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Abstract: The aim of the present research was to examine the contribution of expository and journal writing activities to the
cognitive development of 7th-grade students with varying levels of academic achievement in mathematics education. The
qualitative research approach has been adopted in this research. The lessons were conducted in one 7th grade class of 28
students using a total of 26 expository writing activities and 6 journal writings designed to address the topics of "lines,
angles and measuring angles, operations with integers, rational numbers, algebraic expressions, equations, ratio and
proportion.” During the 14 weeks of lessons, three themes were created and various codes were established under these
themes by means of content analysis of the written explanations obtained from students' expository writing activities and
diaries. In addition, the expository writing activities were analyzed using an analytical scoring rubric (ASR). The findings
were coded under three themes: (1) features of the students' explanations (2) use of mathematical language and (3)
mathematical algorithms and calculations. According to the data obtained, it has been determined that writing activities
contribute to the cognitive development of particularly those students with a moderate level of academic achievement. In
addition, it was revealed that the responses provided in writing activities by students with different levels of academic
achievement varied. Based on the results of the study, it is recommended that writing activities be implemented over a long
and continuous period of time.
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Oz: Arastirmanin amaci, agiklayici ve giinliikk yazma uygulamalarmin farkli akademik basartya sahip 7. smif dgrencilerinin,
matematikteki biligsel 6grenmelerine katkisini incelemektir. Aragtirmada nitel arastirma yaklagimi benimsenmistir. Dersler
28 ogrenciden olusan bir 7. smifta ‘dogrular, agilar ve agilart dlgme, tam sayilarla islemler, rasyonel sayilar, cebirsel
ifadeler, denklemler, oran ve oranti’ konularmmda hazirlanmig toplam 26 agiklayici yazma etkinligi ve 6 giinlik yazma
etkinligi kullanilarak yiiriitilmiistiir. 14 hafta siiren derslerde Ogrencilerin agiklayict yazma etkinliklerinden ve
giinliiklerinden elde edilen yazili agiklamalara igerik analizi yapilarak ii¢ tema ve bu tema altinda kodlar olusturulmustur.
Ayrica agiklayict yazma etkinlikleri analitik dereceli puanlama anahtari (ADPA) kullanilarak analiz edilmistir. Ayrica
bulgular; (1) 6grencilerin yaptiklart agiklamalarin 6zellikleri, (2) matematiksel dili kullanma ve (3) matematiksel algoritma
ve hesaplamalar olmak iizere ii¢ tema altinda kodlanarak sunulmustur. Elde edilen verilere gore, yazma uygulamalarinin
ozellikle bagar1 seviyesi orta olan ogrencilerin biligsel gelisimine katki sagladigi belirlenmistir. Ayrica farkli akademik
basar1 seviyesindeki 6grencilerin yazma uygulamalarina verdikleri cevaplarin da farklilik gosterdigi tespit edilmistir.
Arastirmanin sonuglarina gore, yazma uygulamalarinin uzun bir zaman dilimine yayilarak ve siirekli olarak kullanilmas1
onerilmektedir.

Anahtar Kelimeler: Agiklayici yazma, giinliik yazma, biligsel 6grenme

Tiirkge siiriim i¢in tiklayiniz

1. Introduction

Mathematics, which does not strictly correspond to daily language, is a universal language that has concepts,
terminologies, symbols and words peculiar to itself (Hoffert, 2009). Speaking, listening, reading, and writing are
among the elements of language (Shanahan, 2006). Speaking and writing serve an important function while
learning a language (Giines, 2013). As mathematics is also a language, the role of speaking and writing in
understanding, interpreting and activating thoughts in mathematics is important (Baki, 2008). It is stated that one
of the methods students use during the self-construction process of mathematical knowledge and more effective
learning and internalization of concepts is mutually speaking and writing the mathematical language (Albert,
2000; Pugalee, 2004). However, since the act of writing requires simultaneous usage of the hand, eye, and the
brain, it necessitates more effort when compared to the other language skills (Demir, 2013).

Since writing and mathematics are considered independent of each other in traditional mathematics teaching,
using the writing skill in mathematics lessons can be regarded as extraordinary (Liedtke & Sales, 2001). In fact,
while writing is identified with Turkish lessons, calculations are identified with mathematics lessons (Reilly,
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2007). Thus, the process of using writing activities in mathematics lessons has not undergone rapid progression
(Her-rick, 2005). Applebee and Langer (2006) stated that writing activities were more often used in sciences and
social sciences courses, but much less in mathematics lessons. In a study by Yalvac (2019), in which the ability
to use mathematical language in the domain of algebra was examined, it was revealed that students’ use of
mathematical language was not at a satisfactory level. Yet numerous studies advocate the use of writing
activities in the mathematics curriculum (Gibson & Thomas, 2005; Meier & Rishel, 1998; Ntenza, 2006;
O’Connel et al., 2005; Pugalee, 2004).

The project titled “Writing Across the Curriculum [WAC]’, which started in the U.S.A and England at the
end of the 1960s and then spread to Canada and Latin America, aimed for the use of write-to-learn activities not
only in English lessons but in other subjects as well (Ugurel, Tekin, Yavuz & Kegeli, 2009; Keathley, 2018).
Even though the WAC movement was found to be successful, some problems were claimed to have emerged in
its propogation. First of all, the fact that some mathematics topics are conducive to writing, while others are not
leads teachers to the idea that they can utilize writing only in narrated problems. Secondly, the idea that this kind
of informal writing where imperfect sentence algorithms can be used for formal communication disturbs some
teachers. Thirdly, its implementation in crowded classes is difficult (Fulwiler, 1984). Despite all these
difficulties, it was suggested in the U.S.A. that writing activities be used across all grade levels (National
Council of Teachers of Mathematics [NCTM], 1989). From the 1960s to the current time, many researchers have
asserted that writing about a certain topic supports the learning of that topic (Galbraith & Baaijen, 2018). This
assertion has led to the use of such genres of writing as expository, journal, and free writing in various
disciplines as sciences, social sciences, and mathematics for learning purposes (Smagorinsky & Mayer, 2014).
However, Smagorinsky (1995) stated that there are subjects where writing does not have any impact on learning.

Writing to learn in mathematics curriculums was first mentioned at the end of the 1960s. After the 1980s,
writing to learn started to be used as a method of communication and learning (Johnson & Holcombe, 1993;
Nagin & National Writing Project, 2003). In the national curricula of many countries in the 1990s (in England
and Wales in 1995, in Australia in 1990, in South Africa in 2002), making more use of oral and written language
instead of mathematical symbolism was encouraged (Ntenza, 2006). In the national mathematics curriculum in
Turkey, which started to be implemented in the year 2005 and was revised in the years 2009, 2015, and 2017,
communication is one of the basic skills that is aimed to be developed in students. For the development of the
communication skill, writing about mathematics is regarded as an important activity (Pugalee, 2001).
Accordingly, it is briefly noted in education curriculums that students could be required to produce written
explanations of what a rule regarding a problem solution means and to keep a journal for measurement and
assessment purposes (Ministry of National Education [MoNE], 2007). However, it is observed with reference to
the 2018 education curriculum that there is no sufficient explanation about how writing activities could be
implemented.

