in
(Uluslararast Matematik ve Fen Egilimleri Arastirmasi) biligsel alaninin beklentilerini benimseyerek
gelistirmistir (akt., Bike-Kalkan, 2014, s.14). Bike Kalkan’m (2014) g¢alismasinda da Tiirkgelestirilmis ve
“cebirsel muhakeme gostergeleri” olarak vermistir.

Yapilan bu calismada yukarida bahsedilen kavramsal cercevenin tercih edilmesinin nedeni sistematik
gostergeler icermesi, alanyazin temsil giicii, 2017-2018 egitim dgretim yili 6gretim programlarinda ifade edilen
kazanimlar1 gézlemlemeye yardimei1 olmasidir. Ayrica bireylerin yukaridaki gostergelerin ¢ogunu bireysel olarak
yansitabilecek iken AYS5 ve AY6 gostergelerine dikkat edilecek olursa “baskalarinin diisiincelerini/ fikirlerini/
yaklagimlarini anlamlandirma..” ve “...sorular sorma ve tartigmay: artirma” gibi ifadelerden &grencilerin bir
araya gelmesi durumunu yansittigi i¢in bu ¢aligmada da grup ¢aligsmalarina yer verilmistir.

Tablo 1. Cebirsel Akil Yiiriitme (AY) Gostergeleri

Gosterge Gosterge Aciklamalart

AY(1): Genellemeleri formiile etme, degerlendirme ve destekleme:
Herhangi bir durum i¢in dogru bir seyler hakkinda bir agiklama yapabilmedir.

AY(2): Matematiksel argiimanlar1 olugturma, degerlendirme ve destekleme:
Ozel ya da genel bir durum hakkinda informal ya da formal bir aciklama yapabilme, yani en
son genelleme icin bir varsayim yapabilmedir.

AY(3): Problem durumunu analiz etme ve degerlendirme:
Coziim icin problemden yararl bir bilgi ortaya ¢ikarabilmedir.

AY(4): Matematiksel iliskiyi kurmak/desteklemek i¢in tiimevarim ve tiimdengelim muhakemeyi
kullanmak:
Tiimevarimsal muhakemeyi kullanmak, oriintii calismalarinda matematiksel iliskiyi
arayabilme, tiimdengelimsel muhakemeyi kullanmak ise, belirli bir durumda bulunan bir
oriintiiyii desteklemek icin kurulan matematiksel bir iliskiyi kullanabilmektir.

AY(5): Bagkalarmin diisiincelerini/ fikirlerini/ yaklasimlarini anlamlandirma ve bunlarin arkasindaki
mant1g1 saglama:
Elestirel/degerlendirici bir yaklasimla digerlerinin mantiginin ve muhakemesinin kabul edilip
edilemeyecegini anlayabilmedir.

AY(6): Yanlis anlama ya da anlagsmazlik durumlarinda sorular sorma ve tartismayi artirma: A¢iklama
isteme ya da karsit bir goriis saglayabilmedir.

AY(7): Cesitli konulardaki sonuglar1 dogrulama ve destekleme:
Bir genelleme ya da bir argiiman yapma zorunlulugu olmadan bulgulari ozetleyen bir
agiklama yapabilmedir.

Bu ¢alismada kodlama ve dogrusal denklem konusunun birlikte disiiniilmesinin nedeni, cebirsel akil yiiriitme
stiregleriyle kodlama siireglerinin benzer yollar1 igermesidir denilebilir. Kodlama, ¢oziilecek bir problemde
oriintiileri adim adim iliskilendirerek olusturup ¢oziime nasil ulasacaginin belirleme siirecidir (Uziimcii ve Erdal,
2018). Boylelikle yirmi birinci ylizy1l becerilerinin gelisiminde, teknolojiyi iiretebilen teknoloji destekli
matematik egitimi alanina yeni bir yonelim daha eklenebilir. Bu noktada bu ¢aligmanim amaci idea o-bot robotik
yazilimimi bilen ortaokul 6grencileri ile matematiksel 6grenme ortami olusturup cebir alt 6grenme alaninda yer
alan dogrusal denklemlerde cebirsel akil yiiriitmenin gelisim siirecini incelemektir. Aragtirma problemi ise:
“Egitsel robotik uygulamalarmin tasarlanan bir ogretim deneyi yontemiyle 7. sinif 6grencilerinin dogrusal
denklemler konusunda cebirsel akil yiiriitmenin geligimi nasidir?” olarak belirlenmistir. Bu probleme ait alt
problemler ise asagidaki gibidir:
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o “Egitsel robotik uygulamalar oncesi 7.sinif 6grencilerinin dogrusal denklemler konusunda cebirsel akil
yiiriitme gelisimi nasiudir?”

o “Egitsel robotik uygulamalarimin ogretim deneyi siirecinde, 7. sinif 6grencilerinin dogrusal denklemler
konusunda cebirsel akil yiiriitmenin geligimi nasildw?”

e “Egitsel robotik uygulamalar sonrast 7. Sinif 6grencilerinin dogrusal denklemler konusunda cebirsel akil
yiiriitmenin gelisimi nasildir?”

2.Yontem

Bu arastirma ile yedinci smif 6grencilerinin egitsel robotik uygulamalarla dogrusal denklemlerde cebirsel
akil yiiriitme becerilerinin gelisimi incelenmek amaglandigi i¢in nitel arastirma yaklagimlar1 tercih edilmistir.
Ciinkii nitel arastrma yaklagimlar1 arasgtrma oOrnekleminin davramiglarmi dogal ortaminda derinlemesine
sorgulamay1 amagladigindan arastirmacilarin arastirilan konuda derinlemesine bilgiye ulagsmasini saglamaktadir
(Lempp ve Kingsley, 2007). Calismada nitel yaklasim cercevesinde ogretim deneyi deseni kullanmilmugtir.
Ogretim deneyi dgrencilerin matematiksel gergekleri anlamasi ve bu siiregteki davranis riintiilerini ortaya
¢ikarmada kullanilabilecek etkili bir yontemdir (Lesh ve Kelly, 2000; Steffe, 1991; Steffe ve Thompson, 2000).
Bu calismada da ogrencilerin aragtirma siireci Oncesinde Ogretim programlari dogrultusunda zihinlerinde
bulundurduklar1 dogrusal denklemlere dair bilgilerden ve idea 0-bot kullanabilme bilgilerinden yola ¢ikarak
cebirsel akil yliriitmenin nasil gelistiginin anlamlandirilmasi i¢cin 6gretim deneyi yontemi kullanilmustir.

2.1. Katihmeilar

Bu arastirmada katilimcilar, amagli 6rneklemenin 6l¢iit 6rnekleme yontemiyle se¢ilmistir. Amacgh 6rnekleme,
zengin veri saglayacagi diisiintilen durum ve olaylarm yorumlanmasi, agiklanmasi ve derinlemesine incelenmesi
amactyla segilmektedir (Yildirim ve Simsek, 2005). Oliit 6rneklemede ise belirlenmis dlciit ya da 6lgiitleri
karsilayan durumlar ¢alisilmaktadir ve s6z konusu olgiitler 6nceden olusturulmus bir listeden alinabilir ya da
aragtirmact tarafindan hazirlanabilir (Yildirim ve Simgek, 2005). Bu ¢aligmadaki katilimcilart Mugla ili, merkez
ilcesinde bulunan bir ortaokulunda 7. smif Ogrencileri olusturmaktadir. Arastirmada segilen 6 Ogrencinin
seciminde dort temel 6lgiit dikkate alinmistir. Bu 6lgiitler;

e temel diizeyde kodlama biliyor olmasi,
e matematik dersi basarisinin orta ve yliksek olmasi,
e kendisini iyi ifade edebilen dgrenciler olmasi,
e Ogrencilerin goniillii olmasidir.
Katilimcilar belirlenirken matematik Ogretmenleri ve bilisim 6gretmenin fikirleri almmistir. Caligmada
katilimcilarin takma isimleri kullanilmigtir. Katilimeilarin 6zellikleri Tablo 2°de verilmistir.

Tablo 2. Katilimcilarmn 6zellikleri

Takma Ismi Akademik Basaris1 Kendini ifade etme Bagka programlar bilmesi
llgaz Yiiksek Iyi Bilmiyor
Eren Orta Iyi Bilmiyor
Su Yiiksek Iyi Bilmiyor
Mert Orta Tyi Biliyor
Asya Orta Iyi Bilmiyor
Emre Yiiksek Iyi Biliyor

Calismada, katilimcilarin akademik basarisima gore bir orta bir yiiksek olacak sekilde iki kisilik gruplar
olusturulmus ve bu gruplarda katilimcilarin yakinsal gelisim alanlarinda birbirlerine destek olacak sekilde
O0grenme ortami olusturulmustur.

2.2. Veri Toplama Araclan

Aragtirmada veri toplama araci olarak katilimcilara uygulanan 6n test, dgretim deneyi siirecindeki gorevler ve
son test kullanilmistir. Cebirsel akil yiiriitme gostergeleri dogrultusunda gelistirilen 6n test, 6gretim deneyi
gorevleri ve son test hazirlanirken 6gretim programi kazanimlart dikkate alinarak hazirlanmistir. Ardindan tiim
stiregte kullanilacak araglarin akil yiiriitme gostergelerin uygunluguna iligkin bir alan egitimcisi, deneyimli iki
matematik dgretmenin goriisleri alinmustir. On testte katilimcilara 7 soru yoneltilmistir. Ogretim deneyi ii¢
oturumdan olusmaktadir ve her bir oturumda bir senaryo kapsaminda gorevler verilmistir. Birinci oturumda
y = ax denklemi, ikinci oturumunda ise y = ax + b denklemi i¢inde gelisen birer senaryo ve gorevler
dogrultusunda sorulan sorular ile cebirsel akil yiiriitme becerileri 6l¢iilmeye ¢alisilmustir. Uciincii oturum ise
AYS ve AY6 gostergelerinin ancak grup calismalari sirasinda gozlenebilmesi iizerine hazirlanmistir. Son testte
de katilimcilara 6 soru yoneltilmistir. Tablo 3’te de bu veri toplama araglarmin igeriklerinde katilimcilardan
beklenenler ve sorularin bulundurdugu gostergeler verilmistir.
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Tablo 3. Soru, Gostergeler ve Beklentiler