Even though writing-to-learn has been incorporated into the education curriculums across all levels of
education, Giinel (2009) argued that writing activities do not receive sufficient attention in Turkey. Furthermore,
Giinel (2009) claimed that writing-to-learn activities, which were not in the area of interest of educational
sciences research, was a new phenomenon waiting to be explored, and added that research on writing-to-learn
could open up new horizons for Turkish researchers to support “the development of science literacy” and
“meaningful learning of science”, which is one of the goals in the Turkish education system.

It is asserted that while solving mathematical problems in traditional classes, students make use of writing to
make record of their operations, and while doing so they are not aware of their own thoughts, they do not think
about the solution of the problem, and they do not make a mental interpretation of their statements (Fluent,
2006). Hence, instead of the traditional approach, the use of conscious and purposeful writing activities that are
conducive to analytical behavior by means of discussion activities in which the whole class can actively
participate is recommended (Jurdak & Zein, 1998). It is maintained that writing is more important and effective
than spoken language as writing enables each word to form an image in a student’s mind (Ergiin & Ozsiier,
2006) and makes students’ thoughts more concrete (Quinn & Wilson, 1997). It is stated that as students are more
active in learning environments where writing activities are utilized, they can make meaning out of what they
learn and become aware of their own learning and development (Bolte, 1999). The realization of the benefits of
writing activities and their impacts on education increasingly drew the attention of researchers and educationists
toward this area of topic (Ntenza, 2006; Seto & Meel, 2006). In numerous research studies on education of
content knowledge, writing is not regarded solely as a language skill and a component of solely language
education (Ugurel et al., 2009).

It is noted that mathematics is at the top of the list of subjects that are difficult to teach and learn (Yetim-
Karaca & Ada, 2018). According to Witzel and Riccomini (2007), the high number of students with a low level
of academic achievement has created a pressing need for education researchers to conduct studies on new
teaching strategies to increase academic achievement in mathematics. Thus, the writing activities in current
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mathematics curriculums could be considered an education strategy to identify learning needs and to decrease
the gap between students’ levels of achievement in education.

There are positive views in the literature on writing-to-learn, and it is recommended to be used in
mathematics lessons as well (Burns, 2005; Jurdak & Zein, 1998; Tekin-Aytas & Ugurel, 2016). However,
researchers have expressed different views regarding the purpose of using writing activities. Some researchers
have recommended using it as a means to organize students’ perceptions and attitudes towards mathematics
(Atasoy, 2005; Furner & Duffy, 2002; Mason & McFeetors, 2002; Nagin & National Writing Project, 2003).
Then there are studies in which writing is used as a method of alternative assessment to assess students’ thoughts
(Baxter, Woodward & Olson, 2005; Burns, 2005; Miller, 1991; Nie, Yeo & Lau, 2007). Some researchers have
recommended using writing activities as a means to teach new concepts (Brandenburg, 2002; Burns & Silbey,
2001; Cooley, 2002; Fuqua, 1997; Marlow, 2006; MclIntosh & Draper, 2001; Williams, 2003). They have stated
that it could be used to develop students’ metacognitive skills (Tanner, 2012; Kartalci, 2018) or to gain insight
into teachers’ teaching processes (Atasoy, 2005; Seto & Meel 2006). Moreover, various studies have been
conducted on students’ and teachers’ views regarding the variety and practice of the writing activities
implemented by teachers (Demircioglu, Argiin & Bulut, 2010; Guce, 2018; Oztiirk, Oztiirk & Isik, 2016; Phillis,
2020). However, Shield and Galbraith (1998) claimed that comprehensive studies were not conducted on writing
activities. Similarly, Herrick (2005), who examined 55 studies on writing, stated that there were no studies
investigating the development in the cognitive learning processes of students with different levels of academic
achievement in curriculums where writing was intensively implemented. Hence, it is believed that the present
study will fill in this gap in the literature.

It was observed in the related literature that experimental studies were mostly pre-ferred with the aim of
revealing the effect of writing on students’ academic achievement (Dur, 2010; Frenkel, 2004; Greer, 2010; Kasa,
2009; Pugalee, 2004; Yilmaz, 2015). It was also observed that writing activities were mostly used while solving
problems (Ozkan, 2019). It has revealed that in these studies only general evaluations on the effect of writing
activities were made and were thus insufficient in explaining contradictory findings. In addition, owing to the
changes in the nature of mathematics learning environments, there is a need for further studies on the use of
writing in mathematics (DiBartolo, 2000). Graham, Kiuhara and MacKay (2020) investigated the effect of
writing-to-learn on mathematics by analyzing 21 experimental research studies in which there were various
writing activities and sample groups with varying levels of performance. Their study revealed that writing-to-
learn activities has a moderate degree of effect on learning mathematics. It was also recognized that limited
information could be gained from the studies that they examined, so they recommended that comprehensive
studies be conducted on writing-to-learn.

In recent years in Turkey, studies in which writing activities were utilized in mathematics education have
been observed. In a study by Ozkan (2019), how the mathematics algorithms written in a journal by a 6th grade
student changed over time were analyzed. The data of this study, which employed a mixed-method research
design, were collected merely in the topic of area measurement in a total of 13 lesson hours spread over five
weeks. The study revealed that the writing activities had a positive effect on students’ understanding of area
measurement. It is recommended that the implementation of writing activities be planned to be used over a long-
term period. Another study, which was conducted by Kiiciik (2019), aimed to examine the effect of writing
activities associated with 13 learning outcomes in the learning domain of Probability and Statistics on 7th grade
students’ problem solving skills, and their attitudes to and anxieties in mathematics. The data of this study,
which employed a quasi-experimental design, were collected over a period of seven weeks. The study revealed a
statistically significant variance in favor of the experimental group in the scores obtained from scales used in
accordance with the purpose of the study. A recommendation was made to conduct studies in which writing
activities are used in different learning domains and in which a qualitative research design is used in order to
gain more profound insight. One other study was conducted by Akkus and Darendeli (2020), who examined a
total of 35 research studies carried out in Turkey between the years 2005 and 2020 on writing in mathematics.
Their study revealed that the number of studies in this area of topic was very low, that mostly experimental
methods were employed, and that studies on topics other than numbers were insufficient. Furthermore, they
stated that writing-to-learn in Turkey was mostly implemented in the area of science education and that the
number of studies in the discipline of mathematics education should be increased.

The present study was designed to employ a qualitative research design lasting for 14 weeks, which is a
relatively long period of time when compared to the studies in the related literature. Moreover, topic enrichment
was ensured by preparing activities for six different units. The study can contribute to the development of a
teaching method to be used by teachers intending to teach mathematics by employing a variety of writing
activities and written communication; it can also guide them in activity development. It can provide them with
information about how to utilize writing activities in their lessons and enable them to create new ideas. Hence, it
is believed that the study will enable more mathematics teachers to use the writing-to-learn technique in their
lessons. In addition, considering the results of the study, teachers can gain insight into how and to which groups
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writing activities can be implemented in their efforts to increase the mathematics achievement levels of students
with varying academic achievements.

Importance is attached to studies on integrating various technologies (particularly computer technology) into
studies in the area of mathematics education, yet these require huge costs and thus lead to the emergence of
financial constraints (Bellamy, 2017). Moreover, teachers need to be provided with long-term in-service
trainings in the use of these technologies (Braine & McNaught, 2007). Conversely, writing activities require very
low costs (cost of paper) and can be easily implemented under the guidance of the teacher (Bellamy, 2017).

The cognitive dimension of writing is comprised of ordering the acquired information, perceptions, and
observations, and mentally processing and interpreting them (Ipsiroglu, 2006). Despite the existence of different
definitions of cognitive development, the common feature of these definitions is that cognitive development is a
mental activity (Losike-Sedimo, 2018). The development in the quality of students’ explanations of
mathematical topics, the increase in their use of terminologies, and the development in the accuracy of their
calculations and their use of algorithms are all directly associated with students’ cognitive developments (Baki,
2008).

The aim of the present study was (i) to compare the written responses of 7th grade students, who were
grouped as very low, low, average, high, and very high based on their academic achievements in mathematics
lessons, where writing activities were used, and (ii) to analyze the contribution of these activities to students’
cognitive learning in mathematics. To this end, the research question of the study was stated as follows: How
does a mathematics learning environment supported with writing activities affect the cognitive development of
7th grade students with varying levels of achievement?

1.1. The Theoretical Framework of the Study

A highly prevalent social-pedagogic movement, which was founded on Vygotsky’s ideas, started in the
former U.S.S.R. during the 1980s (Kerr, 1997). According to Vygotsky, knowledge is shared among individuals
within a social environment, and it is the interaction within this social environment that knowledge is
constructed. It was stated by Vygotsky that this is how the cognitive development of an individual could be
ensured (Senemoglu, 2000). It was also claimed that students’ studying in the same environment with those who
are at the same or a higher level helps them to reach a higher level of cognition (Gray & Feldman, 2004).
Moreover, according to Vygotsky, written language is not only more important and effective than spoken
language, but is also different from spoken language in all respects in that it requires higher level of abstraction.
In addition, writing is not directed to anyone, but is an internal dialogue. When an individual writes an
explanation, s/he enters a process where s/he talks to him/herself (Vygotsky, 1985).

According to Vygotsky (1985), learners have two different levels of development. One of these is the actual
development level, where the individual has the ability to learn certain topics on his/her own via his/her mental
processing at that point in time. The other is the potential development level. This level is defined as the level to
which learners can reach with the help of their teacher, parents or peers. The area between these two levels was
defined by Vygotsky as the Zone of Promiximal Development (DeVries, 2000). The area between the actual
development level and the potential development level can be illustrated as in Figure 1.

T

Figure 1. Zone of Proximal Development

Potential development level

Zone of
Development

Present development level

Building upon Vygotksy’s concept of ZPD, Albert (2000) proposed the concept of the Zone of Proximal
Practice (ZPP). Students, who pass from the actual development level to the potential development level with the
help of their peers or teachers, as stated in the ZPD, can use writing activities, which require more analytical
thinking, transition to a condition where they can organize mathematical concepts and ideas by self-scaffolding
with the aid of external help. In brief, writing functions as a bridge between ZPD and ZPP (Albert, 2000). By
developing ZPD further, Albert (2000) schematized the transition to ZPP, as illustrated in Figure 2.
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The Emergence of the Cognitive Function
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Figure 2. The relationship between ZPD and PLP (Albert, 2000)

It is stated that in ZPP, students independently organize and apply their ideas related to mathematical
concepts. It is maintained that students who pass from ZPD to ZPP would develop in critical thinking skills and
gain a more profound understanding of mathematics (Albert, 2000). The basic idea here is that social
environment develops language, language develops writing, and writing develops thoughts.

1.2. Writing Activities Utilized in Mathematics

There is no known study that categorizes the writing-to-learn activities used in mathematics lessons. Many
studies have focused on defining the writing activities that were used (Phillis, 2020; Markert, 2019). As a matter
of fact, there are no clear boundaries between these definitions. Sipka (1992) developed a classification related to
writing as a tool in mathematics education. According to Sipka, all writing activities can be grouped into two
categories as formal and informal. Informal writing is content-focused. The reader is interested in the writer’s
opinions. In formal writing, the reader pays attention to the quality of the writing and the content.

Britton, Burgess, Martin, Mcleod and Rosen (1975) categorize writing activities into three groups:
communication based formal writing (transactional writing), meaning-based writing (expressive writing) and
poetic writing. The aim of transactional writing is to convince, inform, and teach. It is the most common type of
writing used in school settings. Written and formal exams can be examples of this type of writing. Students use
this type of writing when they write definitions or responses to questions. Moreover, chapters in books and
research articles exemplify this type of writing. Expressive writing, on the other hand, is personal writing that is
informal and unplanned, and reveals the writer’s internal voice. Students naturally reflect their feelings and
opinions about a particular topic. Journal and free writing are the most common samples of this type of writing.
Writing a letter to a friend or family falls within this category. Another writing genre is poetic writing. This type
of writing is the one that is least used in schools. The aim of this writing is to use writing like art. Algorithm,
configuration and style are more important than content. Having students create poems with mathematical
concepts, write a mathematical resume, or write an essay titled “a world without mathematics” are samples of
poetic writing in mathematics classes (Lynch, 2003). Writing stories and songs are also within this category
(Klishis, 2003). Fulwiler (1984) added a fourth style of writing to these three categories: mechanical writing.
Fulwiler placed the writings teachers produce on the board while teaching into this category. Not much effort
needs to be put into this type of writing. These categories do not have definite borders, though. To illustrate,
King (1982) claimed that journal writing, placed in the sub-category of meaningful writing in Britton’s
categorization, would be within the category of transactional writing (communication based formal writing) if
students wrote in their journals with the help of their teacher.

Burns (2004) classifies writing activities used in mathematics into four groups: journals, solving
mathematical problems, explaining mathematical ideas, and writing about mathematical processes. Ishii (2003)
stated that generally expository writing and journal writing were implemented as write-to-learn activities in
mathematics classes. According to Ishii, journal writing refers to students’ opinions written in response to a
teacher’s prompt or about an activity. As for expository writing, it is, by its nature, the act of explaining a
question or problem. In the present study, the writing activities employed can be categorized as journal writing
and expository writing.
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Beasley and Featherstone (1995) maintained that the choice of instructions, questions or scenarios used to
have students do a writing activity were very important as they should be appropriate in quality and content to
reveal students’ opinions and assess their understanding of the topic. It has been stated that students should be
able to reflect on these, choose and apply appropriate strategies, assess the rationality of their solutions, and trace
their developmental process (Silver & Smith, 1996; Klishis, 2003).