Veri Toplama Araci Problemin icerigi Gosterge
A Bu duruma yonelik sayr Oriintiisii ve tablo yazmasi AY 2-3
Bir antik tiyatronun koltuklar:  beklenir.
asagidan yukartya A,B ve C Bu durumun genellemesinin sdzel ifadesi ve dogrusal AY 1-2-4-7
olarak isimlendirilis {i¢ béliime denklemini yazmasi beklenir.
ayrilmistir. Bu bolimlerden A Istenen boliimde koltuklarda kag seyirci oturacagmni AY4
ve C olarak isimlendirilis hesaplamasi beklenir.
boliimlerde koltuklar asagidan  Olusacak durumun dogrusal denkleminin grafiginin AY2
On Test yukartya  birer, B olarak ¢izilmesi beklenir.
isimlendirilen ~ boliimde ise Baslangigta verilen soru kokiinde verilen ifadelerde
ikiser artar. Antik tiyatroda degisim  oldugunda denklem ve koltuklarda
koltuk  sayilarimn  dogrusal oturabilecek kisi sayisinin degisiminin agiklanmasi AY 1-2-3-4-7
artisina dair; beklenir.
B Topun mag siirecinde izledigi yolun zamana baglh AY 3
Topla yapilan bir sporda topun grafiginin yorumunu yapabilmesi beklenir.
mag siirecinde izledigi yolun Benzer sekilde baska bir spora ait zamana bagl degisim AY 7
zamana bagl grafigine dair; grafigi ¢cizmesi beklenir.
Bu siiregte gerekli olacak algoritmay: grup arkadasiyla ~ AY 1-2-3-4-
kodlanmay1 olusturmasi beklenir. 5-6-7
Bu duruma ydnelik say1 Oriintiisii ve tablo yazmasi AY 2-3
beklenir.
Bu durumun genellemesinin sézel ifadesi ve y = ax AY 1-2-4-7
Otopark yonlendirme sistemi formatinda dogrusal denklemini yazmasi beklenir.
Ogretim kullanan 10 Katli bir otoparkta Istenen  saniyede robotun  nerede  olacagmi AY 4
Deneyi 1 bos bir alana ara¢ park etmesi agiklayabilmesi beklenir.
istenen robota dair; Robotun aldigi yolun zamana bagh grafiginin ¢izilmesi AY 2
beklenir
Otopark yoOnlendirme sistemi olmasa bu otoparkta
olusacak duruma yonelik bir varsayim olusturup bu
durumun denkleminin nasil olacaginin agiklanmasi AY 1-2-3-4-7
g ¢
beklenir.
Grup arkadasiyla bu durumu saglayacak bir kod  AY 1-2-3-4-
yazmas1 beklenir. 5-6-7
Bir odanin igerisinde bulunan Bir bebegin dakikada emekleyerek aldigi yolu dikkate
somine ve somineden 20 cm alarak bulundugu noktadan somineye yaklagsmasinin
.. . . N AY 2-3
Ogretim uzaklikta bir sensOr istenen siirede tablosunu ve y = ax + b formatinda
Deneyi 2 bulunmaktadir. Somine  denklemini yazmasi beklenir.
yanarken sensdére 20 cm’den Ayni durumun tam tersinden yorumlanarak duvardan
fazla  yaklasildiginda uyar1 uzaklagma denklemini y = ax + b formatinda yazmasi AY 2-3
verecek bir kod yazmaya dair; beklenir.
Bebegin emekleme hizinin artmasi1 durumunda odadaki
sensoriin yerinin ve bebegin aldifi yolun zamana baghh ~ AY 1-2-3-4-7
dogrusal denkleminin degisimini aciklamasi beklenir.
... On saniyelik siirecin saniyede almman yol olarak
3 adet robotla 10 saniyelik  (;pi0sunun olusturulmasi, sirali ikililer yardimiyla AY5162_73_4-
Ogretim koreografi olusturmalart grafiginin cizilmesi beklenmektedir. e
. beklenir. o . y .
Deneyi 3 Tercih edilen saniye araliklarinin dogrusal denkleminin AY 1-3-4
yazilmas1 beklenir.
Asct A ve Asci1 B’nin zamana bagli hazirladiklar tabak
sayilarinin ~ tablosunun  olusturulmasi  ve  sirali AY 2-3
ikililerinin yazilmas1 beklenir.
A . . iki ascinmn belirtilen siire icerisinde hazirlayabildigi AY 4
Mut.fagmda g:ahsltlymak UZEI®  tabak sayisina dair yorum yapabilmesi beklenir.
bir ise bagvuran iki ag¢inin ({% Iki asc1 i¢in yemegi hazirlama siire (t) ile hazirlanan
ve ‘B)‘ performanfmu} grafigi  pak (p) arasinda olusan durumun genellemesi ve sézel ~—~ AY 1-2-4-7
Son Test verilmistir. Buna yonelik; ifadesini yazmast beklenir.
Isverenin deneme siireci sonunda kimi ise almasi
gerektigini gerekcelendirerek aciklamasi beklenir. AY 35
B Topun mag siirecinde izledigi yolun zamana bagl AY 3
Topla yapilan bir sporda topun grafiginin yorumunu yapabilmesi beklenir.
mag siirecinde izledigi yolun Benzer sekilde baska bir spora ait zamana bagli degisim AY 7

zamana bagl grafigine dair;

grafigi ¢izmesi beklenir

513



B. Dinger, B. Cantiirk-Giinhan

Gerek 6gretim deneyi siirecinde gerek de On test ve son test sorulari cevaplandirilirken katilimeilarin izni
alinarak tiim siire¢ kayit altina alinmigtir. Bu kayitlardaki ve 6grencilerin cevaplarini yazdiklar: kagitlardan elde
edilen bulgular da arastirmaya yansitilmigtir.

2.3. Verilerin Analizi

Ogretim deneyinden elde edilen verilerin analizi, geriye doniik ve ileriye doniik analiz olmak iizere iki
sekilde yapilmaktadir. Ileriye doniik analiz, arastirmacinmn siire¢ igerisinde uygulamalar1 devaml sekilde analiz
etmesi ve bunun neticesinde 6gretim ve 6grenmenin daha iyi hale getirilmesi i¢in alternatif 6grenme yollarini
ortaya koymasidir (Cobb, Confrey, Disessa, Lehrer ve Schauble, 2003). Geriye doniik analiz ise, ¢alisma
sonunda toplanan biitiin verilerin analiz edilerek ortaya konulan modelin giivenilir ve tutarli oldugunun
gosterilmesidir (Cobb, 2000; Cobb ve ark., 2003; Steffe ve Thompson, 2000). Bu ¢alismada da 6gretim deneyi
stirecinin analizinde her uygulama sonrasi ileriye doniik analizler yapilmis, bir sonraki uygulamaya bu analizler
1s1¢inda devam edilmistir. On test, 6gretim deneyi siireci ve son testte dgrencilerin durumlar1 Tablo 1’°deki
gostergeler 15181inda “genellemeleri formiile etme, matematiksel argiiman olusturma, problem durumunu analiz
etme, matematiksel iligki kurma, ¢esitli konulardaki sonug¢lar1 dogrulama” temalar1 olusturularak igerik analizi
ile incelenmistir. Bu temalarda Ogrencilerin akil yiiriitme gostergelerin yansitmalar: asagida Genellemeleri
Formiile Etme Destekleme/ Degerlendirme temasina gore drneklendirilmigtir;

Dogru : Ogrenci dogrusal denklemi dogru bir sekilde yazabilmistir.
Kismen Dogru: Ogrenci dogrusal denklemi kismen yazabilmistir.
Yanlis: Ogrenci dogrusal denklemi yanlis yazmustir.

Bos: Ogrenci soruyu bos birakmustir.

Ayrica sorularin anlagilip anlasilmadigini anlamak amaciyla 7. siifta 6grenim goéren iki 6grenciyle pilot
uygulama yapilmis, testler ve 6gretim etkinliklerinde bulunan maddelerin daha acik ve anlasilir olmasi igin
tekrar diizenleme yapilmistir. Arastirmanin gegerligini saglamada; veri toplama araglar1 gelistirilirken alan yazin
ve uzman goriisleri dikkate alinmistir. Ses kayitlari yaziya dokiilmiis, arastirmacilar tarafindan kontrol edilmistir.
Verilerden elde edilen kodlamalar arastirmacilar tarafindan 6 ay arayla yapilmis, bu iki analiz arasinda uyum
yiizdesi %95 olarak hesaplanmigtir. Ayrica oturum sonlarinda katilimcilarla agik uglu sorulara verdikleri
yanitlarla ilgili “burada ne diisiindiin?”, “buraya bu ifadeyi yazma sebebini sorabilir miyim?” gibi sorular
yoneltilerek ham verilerle elde edilen sonuglar siirekli karsilastirilmig, boylece teyit edilebilirlik saglanmistir.
Aktarilabilirlik i¢in katilimcilarin ifadelerinden dogrudan alintilara yer verilmistir.

2.4. Uygulama Siireci

Arastirmanin asil uygulamasindan 6nce 6gretim deneyinin bir pilot uygulamasi yapilmistir. Pilot uygulamada
ogretim deneyi iki oturumda gergeklesmis ve silire¢ analiz edildiginde 6grencilerde gozlemlenmesi beklenen
“bagkalarmin diisiincelerini/ fikirlerini/ yaklagimlarmmi anlamlandirma ve bunlarin arkasindaki mantig1
saglama”(AYYS) ile “yanlis anlama ya da anlagsmazlik durumlarinda sorular sorma ve tartismay1 arttirma” (AY6)
cebirsel akil yiiriitme gostergelerinin yeterince gozlenemedigi fark edilmistir. Bu sebeple {igiincii bir 6gretim
deneyi oturumu tasarlanmis, uzman goriisii alinmis ve uygulanmistir. Bu pilot uygulama, asil uygulamadan iki
hafta 6nce tamamlanmustir. Asil calisma grubuyla dgretim deneyi ii¢ oturum olarak gerceklestirilmistir. Ogretim
deneylerini birer hafta arayla yapilmigtir. Calismanin uygulama siireci 6n ve son test ile beraber bes hafta
stirmiistiir. uygulama siirecini anlatan sema Sekil 1’de verilmistir.

*ON TEST {
*1. OTURUM
*2. OTURUM
UYGULAMA *3. OTURUM
ONCESI

lleriye Déniik Analiz

Sekil 1. Uygulama Semas1

Birinci oturumda Tablo 3’te ifade edilen senaryo verilmis ve katilimcilardan bu senaryo geregi hareket
edecek idea o-bot’un hareketlerinin (senaryodaki problem durumu karsisinda yonergeleri gerceklestirme)
algoritmasint Grupl:Ilgaz-Eren, Grup2:Su-Mert, Grup3:Asya-Emre olacak sekilde ii¢ farkli gruptan yazmalar
istenmistir. Kodlar1 yazma siire¢leri tamamlandiktan sonra senaryo iizerinden sorular yoneltilmis, bireysel olarak
yamitlamalar1 istenmistir. Ikinci oturumda da yeni bir senaryo verilmis ve bu senaryo geregi idea o-bot’un
sensorlerinin hareketi ve sicakhigi algilayacak bir algoritma yazmasi yine ayni gruplardan istenmistir. Birinci
oturumdaki siire¢ gibi gruplar kodlar1 beraber yazdiktan sonra sorular1 bireysel olarak cevaplamiglardir. Bu
oturumda senaryodaki degiskenlerden bazilar1 degistirildiginde olusacak yeni algoritma ve denklem {izerine
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tartisirken katilimcilarin kafalarinda bir belirsizlik olustugu gézlenmistir. Bu belirsizlik algoritma ve denklemin
degiskenlerini birbirinden bagimsizken senaryodaki degisikligin her iki durumun degiskenlerini de farkli
bi¢imlerde etkiliyor olmasindandir. Bu nedenle ikinci oturumda bireysel yanitlara gegmeden once, degisken
kavramu iizerine tartisma yiiriitiilmiistiir. Ugiincii oturumda katilimeilarm robotlarini dans ettirmeleri icin birlikte
koreografi olusturmalar1 bu koreografiyi de algoritmaya yansitmalari, ardindan algoritma sonucu robotun
hareketlerini denklem ve diger temsil bi¢imlerine doniistiirmeleri beklenmistir. Her bir oturum yaklagik bir saat
strmiistiir.

3. Bulgular

Bu boliimde arastirmada katilimcilara yoneltilen 6n test sorulari, i¢ 6gretim deneyi oturumu boyunca sorulan
sorular ve son testte yoneltilen sorularmn yanitlari analiz edilmistir.