Colonnese, Amspaugh, LeMay, Evans and Field (2018) categorized writing that could be used for
communication and reasoning at primary school level into four types: exploratory, expository, persuasive, and
creative. They consider students’ responses given to such question as “Why do we use fractions?” to explain
their discovery of the concept of fraction as exploratory writing, while students’ written responses to such an
instruction as “Explain how you know that one third of a play area is bigger than one third of a pavement area”
are considered expository writing. Persuasive writing requires students to produce writing by using basic
constituents of persuasion, such as data, claim, and justification to answer such questions as “While comparing
two elements, the whole of one of the elements is always bigger than half of another element. Do you agree or
disagree and why?” Finally, in creative writing, similar to the questions in exploratory writing, students answer
such questions as “If one third of it is in decimal terms is 0.333333..., and two thirds=0.666666..., then why
does three out of three equals 1 and not 0.999999...7”

Researchers in the literature have recommended that in writing activities in mathematics, attention should be
paid to selecting prompts and questions that students can quickly and easily solve, that allow students the
opportunity to reflect on their ideas, and questions that students can make sense of (Roskin, 2010). Moreover,
they have stated that students should infer signs regarding topics that are not related to the topic being addressed
within these prompts and questions (Klishis, 2003). Hence, in the present study the recommendations mentioned
in the literature and stated above were take into consideration while preparing the writing activities.

2. Method

The qualitative research approach was employed in the present study. Qualitative studies allow researchers to
conduct in-depth analyses of a study group’s understanding of a topic, the definitions and explanations they
make, and how these change (McMillan & Schumacher, 2010).

2.1. Study Group

The study group in the study was comprised of a total of 37 (23 female, 14 male) students attending 7th
grade in a primary school located in a town within the province of Trabzon. On the other hand, the study group
of the pilot study was comprised of seventh grade 28 (15 female, 13 male) students attending a different primary
school in the same town. The people living nearby the schools in the town center had a middle level of socio-
economic status. The students’ level of academic achievement were generally average or low, yet there were also
students with a good level of achievement.

2.2. The Research Design

During the research design stage, initially the units to be addressed in the first term as defined in the 7th grade
mathematics curriculum were examined, and the materials to be used were prepared. The schematic explanation

of the process prior to the main study are presented in Figure 3.

EReviewing
the Literature | Development of Writing

Activities
xamining the Learning -EL
Outcomes in the - :
: Development of the Analytic
Curriculum [ Scoring Rubric (ASR) ]
i1

[ Conducting the Pilot Study |

Evaluation of the Results

Orgamization of ASE .
together with the Experts

and Activities

Figure 3. The schematic presentation of the processes prior to the main study

As can be observed in Figure 3, after the literature was reviewed and the learning outcomes in the curriculum
were examined, expert opinions were received on the writing activities that were developed. Subsequently, an
analytical scoring rubric (ASR) was designed to assess the writing activities. The next stage was the pilot study,
which was conducted with a total of 28 seventh grade students for a period of 3 weeks in a primary school,
which was different from the one where the main study was conducted.
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Three activities that were included in the pilot study were removed from the main study based on expert and
teacher opinions and because they were found to waste much of the class time, to be at a higher level of
difficulty than the students’ level, and to be redundant as there were other activities related to the same topic they
were addressing.

In addition, it was observed in the pilot study that reading out each student’s score on the ASR was a waste
of time; hence, in the main study, the scores were announced by posting them up on the bulletin board.
Moreover, since it was observed in the pilot study that students were more concerned with their scores than in
the feedback and in their errors, in the main study the activity papers were distributed to the students, and the
feedback and the questions in the activity were discussed prior to hanging the scores on the bulletin board.
Furthermore, some of the questions in the pilot study were revised based on expert opinion. To illustrate, in the
second activity in the topic of lines and angles, the place of the angle was changed so that the question could
address more learning outcomes. In the pilot study, students were required to produce journal writings. However,
in these journal writings, it was observed that students explained what was done in class. Therefore, it was
decided that students needed to be guided in the main study in order for them to write in accordance with the aim
of the study. Accordingly, it was decided that the journal writings should have sub-titles (Appendix 1).

The main study was conducted with seventh grade primary school students for a period of 14 weeks. As part
of the research study framework, teachers were initially informed about how to implement the writing activities
in class. It is stated in the related literature that the easiest way of getting students accustomed to writing is
having students write about their past experiences in mathematics (Burns, 1995). Accordingly, at the beginning
of the activitie, the students were assigned homework to write about their past experiences in mathematics. More
specifically, they were asked to write about all their feelings, opinions, good and bad memories, the mathematics
topics they liked and disliked, and the connection between mathematics and other subjects as regards their past
experiences in mathematics. However, this assignment was not assessed. Subsequently, how the activity was
going to be implemented was explained in class and sample activities (Appendix 1) were distributed to the
students and together reviewed.

The writing activities were generally implemented in the last 10 to 20 minutes of each two-hour lesson after
the teacher completed her lesson in accordance with the curriculum. After the activity was completed, the
students’ writing papers were collected for the teacher to read and give feedback on. At the beginning of the
following lesson, the papers were distributed to the students, who were asked to examine the feedback given.
Subsequently, using different samples, the teacher made explanations to the students with the aim of correcting
the most frequent errors they had made. Students’ writing papers were assessed and marked in accordance with
the ASR that was developed. A mathematics corner on the class bulletin boards were formed so that the students
could see the ASR and some samples selected from the activities that were done. In this corner, the ASR was
kept hanging on the board until the end of the term. Moreover, after each activity, the scores that the students
received on the ASR were also hung on the board. Those who received a high score were announced in class.
Based on these scores, the teacher sometimes delivered a talk to the class about the students’ performances. At
the end of the activitie, the students were categorized into five groups based on their academic achievement
levels — very low, low, average, high, very high — and their responses to the writing task were examined.

2.3. Data Collection Tools

Writing activities and an analytic scoring rubric (ASR) were utilized as data collection tools in the present
study. Detailed information about these two data collection tools is presented under two sub-titles below.

2.3.1. Development of the Writing Activities

In the present research, a total of 26 writing activities were implemented. Moreover, at the end of the unit,
each student was asked to write in their journal, which amounted to 6 journal writings. These activities and
journal writing tasks were designed in accordance with the related literature and the primary school mathematics
education curriculum. Subsequently, three experts and one primary school mathematics teacher were asked to
examine them.

In the present study, expository and journal writing tasks were used to implement writing activities within a
three-stage plan. In all these stages, careful attention was given to ensure that the activities prepared addressed
the learning outcomes in the mathematics curriculum, were associated with daily life, and enabled the students to
engage in more detailed thinking. In the first stage, the writing activities that lay emphasis on the concept of the
topic being addressed were implemented. In the second stage, the writing activities focused on the content of the
topic. Finally, in the third stage, the journal writing were produced at the end of the unit. These stages are
presented in Figure 4.
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Figure 4. The three-stage plan of the writing activities

While writing their detailed explanations of their thought processes, they were told that they could ask for
their teacher’s or peers’ assistance, and that they should write their thoughts including all the strategies and
methods, and even write about thought processes by which they could not arrive at the correct solution or arrived
at the wrong solution by writing such statements as “I thought of this, but could not arrive at the solution” or
“arrived at the wrong solution.” Moreover, they were told that they should make explanations as if they were
explaining them to a 6th grade student, not worry about punctuation and grammar rules, not erase mistakes but
just cross over the mistakes, that they could draw figures to explain their thoughts, form tables and give
examples. Finally, they were told to read what they had written before they submitted their explanations. Writing
as if they were explaining to students attending lower grades allows students to construct their own
understanding of concepts and prevents them from repeating without understanding the knowledge they have
(Hohenshell, Hand & Staker, 2004; Hand, Yang & Bruxvoort, 2007).

At the end of the units, the students were asked to write journal entries about what they learned in class, what
they did in class, what they found difficult and confusing, and what they did to overcome these difficulties in a
detailed way. Samples of writing activities that were implemented at the beginning of the topic, while the topic
was being covered and at the end of the unit are presented and explained in detail below.

At the beginning of the topics:

The writing activity implemented at the beginning of the topics consisted of an assignment in which the
students were asked to respond to a prompt by means of expository writing based on the mathematical concepts
explained. The aim of this stage was to highlight mathematical concepts.

For example:

a.Imagine yourself as a rational number. Explain by writing about yourself and your relationship with your
relatives (other rational numbers and number sets) under the title, “I am a rational number.”

While covering the topic:

The activity that was carried out as the topic continued to be covered was an expository writing activity,
which consisted of the responses the students gave to instructions, scenarios and open-ended questions related to
the mathematical concept explained.

For example: o

a.Based on the given data in the figure on the right hand side, Ahmet says lines d and e y/ o ¢

are parallel while Ayse says they are not parallel. Who do you think is right? Explain 527" =,
your response by explaining your reasons.
b.* 5 is added to each side of the equation.
* Both sides of the equation is multiplied by 2.
A student who did the operations in the same order as above to solve the equation found the solution set to be
12. Thus, how can this equation be found? Explain.

At the end of the unit:

At the end of the units (generally two or three times a week), the writing activity was writing in their journal.
This activity was assigned as homework. The students were asked to bring this homework assignment to the next
mathematics class. These journal prompts were developed based on the aim of the study and by benefitting from
Lefler (2006). The journal writing activity was implemented by having students respond to the prompts
consisting of the 4 sub-titles below.

a.Write a letter to a friend who is absent from class to summarize the topic we covered. The students were

asked produce explanations in accordance with the given instructions: “Explain the topic to a friend who is
absent (and is a low achiever in the lesson). Your friend does not know the topic and relies completely on
what you will explain to him/her.

b. Order the concepts covered in the lessons and identify the relationship among them.
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c. State the difficulties or problems that you face in relation to the topic.
d. What is the most important piece of information that you did not know before but learned after covering
the topics?

Furthermore, the students were cautioned not to explain in their journals the common activities in class (the
teacher had Ali come to the board) or incidents happening outside of class. During the activitie, the students
were allowed to discuss among themselves and with their teacher, but they were definitely required to write
without looking at each other’s papers. Jurdak and Zein (1998) stated that in writing activities, the teacher should
give short feedback in a short period of time, and that all the activities, except for the journals, should be scored.
Accordingly, the teacher in the present study gave short feedback to student writings in order to motivate the
students and to enable them to see their errors.

The number of the writing activities was determined by considering the learning domain, the sub-learning
domain, the learning outcome, and the number of lesson hours. Sub-learning domains and the number of
activities: Lines, angles, and angle measurement (2 activities); operations with whole numbers (10 activities);
rational numbers (6 activities); algebraic expressions (2 activities); equations (3 activities); ratio and proportion
(3 activities). A total of 26 writing activities were implemented. Based on the application time in the study, these
were divided into three groups as at the beginning, middle and end of the study. Activities 1-9 were identified as
those to be implemented at the beginning of the study, activities 10-18 in the middle, and activities 19-26 at the
end. The study was implemented over a period of a total of 56 class hours. However, writing activitie was not
done in the entirety of these class hours. The writing activities were generally implemented in the last 10-20
minutes of the 2-hour lessons. In addition to the writing activities, each student was asked to write at the end of
the units, which amounted to a total of 6 journal writings.

2.3.2. Development of the Analytic Scoring Rubric (ASR)

DiBartolo (2000) stated that analytic scoring rubrics were effective and efficient tools in assessing writings.
Unlike holistic and characteristic scoring rubrics, analytic scoring rubrics (ASR) necessitate the deconstruction
of the performance into its constituents or the product into separate sections and the assessment of each skill
independently, and then adding the scores obtained from each section to find the total or the average score. Thus,
analytic scoring rubrics are developed to assign different scores to different dimensions of a study or product.

Even though scoring rubrics that are ready-made, adapted or prepared by the researcher can be utilized to
assess writing activities, in the present study an adapted scoring rubric was used in order to increase the
reliability of the study. A preliminary analysis of the written data obtained from the study was done by using the
draft of the scoring rubric that was adapted from Lim and Pugalee (2006a; 2006b), and it was decided that the
rubric was appropriate for the study.

The ASR was submitted to three domain experts and one primary school mathematics teacher for expert
opinion, and it was decided that it was appropriate to the nature of the study. Thus, the scoring rubric, the
dimensions of which are presented below, was used in the main study.

ASR consists of three categories. These are as follows: (1) Features of the explanations, (2) Use of
mathematical language, and (3) Mathematical algorithms and calculations. The students’ writings were marked
under these headings by using the ASR.

2.4. Data Analysis

Prior to the analysis of the data in this section, how the students were categorized according to achievement
levels is explained. Subsequently, an explanation is provided about how the writing activities were divided into
three groups depending on their time of implementation: at the beginning, middle and the end of the study. Then
follows an explanation on how the written responses given by the students who were grouped according to their
academic achievement levels were analyzed.