3.1. On Test Sorularimin Bulgular

On testte bir antik tiyatroda bulunan koltuklarin dizilimi verilmis bu dizilim {izerinden ayni durumun sayi
oriintiisti, tablo, grafik, sdzel genelleme ciimlesi, dogrusal denklemi ve belirli bir sirada ka¢ koltuk olacaginin
hesaplanmasi istenmistir. Bir de verilen bir grafik {izerinden topun siirecteki yiiksekligi tizerinden hangi spor
olabilecegini yorumlamalari ve kendi sevdikleri bir spor dali i¢in zamana bagl topun yerden yiiksekligi igin
grafik ¢izmeleri istenmistir. Bu boliimde katilimcilardan alinan bulgular 6n testte verilen yanitlar dogrultusunda
temalar halinde incelenmistir. Bu temalar; genellemeleri formiile etme, matematiksel argiiman olusturma,
problem durumunu analiz etme, matematiksel iliski kurma, ¢esitli konulardaki sonuglari dogrulama
bi¢imindedir.

Testin “Bir antik tiyatroda koltuklar ii¢ boliimden olusmakta ve A ve C boliimlerinde ilk sirada 10’ar koltuk
bulunmakta olup her sirada koltuk sayisi 1 artmaktadir. B béliimiinde ise ilk sirada 20 koltuk bulunmakta olup
her sirada koltuk sayisi 2 artmaktadir. Koltuk sayilari her siitunda ikiser artsaydi dogrusal denklem nasil
olurdu” sorusunda katilimeilardan Su “(8+2x).3” yanit1 vererek soruda ilk sirasinda onar koltuk bulunan A ve C
sirasi i¢in genellemeye ulasabilmis, ancak yirmi koltuk bulunan B sirasi i¢in ulasamamustir. Dolayisiyla 6n testte
genellemeleri formiile edebilmede konusunda kismen basari gosterdigi soylenebilir. Ilgaz ise “B’de hi¢
degisiklik olmazdi ¢iinkii B’de zaten 2’serli artiyor” demistir. Ilgaz’in bu yorumu informal matematiksel bir
argiiman tiretebildiginin gostergesidir. Asya’nin timevarma siirecinde informal agiklamalar yaptigi kagidindaki
ifadeler “ 4 ve C swralarinda birer koltuk artisi varken B de iki koltuk artmaktadwr.” ve “A ve C’de yeni durumda
toplam dort artis olurdu, B degismezdi.” seklinde oldugu goriillmiistiir. Asya, yanitlarinda verileri arasi
matematiksel iliski kurabildigi goriilmektedir. Cesitli konulardaki sonuglari dogrulama temasi agisindan
bakildiginda da Emre’nin sorulan bir soruda verdigi yanit Sekil 2’de goriildiigii tizere hem dogrusal denklemle
hem de s6zel genellemeyle destekledigi ve dogruladigi goriilmektedir.

Sekil 2. Emre’nin Sonuglarini Dogrulama Ornegi

Katilimeilardan Emre’nin ise problem ¢6ziim siirecinde soruda verilen grafigi saniyeye bagl ¢oziimlemesinin
dogru yanita ulastirdign Sekil 3°te goriilmektedir. Problemi ¢dzerken verilen grafikten yararlandigi ve kendi
ilgilendigi sporun siireye bagh aldig1 yol grafigini dogru ¢izdigi goriilmiistiir. Problem durumunu analiz etme
temasinda problemden yararl bilgiyi ortaya ¢ikarabildigi ve bu agidan da yeterli oldugu sdylenebilir.

Sekil 3. Emre'nin Grafik Yorumlamasi ve Cizimi

On test analizlerini genel olarak ele almak gerekirse genellemeleri destekleme temasina bakildiginda tablo
temsilinin tiim katilimcilar tarafindan kullanildigi, say1 oriintiileriyle temsil ve destekleme ise ii¢ katilimcinin
yanitlarinda goriilmiistiir. S6zel genellemeye dort katilimcmin ulasabildigi ancak katilimcilarin genel olarak
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y = ax veyay = ax + b formatinda dogrusal denklem kurmakta zorlandiklar1 goriilmiistiir. Argiiman olusturma
stirecinde formal agiklama yalnizca bir katilimei tarafindan yapilmis olup genel egilimin informal agiklama
yoniindeki yine katilimeilarin yarisinda gozlenebilmistir. Problem durumunu analiz ederken tablodan tiim
katilimcilar faydalanmis, oriintiiden yar1 yartya faydalanma varken grafik ve denklemden i¢in birer katilimcinin
faydalandigi gorilmistir. Matematiksel iliski kurma temasina bakildiginda gerek tiimevarimsal gerekse
tiimdengelimsel aciklamalarin informal oldugu dikkati ¢ekmistir. Son tema olan cesitli konulardaki sonuglar1
dogrulama temasinda yanit ise olduk¢a azdir. Tiim dgrencilerin 6n test sonucunda temalardaki durumlarmn 6zeti
Tablo 4’te verilmistir.

Tablo 4. Ogrencilerin dntest sonucundaki durumlari

Tema Alt Tema Eren llgaz Mert Su Asya Emre
Genellemeleri Formiile Dogrusal Denklem Bos Yanlis Yanls Kismen Yanhs Dogru
Etme Destekleme/ Yazma Dogru
Degerlendirme
AY1l Genellemeleri Dogru Kismen Kismen Dogru Dogru Dogru
Destekleme/ Dogru Dogru
Degerlendirme
Matematiksel Argiiman Formal Ag¢iklama Yok Yok Yok Yok Yok Kismen
Olusturma Dogru
AY2 .
Informal Agiklama Kismen Kismen Kismen Kismen Kismen Dogru
Dogru Dogru Dogru Dogru Dogru
Problem Durumunu Problemi Anlama Kismen Dogru Dogru Dogru Dogru Dogru
Analiz Etme Dogru
AY3
Problemi Cozebilme Yanlis Dogru Dogru Dogru Dogru Dogru
Matematiksel iliski Tiimevarimsal iliski Kismen Kismen Yok Kismen Kismen Dogru
Kurmak Dogru Dogru Dogru Dogru
AY4 .
Tiimdengelimsel Ilisgki Kismen Kismen  Kismen Dogru Kismen Dogru Kismen Kismen
Dogru Dogru Dogru Dogru
Cesitli Sonuglardaki Sonuglar1 Dogrulama AY7 Yok Yok Yok Yok Dogru Dogru

3.2. Ogretim Deneyi Siirecinin Bulgulari

Ogretim deneylerinde akademik basar1 yoniinden bir orta, bir iyi 6grenci ile olusturulan gruplarin verilen
senaryolar dogrultusunda kodlama yapmalari, bu kodlamay1 simiilasyonda goézlemlemeleri, eger istedikleri
sonuca ulasamamalar1 halinde yeniden kod yazmalari ve siireci tamamlamalari, ardindan bireysel olarak
senaryonun devaminda sorulan sorularla tablo, oriintii, sirali ikili, grafik, sozel genelleme ciimlesi ve dogrusal
denklem yazmalar1 istenmistir.

3.2.1. I Ogretim Deneyi Oturumunun Bulgular:

[k oturumda bir otopark diizenegi verilmistir. Tablo 3’te de aciklandig1 gibi bu diizenekte katlar1 dolasan bir
arag¢ otoparkta bir ist kata 10 saniyede ¢ikar, ilgili kata geldiginde de 1siklar yardimiyla bog yer yoksa diger kata
¢ikip yer aramaya devam eder. Bos yerin olup olmadigini anlamasinda ortalama 10 sn siirer. Katilimcilardan bu
bilgileri dikkate alan gerekli olacak kodlamay1 yazmalar1 istenmistir. Senaryo verildikten sonra ii¢ grup halinde
kodlamalar yapilmustir.

Grup 1 elamanlar1 Ilgaz ve Eren dncelikle bir dikdortgensel sekil etrafinda donen robot algoritmasi yazmustir
(Sekil 4a). Bu algoritmay1 simiilasyona yiiklemis ancak simiilasyondaki gozlemleyemedikleri i¢in algoritmay1
yeniden yazma karar1 alip Sekil 4b’deki ikinci algoritmay1 yazmiglardir. Bu algoritmaya bakildiginda daha net,
sistematik yazilmis bir kod yazildig1 goriilmektedir. Ardindan simiilasyonda gézlem yapmak istemis ve yine
simiilasyonda rahat gbzlem yapamadiklari i¢in diiz gitme siirelerini diigiirme karar1 almiglardir. Ardindan Sekil
4c’deki son algoritmay1 yazip robotun ilerleyecegi yolu kenar uzunluklari orani 3/1 olan bir dikdortgen gibi
yorumlamig olduklar1 “kal/bekle” komutu siirelerini 2400/800 belirlemelerinden anlagilmaktadir. Kodu yazma
stirecinde Grup 1; problem durumunu analiz edip degerlendirmis ve bir dikdortgensel bolge etrafinda dolasma
kodu yazmalar1 gerektigine karar vermis (AY3), informal matematiksel argiimanlar olusturup degerlendirmis
oldugunu asagidaki diyaloglardan (AY2) gozlemlenmektedir. Yazdiklari kodu “bagla” komutu ile basa
baglamak, iki siitun boyunca yazilan blok kodlar1 robota siirekli yaptirma komutu gibi diisiiniilebilir. Katilimeilar
burada “bagla” komutu kullanarak gerek dikdortgenin karsilikli kenar uzunluklarmin esit olmasi bilgisini
gerekse de katlar aras1 yol uzunluklar1 arasindaki 6riintiiyii dikkate alarak kod yazdiklarini gosterir. Bu durum da
problem durumuna ait genellemeleri olusturmus ve degerlendirebilmis (AY'1), katlar aras1 geciste dikdortgensel
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bolge etrafinda hareket eden robotun aldig1 yolun oriintiisiinii yani matematiksel iligkiyi fark etmis tiimevarimsal
akil ylirtitmeyi (AY4) kullanmustir.
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Grup 1'in Yazdh Ilk Algoritma Grup 1’in Yazdig [kinci Algoritma Grup 1’in Yazdig1 Son Alporitma
4a 4b 4e

Sekil 4. Grup 1'in Siirecte Yazdiklar1 Algoritmalar
Kodu yazarken Ilgaz ve Eren’in kendi aralarinda;

E: Kenar uzunluklarinin oranmini nasil kabul etmeli?

I: Uzun kenart 3, kisa kenart 1’in kati alalim.

E: “Kal/bekle” siiresi?

1: 1500/500’e ne dersin?

E: 500 ms’yi gézlemleyemiyoruz simiilasyonda.

I: 2400/800 ?

E: Mantikly goriiniiyor. Yine de simiilasyonda da izlemeli.

I: Dogru.

E: saga din 90 ve kal/bekle 270 yle 90 derecelik doniis yapryorduk. Unutmayalim.

Ilgaz ile Eren’in yukarida yansitilan diyaloglarindan birbirlerinin diisiincelerini anlamlandirma ve arkasindaki
mant1g1 saglamaya caligmaya (AYS) calistiklari, anlagsmazlik durumu olusturmasa da soru sormakla tartismay1
devam ettirdikleri (AY®6), verilerin dogrulugunu simiilasyonda gézlemlemek istemeleri de sonuclarini dogrulama
destekleme (AY?7) ihtiyaci duyduklar: gézlenmistir.

Ilgaz’m ¢aligma kagidindan bir bolim Sekil S'te goriilmekte olup dogrusal denklem olusturma siirecinde
boylelikle gerek tablodan ve oOriintiiden faydalanarak gerekse de informal matematiksel argiimanlarla
genellemeye ulastigl goriilmektedir.

£

Sekil 5. Ilgaz’mn Yanatlar1

Bu kisimdan sonra oturumun devaminda robotun ilk 5 kati ¢ikmasi siirecinin say1 Oriintiisiinii ifade etme,
tablosunu olusturma; bu siiregte yolda kaybedilen siireyle ilgili genellemeye varma; 71. saniyede nerede
olduklarini bireysel olarak cevaplamalar: istenmistir. Ardindan gostergelerin katilimcilarda daha derinlemesine
incelenmesi ve anlagilabilmesi i¢in otopark yonlendirme sistemi olmasa bu otoparkta olusacak duruma yonelik
bir varsayim olusturup bu durumun denkleminin nasil olacaginin ac¢iklanmasiyla gdstergelerin varhigi analiz
edilmistir. Bu noktada Eren’in c¢aligma kagidi incelendiginde otoparkta yesil 1sikla bilgilendirme sistemi
olmasaydi robotun katlar arasi dolagim siiresi ve bu durumun dogrusal denklemi nasil degisir yeniden
degerlendiriniz sorusuna; “Yer bakmast 151k bakmaktan daha uzun olacagi icin 20-10+15=25 saniye (20 sistemli
dolasma siiresi, 10 w5tk bakma siiresi, 15 yer bakma siiresi olarak diistindiim.) siirede 10 kati 250 saniyede; yani
daha fazla zaman harcayacaktir. y = 25x olur"demistir. Eren’in aciklamalar1 olduk¢a somutlastirilmis,
kendince yeni durumu formiile etmesi dikkat ¢ekmistir. Akil yiiriitme becerileri yoniinden bakildiginda ulastig:
genellemeleri formiile edebildigi bu yeni durumu dogrular ve destekler agiklamalar1 yapabildigi (AY1), aym
soru karsisinda Su ise “ Eger isik sistemi olmasayd o katta daha da zaman harcariz. Ciinkii 151k 10 saniyede biz
beklerken wsikla anlyoruz. Eger isitk olmasaydi biz kendimiz o katta dolasacak ve daha ¢ok siire kaybedecektik.
Simdi bir araba yesille gosterilmis kisimlart yine 10 saniye olacakti ancak 1s1k sistemi olmadigi icin o katta 10
saniye beklemeyecek o katta kendi dolasacak. Bu dolagma 30 saniye olursa her katta 40 saniye
kaybeder. "demistir. Mert ise “Eger otoparkta isik sistemi yoksa nasil bos yerde kirmizi 151k yanip yanmadigina
goziimiizii gezdiriyorsak 11k sistemi olmadiginda da yine goz gezdirecegiz ama bu sefer isik sistemindeki gibi
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yerin bos mu dolu mu olup olmadigini bilemeyecegiz. Bu bizim agimizdan daha uzun bir zaman gecirecegimiz
anlamina gelir. Yani bu da demek oluyor ki siiremiz 20 ila 25 saniye arasinda degisir. Ve ben bu siireye 25
saniye demek istiyorum.” demistir. Tim bu katilimcilarin ifadeleri gozden gecirildiginde akil yiiriitme becerileri
diistiniildiigiinde informal matematiksel argiiman olusturup degerlendirme yapabildigi (AY 2) goriilmektedir.

Oturum sonunda katilimcilarin robotik kodlama siirecinde giinlilk yasam durumunu degerlendirme, problem
durumu i¢in yazilacak kod diislinme, yazilacak kodu diisliniirken problem durumunun icindeki oriintiiyii
kesfedip genellemeye varma siireglerinin gézlemlendigi ancak asama kaydedilmesi gerektigi gorilmiistiir.
Kodlamanin fiziksel hali olan robotlar, katilimcilarimizin problem durumunun zihinlerinde somutlagsmasinda
katki sunmus, denklemin ne anlama geldigi konusunda, yazilan denklemlerin giinliik yasama aktarilmasinda yeni
bir pencere olmasi agisindan da katilimcilarin dikkatini gekti, matematiksel argliman iiretmeye yardimci oldu
denebilir.

3.2.2. 1I. Ogretim Deneyi Oturumunun Bulgular

Ikinci oturumda ise bir bebegin duvara olan uzakhigi 40 cm, somineye olan uzakhigi 100 cm’dir. Emeklemeye
yeni baslamis olan Erdem dakikada 10 cm yol alabiliyor ve somine yanikken sensoér devreye girip Erdem
bebegin somineye ulagmasina 20 cm kala 6tmekte ve ebeveynlerin duruma miidahale etme sansi olmaktadir. Bu
durumu saglayacak algoritmay1 yazmalar1 gruplardan beklenmistir.

Sekil 6. II. Ogretim deneyi igin olusturulan senaryonun gorseli

Grup 3 elemanlar1 Asya ve Emre’in algoritmasina Sekil 7’de bakildiginda sominenin yanip yanmamasina
dikkat ettikleri ancak bebegin somineye ulasmasmma 20 cm kala sensoriin devreye girebilmesi i¢in mesafe
sensoriine dikkat edilmemistir. Dolayisiyla problemi analiz ederken degiskenler eksik analiz edilmis hatta ikinci
dallanmada mesafe sensorli yerine hareket sensorii segilerek yanlis sensodr kullanilmistir. Kodun bu kismini
yazma siirecinde grup; matematiksel argiimanlar olusturmus, bu argiirmanlar dogrultusunda degerlendirme
yapmis (AY2), problem durumunu analiz etmis ve degerlendirme yapmistir (AY3). Yazdiklar1 kodu “bagla”
komutu ile basa baglamis olmalar1 sensoriin bu gorevi siirekli yerine getirmesi gerektiginin farkinda olduklarinin
yani Oriintliyii gorebildiklerini gosterir. Bu durum da genellemeleri degerlendirebilmis (AY1), matematiksel
iliskiyi farketmis tiimevarimsal akil yiirlitmeyi (AY4) kullanmigtir. Benzer bulgular Grup 1 ve Grup 2’nin
algoritmalarinda da goriilmistiir.

Sekil 7. Grup 3'iin Yazdig1 Algoritma

Bu kisimdan sonra oturumun devaminda dakikada 10 cm emekleyebilen Erdem bebegin somineye
emekleyerek dogrusal yaklagmasiyla aldigi yolun ilk 5 dakikasindaki tablosu ve denklemi, ayni durumun Erdem
bebegin arkasindaki duvardan uzaklasmasina ait tablo ve denklemini bireysel olarak cevaplamalar1 istenmistir.
Ardindan katilimcilarda gostergelerin daha derinlemesine incelenmesi ve anlasilabilmesi i¢in oturumda Erdem
bebek ilk olarak dakikada 10 cm hizla emeklemesini dakikada 15 cm hiza ¢ikarilmistir. Emekleme hizindaki bu
degisim dogrusal denklemi, somine oniindeki sensoriin yerinin nasil degisecegi konusunda sorular sorulmustur.
Ogrencilerden Su’nun ¢oziimii Sekil 8°de verilmistir.
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Sekil 8. Su’nun Cevabi

Sekil 8’de de gortildiigli gibi Su, bebegin emekleme hizinin artisiyla birlikte dakikada alacagi yolu ifade
ederken tablo ve informal matematiksel agiklamalardan faydalanarak problemi ¢6zmis (AY3), timevarimsal
matematiksel bir iliski kesfetmis (AY4) ve bunu dogrusal denkleme doniistiirmiistiir. Benzer sekilde asagida
yansitilan grup i¢i tartigmada da katilimcilarin kendilerini ifade etmede sayisal verileri kullanma, matematiksel
iliskiyi kullanma (AY4) egiliminde olduklar1 goriilmektedir.

Arastirmaci: Erdem bebegin emekleme hizimin degismesinde degisecek durumlart degerlendirirken
dilerseniz énce algoritma degisir mi, degisirse nasil, ardindan denklemin nasil degisecegini tartisalim.

Su: Once ilk durumu konusmalyiz. Baktigimizda ilk durumda sensér séminenin 20 cm éniinde Erdem ise
dakikada 10 cm yol alyyor. Bunun arasinda mantikly bir iliski var.

llgaz : Ve ayni zamanda sensore 20 cm yaklagtiginda da sensor otiiyor. Burada da..

Asya: Bakildiginda bebek ile somine arasinda 40 cm varken ilk uyart sensérden geliyor. Yani 4 dakikast
olur ebeveynlerin bu durumda. (AY2)

Eren: Yeni durumda 2 dakika 40 saniyesi olacak ebeveynlerin (AY3)

Emre: Yeterli bir siire.

Mert: Sorudaki durumu diizenlersek bence sensoriin yeni yeri somineye 30 cm uzaklikta olmall.

Asya: Hatta yeni yazilan kodda da Erdem sensére 30 cm kala uyarmalt. (AY4)

Su: Baslangicta 4 dakika zaman kazaniyordu ebeveynler, dolayisiyla yeniden bu zamani kazanacak sekilde
sensor ve denklem degismeli.

Emre: Bence 4 dakika ¢ok uzun ben kiiciik bir ses duysam bebegin yalniz oldugu odadan oraya kosarak
giderim. Ben sensortin yerini de algoritmayt da degistirmeyecegim. (AY6)

Buraya kadar ki konugsmalardan tartismanm informal matematiksel argiiman olusturma, degerlendirme ve
destekleme (AY?2) gelisimine ve ilgili genellemeye varma siirecinde problemi analiz edip degerlendirme (AY3),
yine kendi aralarinda konugmalar esnasinda sorunun ig¢inde ebeveyne taninan siireyi yeni durumda da
koruyabilecegi matematiksel iligskiyi (AY4) kurmaya yonelik gelisim gézlenmistir. Ayrica Emre son sdyledigi ile
olas1 tartigmay1 arttrmaya (AY6) yonlendirmis ve su sekilde devam etmistir.

Arastirmact: Sizce mantikli olan neyse soruyu ona gore yanitlayabilirsiniz, kagitlarmmiza bunu yansitmaniz
yeterli.

Eren: Aslinda Emre 'nin soyledigi mantikli, sonugta 2 dakika 40 saniye de ¢ok yeterli bir siire.

llgaz : Bence sorunun baslangicta kurulus mantigina gore yazmaliyiz. (AY6)

Arastirmaci: Dedigim gibi sizin icin nasil mantikitysa ona gore yanit vermeniz ve sebebini ac¢iklamaniz
yeterli. Bu arada Erdem’in daha hizli emeklemesi sadece sensérii mii etkiler?

...Sessizlik...

Mert: Benim kafam karisti.

Asya : Benim de

Su : Neden? (AY6)

Mert: Sensdoriin yerinin degismesi etkiler mi denklemi?...(Sessizlik)

Arastirmaci: Denklemin degiskenleri ve algoritmanmin degiskenleri nelerdir? diye sorsam.

Emre : Algoritmaninkiler sicaklik ve mesafe...

Aragtirmact: Hem fikir miyiz?

Asya : Biz bunu Emre’yle kodu yazarken tartistik, simdi somine yaniyorken bebek sensore dogru hareket
ederse ve hatta 20 cm kala itibaren sensoriin siren ¢almasini istiyoruz. Dolayisiyla iki sensor tanimladik
sicaklik ve mesafe.

llgaz : Biz eksik yapmigiz. (AY5)

Eren : Biz de.