Since the fundamental problem of the research was identifying the cognitive and affective developments of
students with varying levels of academic achievement in writing activities and revealing the relationship between
the students’ responses given in the writing activity, it was essential to group the students in accordance with
their academic achievement levels. To this end, the steps that were followed are explained below:

a) Initially, the means of the students’ grade 6 term 1 and term 2 written exam scores (a total of 6 exams)
were calculated. The students’ performance evaluation scores were not taken into consideration in this
calculation.

b) Because the mean scores of some of the 24 students with average academic achievement scores were very
close to each other, the students at this level of achievement were divided among themselves into three
groups as low, average, and high level of academic achievement based on the opinions of the teacher
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(who had been the teacher of the students for the past one year and thus had a clear idea of the students’

levels).
Table 1. The number of students in each group of academic achievement level 1
Mean score 0-25 Mean score 30-68 Mean score 75-100
Level Very low Low Average High Very High
(Level E) (Level D) (Level C) (Level B) (Level A)
Number of 10 9 10 5 3
students

As can be observed in Table 1, based on their grade 6 exam. scores, 10 students with a mean score between
0-25 was labelled as “very low” (level E) and 24 students with a mean score between 30-68 were divided among
themselves into varying achievement levels based on the teacher’s opinion: 9 students were labelled as “low”
(level D), 10 students as “average” (level C), and 5 students as “high” (level B). In addition, 3 students with a
mean score between 75-100 was labelled as “very high” (level A). In this way, the academic achievement level
groups were formed.

The responses given to the writing activities by the students, who were divided into academic achievement
levels, were analyzed via the content analysis method. Prior to analyzing the students’ responses, to establish a
general framework, ASR was used to identify three themes. The data were coded and associated with these
themes. First, all the responses given to the writing activities by the students, who were divided into groups
based on achievement levels, were examined superficially one by one within each group. While doing so, notes
were taken. After this preliminary analysis, all the responses were re-examined from the start for a more detailed
analysis. The similarities and differences between the codes that had emerged were identified, and those that
were related were grouped together and associated with the themes. The final versions of the themes and codes
are presented in Table 2.

Table 2. Themes and codes
Themes Codes
Writing detailed, explicit and clear responses
Supporting explanations with examples
Writing irrelevant explanations
Writing explanations based on their visual perceptions
The inconsistencies among different explanations on the same topic and
between explanations and mathematical operations

1. Features of the
Explanations

®ao o

a. Using mathematical symbols
2. Using the b. Using mathematical words
Mathematical ¢. Using mathematical figures
Language d. Using unique words and symbols
e. Being aware of the use of different symbols
Mathematical a. Making calculations that are incomplete, irrelevant, or based on visual
3. Algorithm and perceptions
Calculations b. Being able to develop different structural and calculation methods
C. Evaluating the solution (checking the accuracy and rationality of the solution)

As can be observed in Table 2, the findings of the research study were grouped under three themes: features
of the explanations use of mathematical language, mathematical algorithm and calculations. Under these themes
are the related codes. In the final stage, the researcher made explanations to add meaning to the data, to explain
the relationships among the findings, to establish a cause-effect relationship, to draw some conclusions from the
findings, and to explain the significance of the obtained results (Yildirim & Simsek, 2005).

The scores that the students, who were grouped based on their academic achievement levels, obtained on the
analytic scoring rubric were classified in accordance with the three themes on the rubric (mathematical
explanations, use of mathematical language, mathematical algorithm and calculations). First scoring the
students’ responses in the writing activities and then classifying them based on achievement levels is a factor that
increases the reliability of the research study. Subsequent to the classification, whether or not there was
developmental progress within each group of academic achievement level under each theme was examined. To
this end, the means of the scores that the students obtained on the ASR for the writing activities, which were
categorized into three groups as activities for the beginning, middle and end of the study, were calculated and
interpreted.

The scoring on. The ASR was done by the researcher and the teacher independent of each other. The analysis
that was run to examine the consistency between the scores yielded a Pearson correlation coefficient of .92. This
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coefficient was found to be sufficient as it indicates a high degree of inter-rater compatibility (Biiyiikoztiirk,
2005). The students who participated in the study were coded as S1, S2, ..., S37. All the activities, except for the
journal writing activitie, were marked by utilizing the analytic scoring rubric.

3. Findings

After the written responses in the writing-to-learn activities in the present study were examined, three
different themes related to students’ cognitive development were formed and coded. Various information
regarding these themes and codes with respect to students’ cognitive developments have been presented through
tables. In Tables 2 and 3, expressions such as A3, B5, and C10 in the column titled ‘Level’ indicate the number
of students. To illustrate, A3 indicates that there were 3 students at level A. Table 4 displays sample student
responses. In addition, at the end of each theme, the mean scores students earned from the related part of ASR
are presented in accordance with their achievement level.

3.1. Findings Regarding the Theme of “Features of the Explanations”

The written responses given in the activities by the students, whose achievement levels were categorized,
were examined under the theme “features of the explanations”, and the codes that were formed are presented in
Table 3. This table also presents from which student papers the codes were arrived at and at which stage of the
study they were observed in the activities that were implemented.

Table 3. The students within the codes formed under the theme of ‘features of the explanations’

Writing Supporting Writing Writing The inconsistencies among
— detailed, clear, explanations irrelevant explanations different explanations on
% and with explanations  based ontheir  the same topic and between
—1  comprehensible examples visual explanations and
responses perceptions mathematical operations
- Az S1,S2,S3 $1,82,S3 - e e
g’ Bs S4 S5,86 - ST mmeeeee-
E > Co S8, 59,510 S8, S11, S10, S13, S14, S8, S13
£ 3 S12 s11
gf Z Dg - S15, S16, S18,S19 S21 S22, 5817, S23
@ = S17 S20, S16,
= Ew ~ - s S24, 825,  S26, S27, S28, S27, S28, S30, S29
< S26, S27 S23, S29

As  S1,82,S3  S1,S2,S3  wem e e

2 Bs S33S7,S5  S$6,S33,S4 - e e

2 S4, S6

@ Cyp S14,S8,S31, S31,88S1l, - eeeeee S8

sy S10 S14, S12

S Dy S18, S17 ST J— S21,816 -

A Ex - e S27, S25, S26, S25, S26, $23,528, S25
S23 $30,527

~. Ay S1,S2,S3 S1,83,82 e e

S Bs 5335486, S7,86,S4, - seeeem e

o S5 S33

f Cio $11,S31, S14, 88,831, = e e e

S $14,S8, S10 510,531

S Dy S22, S18, S15,516 e e S16

@ $16,515

Sud I e —— $29,525 S32, S29, S25, S27, S23,

< S24, S27 $32,537

As can be observed in Table 3, in terms of the code of ‘writing detailed, clear, and comprehensible
responses’, it can be deduced that the clarity of the responses of the level B and level C students improved
significantly and that some of the level D students showed progress. As regards the ‘writing irrelevant
explanations’ code, it was revealed that level E students had produced irrelevant explanations at the beginning
and during the study, while level C and level D students had produced irrelevant explanations in some activities
at the beginning of the study, but in the middle and at the end the study, they had no irrelevant explanations. The
remaining level A and level B students were found to have written no irrelevant explanations to any of the
activities in the study. In terms of the code titled ‘Writing explanations based on their visual perceptions’, no
responses were identified to exemplify this condition among the level E students overall. Some of the level D
students were found to have given responses to the activities at the beginning and during the study based on their
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visual perceptions, while only several of the level B and level C students had given such responses to some of
the activities at the beginning of the study. This condition was not observed in the responses of level A students.