Arastirmact: Peki, Emre ve Asya 'nin degiskenlerini dogru buldunuz mu?

E,I,S,M : Evet.

Arastirmact: Peki denklemin degiskenleri nelerdir?

Su : Erdem bebegin emekleme hizina bagl olarak aldigi yolun denklemini yaziyoruz. Dolayisiyla Erdem in
emekleme hizi ve yol.

Mert : Dogru.
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Eren : Ben yine de anlayamadim.
Aragtirmact: Tabloyu yazmakla baslasaniz?

Bu kisimda ise yapilacak tartismada baskalarinin diislincelerini anlamlandurma ve arkasindaki mantigi
anlama (AYY); tartismalar esnasinda olas1 yanlis anlama ya da anlasmazlikta sorular sorup tartismayi arttirma
(AYB) kriterlerinde gelisim gozlenmektedir. Bu tartigma siirecinin ardindan bebegin emekleme hizinin
degismesiyle sensoriin nereye konulmasi, nasil bir algoritma ve dogrusal denklem yasilmasi gerektigi
sorulmusgtur. Yanitlar incelendiginde dikkati ¢eken bir durum ise katilimcilarin birbirlerinden ¢ok farkli ancak
ayni anlama gelecek sekilde ifade etmeleridir. Bu durum Tablo 5’te gosterilmektedir.

Tablo 5. Katilimcilarin yanitlart

Katihmel Emekleme Hizinin Degismesiyle Sensor Uzerine Verilen Yamtlar

llgaz Erdem bebegin emekleme hizinin artmasiyla sensor algilama mesafesini arttirma yani algoritmayi
degistirme ancak sensoriin yeri ayn1 kalmasi

Eren Erdem bebegin emekleme hizinin artmasiyla sensor yerinin degistirmede somineden uzaklasma degil
duvara yaklagma ifadesi kullanmas1

Su Erdem bebegin emekleme hizinin artmasiyla sensorii bebege yaklastirmak ifadesi kullanmasi

Mert Erdem bebegin emekleme hizinin artmasiyla sensériin yerini somineden 30 cm uzaklastirma gibi bir
aciklama

Asya Erdem bebegin emekleme hizinin artmasiyla sensorii sémineden uzaklastirma makul bir agiklama

Emre “Bence 4 dakika ¢ok uzun ben kiiciik bir ses duysam bebegin yalniz oldugu odaya kosarak giderim.

Ben sensoriin yerini de algoritmayi da degistirmeyecegim.” diyerek a¢iklama yapmasi

Bu oturumun genel bir degerlendirmesini yapmak gerekirse gruplarin hala yeterli algoritma yazamadiklar1
ancak dogrusal denklem yazimi ve diger temsil bigimleri ile ifade etme gelisimin genel olarak gozlendigi
sOylenebilir. Akil yiriitme becerilerinden AY5 ve AY6’nin gozlenebilmesi agisindan yukarida yansitilan
tartigma ylritiilmiis bu tartismada her bir katilimcmin akran baski hissetmeden kendini anladiklari ya da
anlamadiklar1 yerler tizerinden ifade edebilmis, birbirlerinin anlamlandirmalarma katki sunmusglardir. En ilging
olani ise her birinin bu tartigmadan dnce, algoritmanin ve denklemin birbirinden farkli degiskenlerinin bebegin
emekleme hizina gore nasil degisecegi ile ilgili tam bir fikirlerinin olmamasidir. Yine dikkat ¢ekici bir durum ise
katilimcilarin tiim tartigma siireci bitip ardindan kagitlarinda sorular1 yanitlarken sorular1 yanitlamaya
gectiklerinde Tablo 5’te goriildiigii lizere kendi ciimleleriyle informal matematiksel agiklamalarla birbirinden
farkli ifadelerle dogruya ulasmislardir. Bu sebeple katilimcilarda AY7 gelisimi gozlenmektedir. Bir de algoritma
yazma, yazdiklar1 algoritmay1 robot iizerinde denemenin ve sessizlik anlarinda akil yiiriitmelerinin etkisiyle
tartisma sonunda verilen yanitlarin kimi kii¢iik hatalar diginda kabul edilebilir ve birbirinden farkli yorumlari
barindirdig1 sdylenebilir.

3.2.3. III. Ogretim Deneyi Bulgular

Bu oturumda ilk iki oturumdan deneyimle akil yiiriitme kriterlerinin gelisiminin arttirilmasi, algoritma
yaziminda eksik kalan gruplarin kendini biraz daha gelistirmesi ve birbirlerinden 6grenirken birbirlerini
baskilamamalar1 sorgulamayi siirdiirmeleri nedeniyle alt1 kiginin tartigarak bir algoritma yazmasi istenmistir. 10
saniyelik algoritmay1 {i¢ robota da yiikleyip bir koreografi olusturmalar1 beklenmistir. Bulgular incelenirken ilk
once gruplarm algoritmalar1 ve bu algoritmalar1 yazarken gbzlenen cebirsel akil yiiriitme kriterleri incelenmis,
ardindan sorulara bireysel olarak verdikleri yanitlar kriterler catisinda her bir katilimei i¢in ayr1 yorumlanmistir.
Tiim katilimcilar bu zamana kadar 6grendikleri kod yazma becerileriyle tek bir algoritma {izerine tartigmistir. Bu
stirecte “baskalarinin diisiincelerini anlamlandirma ve arkasindaki mantig1 kavrama (AYS), fikir aligverisi
esnasinda olas1 yanlis anlama/anlagmazlik durumunda soru sorup tartigmayi derinlestirme (AY6) gostergelerinin
bir kez daha gézleme imkani da olmustur. Bu durum asagida verilen konusmalarda da goriilmektedir.

Arastirmact: Dilediginiz gibi bir algoritma yazabilirsiniz, kendi etrafinda donen, diiz devam eden, 1 sn
bekleyip 3 sn ilerleyen. Su ana kadar dgrenilen tiim sensérleri de devreye sokabilirsiniz, nasil isterseniz.

Su : Robotlar kare donerse es zamanli giizel bir koreografi olur.

Eren : Daha farkli da olabilir.

llgaz - Besgen, altigen denenebilir de ¢ok zor olur.

Su : 108° lik dénme acisi ile olur ashnda.

Aragstirmaci : Neden zor olur?

llgaz : Denklemini yazmasi zor bence. (AY6)

Mert . Kare olsun. Bir de kenarlarima kalem baglayalim, ¢izimle de gdstersin karesel sekil etrafinda
gittigini. (AY6)

Emre : Kalem giizel olabilir ama zeminin durumu robotlarin siirtiinmesini arttirir. Pil omrii nedeniyle bile

simiilasyonda gosterdigi hassashkta gidemedigini goriiyoruz uygulamalarimizda, isimizi zorlastirir.
(AYD)
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...(Grup diisiiniir ikna olduktan sonra)...

Asya : Kare yapmaya karar verdiysek algoritmamizi yazalim. (AY5)

llgaz : Aslinda i¢ ice cemberler olusturacak sekilde bir algoritma yazsak mi, ¢ok giizel goriintir.
Asya : Evet.

Emre : Ama onun denklemini yazmak ¢ok zor.

llgaz : Cok dogru. Kare iyidir.

Katilimeilarin kendi aralarda yiiriittiikleri tartismada Mert ve Emre robotun aldig1 yolun disaridan daha iyi
algilanmast kalem kullanilmasi durmunu konusmuslar ve bu durumun siirtiinmeden dolay1 zor olabilecegi
fikrinde anlagmiglardir. Burada 6grencilerin diger derslerden 6grendikleri bilgileri de birlestirerek bu durumun
olamayacagi mantigini acgiklayarak arkadaslarmi ikna etmistir. Ayrica burada karenin bir i¢ a¢1 dlgiisiinden
faydalanarak algoritma yazan katihimeilarin diizgiin besgensel bolge etrafinda hareket edecek robot igin 108°nin
ifade edilmesinin kodlama yaparken temel geometri bilgilerini ise kosmalarmm gerekliligini de ortaya
koymustur. Bununla birlikte basit bir algoritma yazma konusunda anlastiklar1 gézlemlendi. Nedeni soruldugunda
“basit bir algoritmayr uygulayan robotlart gézlemesi, uygulamast dolayisiyla denkleminin ve grafiginin
yazimmnin da daha kolay olacagi konusunda hem fikir olmalari” oldugunu belirttiler. Yapilan tartigmalarda
bahsedilen kodlar basit degildir ancak denklem yazmaktan g¢ekinip kod yazmaktan ¢ekinmemeleri de iizerine
diisiiniilmesi gereken bir noktadir.

kal/bekle 500 ms

A S

& hma

Bir Arada Yazilan Tlk Algoritma Bir Arada Yazilan Tkinci Algoritma Bir Arada Yazilan Ugtinct Algoritma Bir Arada Yazilan Son Algoritma

Sekil 7. III. Oturum i¢in yazilan algoritma

Sekil 7°den de goriildiigii izere olugturduklari ilk algoritmada 500 ms boyunca diiz giden ardindan 90° dénen
ardindan bunu yeniden tekrarlayan dolayisiyla karesel bir sekil etrafinda donen bir robot algoritmas: yazdiklari
goriilmektedir. Ikinci algoritmada robotun biraz duraksamasimi istediklerini belirtmisler, ancak yazdiklar1 kodun
anlami 500 ms boyunca diiz giden ardindan 90° derece doniip duran robot oldugunu simiilasyonda gériince
yazdiklar1 kodun istedikleri gibi olmadigmi fark etmislerdir. Ugiincii algoritmadaki revize de eksik bir revize
olmustur. Simiilasyonda yine istediklerine ulasamadiklarmi gdriince son revize gerceklesmistir. Son algoritma
aslinda ilk yazdiklarma ¢ok benzer durumdadir. Tek farki kendi sdylemleriyle gézlemesi daha kolay olacak
bicimde 2500 ms boyunca diiz giden robot ardindan 90° derece donecektir. 2500 ms segilmesinde ise 10
saniyelik hareketi tamamlamanin baz alindig1 diyaloglarinda g6zlenmistir.

Sonug olarak 6gretim deneylerinde robota algoritma ylikleme, yiiklenen kodlarin gozlenmesi, gézlenen
durumlarin tabloya, say1 Oriintiisiine, sozel genellemeye ve denkleme doniistiirilmesinin beklenmis ve
katilimcilarin bu durumlar1 yansittiklart goriilmiistiir ki bunun ¢oklu temsilleri kullanma ve birbirine
doniistiirmeye katki sundugu agiktir.

3.3. Son Test Sorularimin Bulgular

Son testte bir igveren mutfaginda calistiracak mutfak personeli i¢in iki ag¢iyr deneme siirecine almis, bu iki
ascinin giinliik ¢aliyma performanslarinin hazirlik siiresine bagli tabak sayisi grafige verilmistir. Ardindan
katilimcilardan bu grafige yonelik tablo ve sirali ikili yazma, s6zel genelleme kurma, hazirlama siiresine bagl
hazirlanacak tabagin denklemini yazma, hangi as¢inin daha hizli olduguna karar verme ve hangi asgiy1 ise almak
gerektigine dair karar vermesi istenmistir. Son testte verilen yanitlar dogrultusunda temalar halinde
incelenmistir. Son test analizleri Tablo 6’da verilmistir.
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Tablo 6. Ogrencilerin sontest sonucundaki durumlari

Tema Alt Tema Eren llgaz Mert Su Asya Emre
Genellemeleri Formiile Dogrusal Denklem Dogru Dogru Dogru Dogru Dogru Dogru
Etme Destekleme/ Yazma
Degerlendirme
AY1 Genellemeleri Dogru Dogru Dogru Dogru Dogru Dogru
Destekleme/
Degerlendirme
Matematiksel Argiiman Formal Agiklama Yok Yok Yok Yok Yok Kismen
Olusturma Dogru
AY2 .
Informal Agiklama Dogru Dogru Dogru Dogru Dogru Dogru
Problem Durumunu Problemi Anlama Dogru Dogru Dogru Dogru Kismen Dogru
Analiz Etme Dogru
AY3
Problemi Cozebilme Dogru Dogru Dogru Dogru Dogru Dogru
Matematiksel Iliski Tiimevarimsal Tliski Dogru Dogru Kismen Dogru Kismen Dogru
Kurmak Dogru Dogru
AY4 .
Tiimdengelimsel Iliski Dogru Dogru Dogru Dogru Dogru Dogru
Cesitli Sonuglardaki Sonuglari Dogrulama AY7 Yok Dogru Yok Dogru Kismen Dogru
Dogru

Bu tabloya gore dogrusal denklem yazabildikleri ve genellemeleri desteklemeyi say1 oriintiisiiyle ve sozel
genellemelerle gergeklestirebildikleri goriilmiistiir. Matematiksel argiiman olusturma temasina bakildiginda yine
yanitlar informal argiimanlarla desteklenmis ve bu bolimde de yanitlayan katilimci sayisina da on teste gore
daha dogru argiiman kurduklar1 gozlenmistir. Informal aciklamada gelisimin olmasinda robotik kodlama
stirecinin ve Dbirbirleriyle olusturduklar1 tartigma siireclerinin etkisi olmus olabilir. Ancak matematiksel
durumlara dair argiiman gelistirebilmenin gelisiminin matematiksel anlamaya da cebirsel akil yiiriitmeye de
katki sundugu ulasilan noktada agiktir. Problem durumunu analiz etme temasinda problemi anlama ve ¢ozme
durumlar1 6n teste gore bir adim daha iyi durumdirlar denilebilir. On testte problem durumunu analiz etmede
sorun yasayan katilimcilarin son testte rahatlikla problem durumunu analiz edebildigi, problem durumunu
aciklamada temsil bi¢imi kullandiklar1 gézlenmistir. Bunda birbirinden farkli problem durumlariyla karsilagma
ve bu problemlere kod yazarken birlikte, ardindan kendi kendilerine yanit iiretmeye ¢aligmalarinin katkist oldugu
disiiniilmektedir. Matematiksel iliski kurmada yine informal yonelim olduk¢a fazla olup dogru yanitta artig
goriinmektedir. Matematiksel iligki kurmada tiimevarimsal ve tiimdengelimsel iliski bigimlerinin kullaniminin
arttig1 goriilmektedir. Ancak ¢esitli konulardaki sonuglart dogrulama on testteki gibi oldukga sinirli kalmaig, bir
gelisim gozlenmemistir.

4. Sonug, Tartisma ve Oneriler

Bu ¢aligmada cebir alt 6grenme alaninda yer alan dogrusal denklemler konusunda cebirsel akil yiiriitmenin
gelisgim siirecinin incelenmesi amaglanmigtir. Katilimecilarmm gelisimleri Tablo 1’de cebirsel akil yiiriitme
gostergeleri olarak verilen temalar (genellemeleri formiile etme, matematiksel argiiman olusturma, problem
durumunu analiz etme, matematiksel iliski kurma, ¢esitli konulardaki sonuclar1 dogrulama) dikkate alinarak
incelenmistir.

IIk olarak “Genellemeleri formiile etme” temasinda elde edilen sonuclar dntest, 6gretim deneyi siireci ve son
test gz Oniine almarak sunulmustur. Genellemeleri formiile ederken 6n testte 6grencilerden bir dogru bir sekilde
denklem kurabilirken diger 6grencilerin y = ax veya y = ax + b formatinda dogrusal denklemi kurmakta
zorlandiklar1 goriilmiistiir. Ogretim deneyleri boyunca grup elemanlari beraber algoritmay1 olusturma gabasinda
bulunduklar: siiregte bazi gruplarin dikdortgenin karsilikli kenar uzunluklar1 ve katlar arasi yol uzunluklari
arasindaki oriintilyti fark edip genellemeleri olusturdugu gorillmiistir. Ayrica diger Ogretim deneyinde de bazi
gruplarm yol ve zaman arasindaki iliskiyi denklem ile belirtebildigi saptanmustir. Ogretim deneyi siirecinde
ogrencilerin senayolar kapsaminda gozlenen durumlari tabloya, say1 oriintiiriine, sdzel genellemeye ve denkleme
doniistiirdiikleri gdzlenmistir. Bu noktada caliymada O6gretim deneyi sonunda uygulanan son testte tim
katihmeilarm tiim genellemeleri dogru formiile edebildikleri, degiskenler arasindaki iligkiyi kurabildikleri ve
denkleme doniistiirdiikleri sonucuna varilmistir. Ancak 6grencilerin dikddrtgenin kenar uzunluklar1 ve katlar
arast yolu cebirsel ifadeye yansitabildikleri sonucu Atasoy ve Bulut (2018) ile Dindyal’m (2004) yaptiklari
caligmalarda Ogrencilerin geometrik sekillerin  6zelliklerindeki degisim ile cebirsel ifadedeki degisimi
yorumlamada zorlandiklar1 sonucu ile oOrtismemektedir. Kodlama siirecinde kodladiklari algoritmalari,
simiilasyonda izlemeleri ile bu durumu denemis olmalarinin faydasi olmus olabilir. Sonug olarak bu aragtrma
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kapsaminda katilimcilarin  genellemeleri formiile edebilmeleri kodlama siirecinde cebirsel ifadeleri
kullanmalarma yardimci olmustur denilebilir. Bir yandan da gelecekteki ¢aligmalarda, katilimcilarin cebirsel akil
yiirlitmelerinin yani sira, kodlamayla birlikte cebirsel diisiinme diizeylerinde ki gelisim incelenebilir. Bir de
yapilan ¢alismada genellemeleri formiile etme ve bu temsillerin ne anlama geldigini anlamlandirma siirecinde
gelisimden yola ¢ikarak kodlama egitimleri iilkemizde ve diinyada anasinifi diizeyinde baglamaktadir.
Dolayisiyla egitsel robotik uygulamalari diger sinif diizeylerinde bulunan cebir 6grenme alanlarinda da
yapilabilir.

“Matematiksel argiiman olusturma” temasinda &grenciler On testte sorulara cevap verirken argiimanlari
informal olarak kismen de olsa yansitabilmislerdir. Ogretim deneyleri boyunca katilimeilarm say1 oriintiisii, tablo
yazma, denklem olusturma ve grup ici ve tiim katilimcilarla tartigmalar yiriiterek matematiksel argliman
olusturmaya ¢alistiklar1 gozlenmistir. Arglimantasyon yoluyla grup i¢i tartigmalarin farkli diislinme ve sorgulama
yollarmi ortaya koymasi sebebiyle matematiksel fikirler analiz edilebilir ve geometrik kavram bilgi ve
anlayiginda gelisim gosterdigi goriilmiistiir (Uygun ve Akyiiz, 2019). Benzer sekilde g¢alismamizda da
katilimcilarin grup i¢i ve toplu tartigma ortaminda matematiksel dili kullanarak argiimanlar (Yackel ve Cobb,
1994) iiretmis, boylelikle dogrusal denklemler konusuna yonelik bilgilerinde artis goriilmiistiir. Ogretim
deneyleri sonunda uygulanan son testte tiim katilimcilarin dogru informal agiklamalar yaparak matematiksel
argliman olusturdugu gorillmiistiir. Bu baglamda calisma kapsamindaki Ogrenciler egitsel robotik
uygulamalarinda kodlama yaparken matematiksel argiiman olusturabilmektedir sonucu sdylenebilir.

“Problem durumunu analiz etme” temasinda katilimcilar problem durumunda verilen yararli bilgilerden
faydalandiklar1 ve ¢oklu temsil bi¢cimlerini birbirine doniistiirdiikleri goriilmiistiir. Silik’in (2016) de belirttigi
gibi robotik uygulamalarda oOgrencilerin yaparak yasayarak Ogrenme, problem ¢6zme, problemlere pratik
¢Oziimler bulma, elestirel diisiinme, kendi yeteneklerinin farkina varma, kullanma diizeylerinde artma ve
teknoloji kullanmaya daha istekli olma gibi bir¢ok beceriyi kazandiklari goriilmiistiir. Calismamizin bu
sonucunun Silik’in ifade ettigi durumlarla ortiistiigii soylenebilir.

“Matematiksel iligki kurma” temasinda katilimcilar 6n testte matematiksel iligkileri kurmay1 kismen de olsa
yansitabilmislerdir. Ozellikle katilimcilardan bazirlarinm eksen iizerindeki noktalarm esit aralikli olmalarmi
dikkate almadiklar1 saptanmistir. Bu durum Giirbiiz ve Sahin’in (2015) 8. smif dgrencilerinin ¢oklu temsiller
arasindaki gegisleri inceledikleri ¢aligmada, 6grencilerin birimler arasindaki uzakliklara dikkat etmedigi ve
sayilar1 yerlestirdikleri sonucuyla oOrtiismektedir. Ogretim deneyleri boyunca ozellikle son Ogretim deneyi
oturumunda katilimecilar geometri bilgileriyle kod yazma durumlarm iliskilendirerek bir karar verme
gerceklestirmigler ve matematiksel iligkileri rahatlikla kurabilmislerdir. Katilimeilarin dikdortgensel sekil
etrafinda donmek igin 90° déniilmesi ve robotun dikdértgenin kenar uzunluklar1 oraninda etrafinda yol alacagini
bilerek kod yazmalar1 gerektigini fark etmislerdir. Son testte de ¢ogu &grencinin problem durumlarini giinliik
yasamla iliskilendirdigi, grafik temsilden yola g¢ikarak tablo degerlerini olusturabildikleri, grafik temsilden
cebirsel ifadeye gegisin dgrencilerin yarisi tarafindan gerceklestirildigi belirlenmistir. Bu bulgu, 6grencilerin
grafik temsilden yola cikarak denklem olusturmakta zorlandiklarmi belirten (Knuth, 2000; Tekay ve Dogan,
2015) ¢aligmalarla 6rtiismemektedir. Ayrica katilimeilar siiregte yaptiklari algoritma denemelerini simiilasyon ile
gercek yasam arasinda iligkilendirme yaptiklar1 saptanmistir. Sonug olarak egitsel robotik uygulamalarinin
giinlilk yasam ve konular aras: iliskilendirme siirecine olumlu katkisi oldugu sdylenebilir. Buradan yola ¢ikarak
gelecek galismalarda egitsel robotik uygulamalari 6gretim programlarinda yer alan farkli konular ve 6grenme
alanlarinda yapilarak 6grenme c¢iktilar1 arastirilabilir. Ornegin robotun belirli agiyla donmesi iizerine
konusulurken a¢1 degerlerinin  konusulmasi, geometri alaninda ¢okgenler konusunda ¢alismalarin
yapilabileceginin dnemli bir gostergesidir. Bunun disinda ¢alismamizda cebir konu alaninda bulunan dogrusal
denklemler konusuyla geometri bilgilerinin iligkilendirildigi goriilmiistiir. Egitsel robotik uygulamalarinin
konular arasi iligkilendirmeye katkis1 da incelenebilir.