In the code of ‘inconsistencies among different explanations on the same topic and between explanations and
mathematical operations’, this condition was observed in the responses of level E students throughout the study.
While this condition was observed in the responses of three level D students, toward the end of the study, this
number dropped to one student. Even though similar conditions were observed in two level C students at the
beginning of the study, in the continuation of the study, no such condition was encountered. As for the students
in the other academic achievement levels, no finding to exemplify this kind of a condition was observed in any
stage of the study.

In terms of the code of ‘supporting explanations with examples’, it was revealed that level E students had not
written any examples in their explanations. On the other hand, the students in the other groups of academic
achievement levels, particularly those at levels A, B, and C, were found to have provided examples while writing
explanations.

Sample quotations from the students’ written responses to the activities in relation to the theme of ‘features
of the explanations’ are presented in Table 4.

As can presented in Table 4, level A students generally wrote very detailed and much clearer statements than
the students at the other levels at the beginning, during and at the end of the study. S2 made a detail explanation
of the conditions of the lines in relation to each other in activity 2 at the beginning of the study. In activity 11,
implemented during the middle of the study, the same student calculated the difference between the actual
temperature and the temperature wanted as 360 C and then calculated the change in temperature in 1 hour.
Afterward, by finding the change in temperature in 5 hours and then subtracting it from the initial temperature,
the student arrived at the result. In activity 19, implemented toward the end of the study, the same student
explained in detail that the algebraic statements in the parentheses would not be equal due to the place of the
parentheses. Furthermore, the students at this level provided examples while writing answers in the activities. In
activity 6, S3 stated that when negative numbers are multiplied by 10, they become smaller and wrote examples.

As can be observed in Table 4, S7, a level B student, has not written a detailed response while answering the
question in activity 4. This student made an explanation only by using a mathematical symbol. However, the
same student gave a more detailed answer in activity 17 somewhere in the middle of the study. Toward the end
of the study, in activity 23, S7 showed one side of the eraser with the x symbol. Then for the short side of the
book, to show that the eraser is added tip to tip three times but falls short 6 cm, s/he preferred the algebraic
representation of “x+x+x+6”, instead of 3x+6. Similarly, s/he showed the long side of the book in a detailed in
the following way: “x+x+x+x+x—2”. However, this student expressed both conditions by using the multiplication
operation as well. Even if the students at this level made explanations based on their visual perceptions in the
activities implemented at the beginning of the study, they associated these explanations with mathematical
knowledge. In activity 2, S7 made the following explanation: “as can be seen in the figure, lines d and e have
been drawn parallel to each other” and continued to write “the angle of line e is equal to the angle of line d”. In
addition, s/he calculated the values of the angles on the figure. S7 wrote a story in activity 22 to exemplify
his/her explanations. S7 explained the solution of the equation in the following way: “There is virus x in the 1st
town. There is no virus in the 2nd town. To cross over to the 2nd town, the ones in the 1st town need to change
[their] signs. The military police stops the ones wanting to cross over to the 1st town and asks them to change
[their] signs...” Similarly, in the same writing activity, S33 wrote an explanation as follows: “for instance, let me
explain to you how to find the solution of y+4=14; y is sick and has a contagious disease. For his reason, it needs
to cross the bridge to go to the other 4 villages. But it gets caught by the military police and changes its sign in
case it has any illness and +4 goes to the village as -4. As a result, y=10.” The students exemplified their
explanations.
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Table 4. Samples from student responses under the theme of ‘features of the explanations’

Level

Act

No

Sample Responses

At the beginning of the study

During the study

At the end of the study

>

2

NN

11

17

14
18

19

23

22

2

19
20
19

~N

The cupboard in the figure are parallel lines because the wooden boards within the cupboard are
arranged one underneath each other and remain opposite each other. So this is a parallel line and, in
addition, when we extend the wooden board inside, they never intersect each other. And this is a feature of
parallel lines. (S2)

Yes there is because when negative numbers are multiplied by 10, they get smaller because when a
normal multiplication operation is done, the result is big, but if both multipliers have opposite signs, then
the result will be negative, that is it will be smaller. The operations below exemplify this. (-30).(+10)=(-
30) (-30)<(-3) (-5).(+10)=(-50) (-50)<(-5) (S3)

e) this statement is correct. But sometimes it can be wrong. E.g the correct ones: (+).(+).(+)=(+) those
that are never correct: (+).(-).(+)=(+) f) this statement is never correct. E.g.

an incorrect one:(+).(+).(+)=(-) a correct one: (+).(+).(+)=(-) g) this statement is correct. A correct one

(+)-()=(+) (57)

I think what Ahmet says is correct because as it is seen in the figure, d and e are lines that are drawn
parallel to each other, and these lines are parallel to each other. | think Ahmet is on the perfectly correct
line of thought. My view is that the angle of this line e is equal to the angle of lined (S7)

...another of its angle is 1280 which is its opposite angle of 1280 on angle d. And the opposite angle of
angle 1280 on line e ... it is angle 520 on line d which is the alternate exterior angle of the angle on line e.
(S8)

The ladder that is presented in the diagrams is given as a rectangle and its opposite two sides are equal.
All of its angles are 900. The one in diagram B is given as a triangle and a trapezoid. And the one in
diagram C is given with one rungs being parallelogram. (S8)

This parallel line is 180°. It turns out to be 52° and 128°. And a perpendicular line is 90°. (S21)
...because their angles are the same, I found the answer to be parallelogram. (S24)

If the laboratory’s temperature dropped from 14 c° to -22 ¢° then we need to first find how much it drops
in 9 hours. We will find it by doing (+14)-(-22). (+14)+(+22)=36 c° dropped in 9 hours. We need to find
how much it dropped in 1 hour so that we can find 5 hours. Then; (+36):(+9)=+4 dropped in one hour.
We are going to find how much it is at the end of 5 hours.(+4).(+5)=20. Now let’s find its temperature. If
the room temperature is 14 c® we find the answer as (+14)-(+20)=(+14)+(-20)=-6 ( S2)

First if we start by explaining these operations; first Ali equalized the numerators without converting this
operation to an improper fraction and then did the operation. As for Ayse ..later equalized the
numerators and did the subtraction operation. And Ahmet first equalized the denominators... now
according to this, it is Ayse who did the correct operation because Ayse, as I mentioned above, first
converted the operation into an improper fraction ... if we were to show the operation as an example; (I
mean in my opinion)...(S7)

The figure 2/3 is half of figure 4/6. In this way, figure 4/6 is two times 2/3. For equality in a rational
number, the numerator and the denominator should be multiplied by the same number. (S8)

5+12=17 Trabzonspor, 1+6=7 Besiktas...5 people do not support a team (S16)