Cebirsel akil yiiriitme gostergelerinden AYS “Baskalarinin diisiincelerini/fikirlerini/ yaklagimlarini
anlamlandirma ve bunlarin arkasindaki mantigi saglama” ve AY6 “Yanlis anlama ya da anlasmazlik
durumlarida sorular sorma ve tartigmayi arttirma” gostergeleri tematik analizde gerek on testte gerek son testte
ele almmamstir. Cilinkii bu gostergeler kisiler arasi iletisimle goézlenebilecek ve gelisimine dair yorum
yapilabilecek gostergelerdir. Sfard (2007), 6grenmenin iletisimde bir degisiklik oldugunu ifade etmis ve
matematiksel 6grenmeyi tanimlamak igin ortak bir ¢ergeve Onermistir. Baska bir deyisle, bir 6grencinin
matematik 6grenimi, matematik hakkinda konusmak i¢in kullandiklar1 dili gézlemleyerek degerlendirilebilir. Bu
gostergenin oturumlar siirecinde gelisimine bakildiginda, ilk oturumlarda bu etkilesim daha az iken II. oturumda
gergeklesen degisken kavrami lizerine tartisma, II1. oturumda da yazilacak ortak algoritma tizerine tartigmalarda
gelisgim gosterdigi agiktir. Katilimcilarin matematigi, 6zelinde dogrusal denklemler konusunu, anlamlandirma
siireglerinde matematiksel disiinmelerini goriinlir kilan matematiksel iletisim kurmalar1 bir siire¢ becerisi
(Kabael ve Ata-Baran, 2016) olmakla birlikte, matematiksel problem durumlarini ¢6zme ve gerekgelendirmede
¢ozlim siirecini igeren argiimanlarmi yazili ve sozlii bir bigimde ortaya koymadir (Organisation for Economic
Co-operation and Development [OECD], 2013). Katilimcilarin oturumlar siiresince bu eylemler igerisinde
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bulundugu goriilmektedir. Akran iletisimi matematiksel dil gelisimine katki sunar (Pellegini ve ark., 1997)
ancak, dil gelisimi i¢in tek basina yeterli degildir (Topping ve ark., 2004) bunun i¢in iletigimin yani sira akran
etkilesimi de Onerilmektedir (Hoff, 2006). Steffe’ye (1991) gore matematiksel bir kavram olarak Yakinsak
Gelisim Alani, yapilandirmaci bir 6grenme ortaminda etkilesim neticesinde ortaya c¢ikar. Daha yetkin veya
yetigkin birey ile olan etkilesimdeki matematiksel fikir alisverisi neticesinde, 6grenen birey mevcut matematiksel
bilgisini yeniden yapilandirir. Bu yapilandirma siireci iki diizey arasindaki farkin kapanmasini saglar (Pritchard
ve Woollard, 2010). Calismada da ii¢ katilimcinin akademik anlamda orta, ti¢iiniin iyi olmasi; kimi katilimeilarin
daha onceden farkli robotik kodlama programlar1 biliyor olmasi bu gelisime katki sundugu saptanmistir. Bunun
yaninda oturumlardaki diyaloglarin bagkalarinin fikirlerini anlamlandirma, yanlis anlagmazlik durumunda
tartigmay1 arttirma kriterlerine katki sagladigi aciktir. Bu nedenle bu 6gretim deneyi siirecinin cebirsel akil
yiriitme gelisimine katki sagladig1 soylenebilir.

“Cesitli konulardaki sonuglar1 dogrulama” temasinda katilimcilar beklenen diizeyde gelisim gostermedigi
sdylenebilir. Ogretim deneylerinde kullamilan ag¢ik uglu sorularin son kismu verilen senaryolarda bulunan
degiskenlerin degisimi ve bu degisimin sorunun cevaplarini nasil etkileyecegine yoneliktir. Gerek bu yanitlarin
bireysel yanitlanan kisimlar olmasi gerekse de gergeklestirilen dgretim deneyi oturum sayisi yetersiz kalmis
olabilir. Yine bu ¢aligmanin 7. smif dogrusal denklemler konusunun 6gretim programinda dikkat cekilen
boliimlerine odaklanilmis olmasi ve ders saati smirlamasinin 6gretim deneyi sayisini sinirlamasi da bu temada
gerekli gelisimi gorememeye neden olmus olabilir. Ileride yapilacak ¢alismalarda akil yiiriitme gostergesi olarak
bu gosterge lizerine yogunlasilabilir. Yine bu bir yandan da dogalar1 geregi gesitli bakis agilar1 gelistirebilen
istiin yetenekli 6grencilerin birden fazla disiplinlerle iligkilendirilmis zengin dgrenme ortamlarina daha ¢ok
ihtiya¢ duyduklar1 g6z oniinde bulunduruldugunda, egitsel robotik uygulamalarmmm istiin yetenekli bireylerde
etkisi incelenebilir. Bu tema acisindan yine daha zengin yorum elde edilebilecegi diistiniilmektedir.

Kaynaklar / References

Akgiindiiz, D., Aydeniz, M., Cakmakg1, G., Cavas, B., Corlu, M. S., Oner, T. ve Ozdemir, S. (2015). STEM
egitimi Tiirkiye raporu. Istanbul: Scala Basim.

Aksu, F. N. (2019). Bilisim teknolojileri ogretmenleri goziinden robotik kodlama ve robotik yarigmalar
(Yayimlanmamus yiiksek lisans tezi). Balikesir Universitesi, Fen Bilimleri Enstitiisii, Balikesir.

Alfieri, L., Higashi, R., Shoop, R., & Schunn, C. D. (2015). Case studies of a robot-based game to shape
interests and hone proportional reasoning skills. International Journal of STEM Education, 2(1), 4-16.

Alimisis, D. (2013). Educational robotics: Open questions and new challenges. Themes in Science & Technology
Education, 6(1), 63-71.

Atasoy, E. ve Bulut, D. B. (2018). Lise 4. smf 6grencilerinin geometri konularindaki cebirsel diisiinme
stireclerinin incelenmesi. Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi, 12(2),
199-227.

Barreto, F., & Benitti, V. (2012). Exploring the educational potential of robotics in schools: A systematic review.
Computers & Education, 58(3), 978-988.

Bike-Kalkan, D. (2014). Sekizinci simif dgrencilerinin kavramsal anlama ve cebirsel muhakeme yapilari
(Yaymlanmamus yiiksek lisans tezi). Anadolu Universitesi, Egitim Bilimleri Enstitiisii, Eskisehir.

Bruciati, A. P. (2004). Robotics technologies for K-8 educators: A semiotic approach for instructional design.
Journal of Systemics, Cybernetics and Informatics, 2(1), 61-65.

Caci, B., Cardaci, M., & Lund, H. H. (2003). A4ssessing educational robotics by the “Robot edutainment
questionnaire” (Technical report). The Maersk Mc-Kinney Moller Institute for Production Technology,
University of Southern Denmark.

Cobb, P. (2000). Conducting teaching experiment in collaboration with teachers. In A. E. Kelly & R. A. Lesh
(Eds.), Handbook of research design in mathematics and science education (pp. 307-333). London:
Lawrence Erlbaum Associates Publishers.

Cobb, P., Confrey, J., Disessa, A., Lehrer, R., & Schauble, L. (2003). Design experiments in educational
research. Educational Researcher, 32(1), 9-13.

Cavas, B., & Cavas-Huyugiizel, P. (2005,Subat). Teknoloji tabanli ogrenme: “Robotics club”. 7. Akadamik
Bilisim Sempozyumu’nda sunulan bildiri, Gaziantep.

Celik, D. (2007). Ogretmen adaylarinin cebirsel diisiinme becerilerinin analitik incelenmesi (Yayimlanmamis
doktora tezi). Karadeniz Teknik Universitesi, Egitim Bilimleri Enstitiisii, Trabzon.

Dinger-Kucus, B. ve Cantlirk-Giinhan, B. (2017, May1s). Egitsel robotik uygulamalarmmin 7. sinif 6grencilerin
orantisal akil yiiriitme becerilerine etkisi. 3. Tirk Bilgisayar ve Matematik Egitimi Sempozyumu’nda
sunulan bildiri, Afyon.

Dindyal, J. (2004). Algebraic thinking in geometry at high school level: Students’ use of variables and
unknowns. In I. Putt, R. Faragher & M. McLean (Eds.), Proceedings of the 27th Annual Conference of the
Mathematics Education Group of Australasia (pp.183-190). Townsville: MERGA.

524



Dogrusal Denklemlerde Yapilan Egitsel Robotik Uygulamalarimin Cebirsel Akil Yiiriitme Uzerindeki Etkileri

Driscoll, M. (1999). Fostering algebraic thinking: A guide for teachers, grades 6-10. Heinemann: Portsmouth.

Eguchi, A. (2010). What is educational robotics? Theories behind it and practical implementation. In D. Gibson
& B. Dodge (Eds.), Proceedings of Society for Information Technology & Teacher Education International
Conference 2010 (pp. 4006-4014). USA: Association for the Advancement of Computing in Education.

Erdem, E. (2011). Ilikégretim yedinci sumf éSrencilerinin matematiksel ve olasiliksal muhakeme becerilerinin
incelenmesi (Yayimlanmamus yiiksek lisans tezi). Adiyaman Universitesi, Fen Bilimleri Enstitiisii,
Adiyaman.

Freeman, A., Adams-Becker, S., Cummins, M., Davis, A., & Hall Giesinger, C. (2017). NMC horizon report:
2017 higher education edition. Texas: The New Media Consortium.

Gennari, R., Dodero, G., & Janes, A. (2012, April). Junior university workshops for children. Paper presented at
the meeting of proceedings of 3rd nternational workshop teaching robotics, teaching with robotics
mntegrating robotics in school curriculum riva del garda. Trento, Italy.

Gerecke, U., & Wagner, B. (2007). The challenges and benefits of using robots in higher education. Intelligent
Automation and Soft Computing, 13(1), 29-43.

Goldman, R., Eguchi, A., & Sklar, E. (2004). Using educational robotics to engage inner-city students with
technology. In Y., B. Kafai, W. A. Sandoval & N. Enyedy (Eds.) Proceedings of the 6th International
Conference on Learning Sciences (pp. 214-221). Santa Monica, California: Lawrence Erlbaum Associates.

Goksoy, S. ve Yilmaz, 1. (2018). Bilisim teknolojileri gretmenleri ve dgrencilerinin robotik ve kodlama dersine
iliskin goriisleri. Diizce Universitesi Sosyal Bilimler Enstitiisii Dergisi, 8(1), 178-196.

Greenes, C., & Findell, C. (1998). Groundworks: Algebra puzzles and problems (Grades 4, 5, 6 and 7). Chicago:
Creative Publications.

Giirbiiz, R. ve Sahin, S. (2015). 8. smuf dgrencilerinin ¢oklu temsiller arasindaki gegis becerileri. Kastamonu
Egitim Dergisi, 23(4), 1869-1888.

Herbert, K., & Brown, R. (1997). Patterns as tools for algebraic reasoning. Teaching Children Mathematics, 3,
340-345.

Hoff, E. (2006). How social contexts support and shape language development. Developmental Review, 26(1),
55-88.

Jimoyiannis, A., & Komis, V. (2001). Computer simulations in physics teaching and learning: A case study on
students’ understanding of trajectory motion. Computer and Education, 36, 183-204.

Johnson, J. (2003, January). Children, robotics and education. Paper presented at the meeting of proceedings of
7th international symposium on artificial life and robotics. Oita, Japan.

Kabael, T. ve Ata-Baran, A. (2016). Matematik 6gretmenlerinin matematiksel iletigim becerilerinin gelisimine
yonelik farkindaliklarinim incelenmesi. [lkégretim Online, 15(3), 868-881.

Kaf, Y. (2007). Matematikte model kullanimwmun 6. sinif 6grencilerinin cebir erisilerine etkisi (Yayimlanmamis
yiiksek lisans tezi). Hacettepe Universitesi, Egitim Bilimleri Enstitiisii, Ankara.

Kaput, J. J. (1999). Teaching and learning a new algebra. In E. Fennema & T. A. Romberg (Eds.), Mathematics
classrooms that promote understanding (pp. 133-155). Mahwah, NJ: Erlbaum.

Karsan-Erbas, S. (2014). Temel robotik uygulamalar ve bilgisayar destekli tasarim egitimindeki yeri. Egitim ve
Ogretim Arastirmalart Dergisi, 3(3), 304-312.

Kasmer, L. (2008). The role of prediction in teaching and learning of algebra (Unpublished doctoral
dissertation). Western Michigan University, Kalamazoo, the USA.

Kaya, D. ve Kesan, C. (2014). Tlkogretim seviyesindeki dgrenciler igin cebirsel diisiinme ve cebirsel muhakeme
becerisinin 6nemi. International Journal of New Trends in Arts, Sports & Science Education (IJTASE), 3(2),
38-48.

Kiran, B. (2018). Ustiin yetenekli ortaokul égrencilerinin proje tabanl temel robotik egitim siireclerindeki
yaratici, yansitict diigtinme ve problem ¢ozme becerilerine iliskin davranislarinin ve gériislerinin incelenmesi
(Yaymmlanmamus yiiksek lisans tezi). Baskent Universitesi, Egitim Bilimleri Enstitiisii, Ankara.

Kieran, C., & Chalouh, L. (1993). Prealgebra: The transition from arithmetic to algebra. In D. T. Owens (Ed.),
Research ideas for the classroom: Middle grades mathematics (pp. 179-198). New York: Macmillan.

Knuth, E. J. (2000). Understanding connections between equations and graphs. The Mathematics Teacher, 93(1),
48-53.

Kog-Senol, A. ve Biiyiik, U. (2015). Robotik destekli fen ve teknoloji laboratuvar uygulamalari: Robolab.
Turkish Studies, 10(3), 213-236.

Kiigiik, S. ve Sisman, B. (2017). Birebir robotik 6gretiminde dgreticilerin deneyimleri. Ilkogretim Online, 16(1),
312-325.

Lempp, H., & Kingsley, G. (2007). Qualitative assessments. Best Practice & Research Clinical
Rheumatology, 21(5), 857-869.

Lesh, R., & Kelly, A., (2000). Multitiered teaching experiments. In A. Kelly & R. Lesh (Eds.), Research Design
in Mathematics and Science Education (pp. 197-230). Mahwah, New Jersey: Lawrence Erlbaum Associates.

Lin, C., Liu, E. Z., Kou, C., Virnes, M., Sutinen, E., & Cheng, S. S. (2009). A case analysis of creative spiral
instruction model and students’ creative problem solving performance in a Lego® robotics course. In Chang,

525



B. Dinger, B. Cantiirk-Giinhan

M., Kuo, R., Kinshuk, Chen, G. D., Hirose M. (Eds.), Edutainment 2009 (pp. 501-505). Heidelberg:
Springer.

Liu, E. Z. H,, Lin, C. H., Feng, H. C., & Hou, H. T. (2013). An analysis of teacher-student interaction patterns in
a robotics course for kindergarten children: A pilot study. The Turkish Online Journal of Educational
Technology, 12(1), 9-18.

Milli Egitim Bakanligi [MEB]. (2018). /lkégretim matematik dersi 6gretim programu (ilkokul ve ortaokul 1, 2, 3,
4, 5,6, 7ve 8. smiflar). Ankara: Milli Egitim Bakanlhig1 Talim ve Terbiye Kurulu Bagskanhgi.

National Council of Teachers of Mathematics [NCTM]. (2000). Principles and standards for school
mathematics. Reston, VA: NCTM.

Nilklad, L. (2004). College algebra students’ understanding and algebraic thinking and reasoning with
functions (Unpublished doctoral dissertation). Oregon State University, the USA.

Organisation for Economic Co-operation and Development [OECD]. (2013). “PISA 2012 assessment and
analytical framework: Mathematics, reading, science, problem solving and financial literacy.” Retrieved
June 28, 2020 from https://www.oecd-
ilibrary.org/docserver/9789264190511en.pdf?expires=1593346108&id=id&accname=0cid53022151&checks
um=10529135E50AC4E330347792E18241BA

Papert, S. (1972). Teaching children thinking. Innovations in Education and Training International, 9(5), pp.
245-255,

Papert, S. (1993). Mindstorms: Children, computers, and powerful ideas (2nd ed.). New York, NY: Basic Books.

Pellegini, A. D., Galda, L., Flor, D., Bartini, M., & Charak, D. (1997). Close relationships, individual
differences, and early literacy learning. Journal of Experimental Child Psychology, 67, 409-422.

Pritchard, A., & Woollard, J. (2010). Psychology for the classroom: Constructivism and social learning. London
and New York: Routledge.

Ribeiro, C. (2006). RobéCarochinha:Um estudo qualitativo sobre a robdtica educativa no 1° ciclo do ensino
basico [RobéCarochinha: A qualitative study on educational robotics in the 1st cycle of basic education]
(Unpublished master’s thesis). Universidade do Minho, Braga.

Silik, Y. (2016). Egitsel robotik uygulamalarimin fen bilgisi dgretmen adaylarimin problem ¢ézme becerilerine
etkisi (Yaymmlanmanus yiiksek lisans tezi). Karadeniz Teknik Universitesi, Egitim Bilimleri Enstitiisii,
Trabzon.

Steffe, L. P., & Thompson, P. (2000). Teaching experiment methodology: Underlying principles and essential
elements. In A. Kelly & R. Lesh (Eds.), Handbook of research design in mathematics and science education
(pp. 267 — 306). Mahwah, NJ: Lawrence Erlbaum Associates.

Steffe, L. P. (1991). The constructivist teaching experiment: Illustrations and implications. In E. Von Glasersfeld
(Ed.), Radical constructivism in mathematics education (pp. 177-194). New York: Kluwer Academic
Publishers.

Sisman, B. ve Kiigiik, S. (2018). Ortaokul 6grencilerine yonelik tiirkge robotik tutum olgeginin gegerlik ve
giivenirlik ¢alismasi. Ege Egitim Dergisi, 19(1), 284-299.

Talim ve Terbiye Kurulu Baskanligi [TTKB]. (2006a). [lkigretim fen ve teknoloji dersi (6,7 ve 8. siniflar)
ogretim programi. Ankara: Yazar.

Talim ve Terbiye Kurulu Baskanhigi [TTKB]. (2006b). Iikogretim teknoloji ve tasarim dersi 6gretim programi
ve kilavuzu (6, 7 ve 8. sumiflar). Ankara: Yazar.

Talim ve Terbiye Kurulu Baskanligi [TTKB]. (2009). [lkégretim matematik dersi 1-5. siniflar dgretim program.
Ankara: Yazar.

Tekay, T. ve Dogan, M. (2015). ilkdgretim 7. smif dgrencilerinin dogrusal denklemlerin grafikleri ile ilgili
sorular1 ¢ozme becerilerinin degerlendirilmesi. MATDER Matematik Egitimi Dergisi, 2(1), 1-10.

Topping, K. J., Peter, C., Stephen, P., & Whale, M. (2004). Cross-age peer tutoring of science in the primary
school: Influence on scientific language and thinking. Educational Psychology, 24(1), 57-75.

Umay, A. (2003). Matematiksel muhakeme yetenegi. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 24, 234~
243.

Uygun, T. ve Akyiiz, D. (2019). Ortaokul matematik O6gretmen adaylarmnin {iggen esitsizligini toplu
argiimantasyonla kavrayslar1. Inonii Universitesi Egitim Fakiiltesi Dergisi,, 20(1), 27-41.

Uggiil, M. (2013). History and educational potential of lego mindstorms NXT. Mersin Universitesi Egitim
Faliiltesi Dergisi, 9(2), 127-137.

Uziimcii, O., ve Erdal, B. (2018). Egitimde yeni 21. yiizy1l becerisi: Bilgi islemsel diisiinme. Uluslararas: Tiirk
Kiiltiir Cografyasinda Sosyal Bilimler Dergisi, 3(2), 1-16.

Vance, J. H. (1998). Number operations from an algebraic perspective. Teaching Children Mathematics, 4, 282-
285.

Williams, D., Ma, Y., Prejean, L., Lai, G., & Ford, M. (2007). Acquisition of physics content knowledge and
scientific inquiry skills in a robotics summer camp. Journal of Research on Technology in Education, 40(2),
201-216.

526


https://www.oecd-ilibrary.org/docserver/9789264190511en.pdf?expires=1593346108&id=id&accname=ocid53022151&checksum=10529135E50AC4E330347792E18241BA
https://www.oecd-ilibrary.org/docserver/9789264190511en.pdf?expires=1593346108&id=id&accname=ocid53022151&checksum=10529135E50AC4E330347792E18241BA
https://www.oecd-ilibrary.org/docserver/9789264190511en.pdf?expires=1593346108&id=id&accname=ocid53022151&checksum=10529135E50AC4E330347792E18241BA

Dogrusal Denklemlerde Yapilan Egitsel Robotik Uygulamalarimin Cebirsel Akil Yiiriitme Uzerindeki Etkileri

Witherspoon, T., Reynolds, K., Copas, G., & Alagic, M. (2004). A model for an online, global, constructionist
learning environment: Robotics around the world. In R., Ferdig, C., Crawford, R. Carlsen, N. Davis, J., Price,
R., Weber & D., A., Willis (Eds.), Society for Information Technology & Teacher Education International
Conference (pp. 3083-3088). Waynesville, NC USA: Association for the Advancement of Computing in
Education (AACE).

Wood, S. (2003, April). Robotics in the classroom: A teaching tool for K- 12 educators. Paper presented at the
Symposium of Growing up with Science and Technology in the 21st Century, Virginia, USA.

Yackel, E., & Cobb, P. (1994, April). The development of young children's understanding of mathematical
argumentation. Paper presented at the annual meeting of the American Educational Research Association,
New Orleans, USA.

Yildirim, A. ve Simsek, H. (2005). Sosyal bilimlerde nitel arastirma yontemleri (5. baski). Ankara: Secgkin
Yayncilik.

Zengin, M. (2016). ilkokul, ortaokul ve lise Ogrencilerin disiplinleraras1 egitim ve ogretiminde robotik

sistemlerinin kullanimina yonelik goriisleri. Ustiin Yetenekliler Egitimi Arastirmalart Dergisi (UYAD),4(2),
48-70.

527