I don’t think they are equal. (2x°) is in parentheses. In this case, a change can occur. If we open this up; it
means multiplying 2 three times. | mean it is 2x.2x.2x. The result of these operations is(2x)*=8x>. In this
case, it would be 8x%£2x® (52)

When measuring the short side of the book with an eraser, when it is placed tip to tip 3 times it would be
3x. | mean, it would be =x+x+x+6. 6cm would be left. If it is added 5 times, | mean it would be
=X+X+x+Xx+x-2. And 2cm would be extra ..X+X+x+6=3x+6  x+x+x+x+x-2=5x-2 and from this, the
equation 3x+6=5x-2 emerges. (S7)

x+9=30 now I'm going to explain the computation I gave above. Now in one city, there are two towns. In
the 1st town, there is virus x; in the other town, there is no virus. The numbers in the 1st town want to go
to the other town ...while crossing over, it gets caught by the military police. The military police asks
where it is going. +9 answers. Then, the military police says to +9 that if it wants to cross over, it needs to
change its sign. +9 accepts, and crosses over as -9. Now, if we do the operation; x+9=30 x=30-9
S={21}. And -9 will have freed itself from the virus. (S7)

If one of the two quantities is increasing and the other is also increasing at the same rate or if one is
decreasing while the other is also at the same rate... this is called direct proportion. If we give an example
from daily life: a driver ...because one increases and ...this is called direct proportion. Reciprocal
proportion... when one of the quantities increases and the other does at the same rate ... if one is
decreasing, while the other is increasing at the same rate, this is called reciprocal proportion. If 10
workers construct a building in 40 days, how many days will it take 7 workers to build it? (S8)

(2x)® and 2x algebraic expressions are equal to each other because the results are the same. When its
square is multiplied, it gives a correct result. 2.6=6 3.2=6 6.6=36 (521)

If x unit square increases by 3, the side of the square increases by 3 units... the result is 18. 3x3x3x3=18
(S24)

It is not equal because one of them is within parentheses and one of them is out of the parentheses. That’s
why they are not equal to each other. (527)
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As presented in Table 4, the explanations that S8, a level C student, wrote for activity 2 at the beginning of
the study were not comprehensible nor clear. S8 wrote more explicit, clear and comprehensible statements in the
activities further on in the study. S8 was able to explain ratio and proportion by giving examples in activity 24
implemented toward the end of the study. It was observed that level C students generally made explanations at
the beginning, during and end of the study. However, even though these explanations were not explicit and clear
at the beginning of the study, towards the end of the study they were more explicitly, comprehensible, and clear.
Even though some students at this level produced irrelevant explanations in the activities at the beginning of the
study, they stopped doing so in the activities implemented towards the end of the study. In the explanations S8
wrote for activity 1 at the beginning of the study, s/he noted the triangle, trapezoid and parallelogram, which are
irrelevant to the topic of the position of the lines with respect to each other. Even though this student produced
irrelevant explanations to the questions in activities 2 and 6, she stopped writing unnecessary and irrelevant
explanations in writing activities at later stages in the study. Some of the students at this level wrote explanations
based on their visual perceptions. Even though some of the students’ explanations were wrong, they made effort
to establish an association with mathematical knowledge. In activity 2, based on his/her visual perception, S14
wrote, “What Ayse says is correct because lines d and e will not overlap no matter how much they are
extended.” When the teacher asked S14 why the lines did not overlap, s/he answered by saying, “teacher, they
seem to be parallel.” Some of the students were observed to have internalized what they wrote at the beginning
of the study and did not produce conflicting explanations towards the end of the study. To illustrate, in activity
14, even though S8 wrote that 4/6 was two times 2/3, at a later stage s/he noted that the numerator and
denominator needs to be multiplied by the same number for rational numbers to be equal. These two
explanations are the opposite of each other and shows that the student had not internalized what s/he had written.
Similar errors were identified in later activities in the responses of the same student.

As can be observed in Table 4, it was revealed that although level D students produced irrelevant
explanations in some of the activities, they stopped producing irrelevant explanations in the activities towards
the middle and end of the study. In activity 2, S21 wrote an irrelevant response, in fact, ‘perpendicular line’
instead of ‘right angle’ and ‘parallel line’ instead of ‘straight angle’, as shown below. However, the student did
not produce such explanations in activities implemented towards the end of the study. In activity 18,
implemented somewhere around the middle of the study, S6 added all the numbers s/he saw while writing
his/her response. Toward the end of the study, even if the students wrote inaccurate statements like S21, they
tried to associate what they wrote with mathematical knowledge.

As presented in Table 4, the students at level E were found to have produced explanations that were not
sufficiently explicit, comprehensible, and clear. S24 provided a wrong answer to the question in activity 2, one
of the first activities of the writing activities used as a data collection tool. The response written by S24 shows
that it does include sufficiently explicit, comprehensible, and clear statements for the readers to understand. S/he
wrote irrelevant explanations because in the topic of angles in lines, parallelograms were not mentioned at all.
The response produced for activity 20 by S24 was not only worded wrongly but also lacked detail and sufficient
explanation. To answer the questions, the students at this level produced explanations based on their visual
perceptions. To illustrate, in the response S27 gave to activity 19 toward the end of the study, s/he produced an
explanation in which no mathematical calculation was done but was based on visual perceptions based on the
position of the parentheses.

3.1.1. The Means of the Scores the Students Received from the Theme of ‘Features of the Explanations’ on the
ASR

The means of the scores the students received from the ‘Features of the explanations’ theme are presented in
Figure 20. Prior to the assessments, the activities were grouped into 3 depending on at which stage of the study
they were to be implemented: activities 1-8 (1 and 8 included) at the beginning of the study, activities 10-17 (10
and 17 included) during the study, and activities 19-26 (19 and 26 included) at the end of the study. Activity 9,
which fell between the activities at the beginning and those during the study, and activity 18, which fell between
the activities during the study and those at the end of the study, were not included.

4.00
3.00
2,00
1.00
0.00
A(3%) B(55) C(108) D(2%) E(108)

At the beginning During At the end

Figure 5. The means of the scores the students obtained from the theme of ‘features of the explanations’ on
the ASR
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As can be observed in Figure 5, there are no significant differences between the scores that students at levels
A and E received at the beginning, during, and at the end of the study. It was revealed that there was an increase
in the means of the scores received by the students at levels B, C, and D at the end of the study. It can claimed
that the most unsuccessful students in the theme of ‘clarity of mathematical explanations’ in activities across all
stages of the study were those in group E. Moreover, a difference was observed between the mean scores of the
students, who were grouped according to their levels of achievement, in the activities across all stages of the
study (beginning, during, and end).

3.2. Findings Regarding the Theme of “Using Mathematical Language”

The codes that emerged under the theme ‘using mathematical language’ after analyzing the written responses
given in the activities by the students, who were grouped according to their academic achievement levels, are
presented in Table 4. The table presents information regarding from which students’ responses the codes
emerged and at which stage of the study the codes were observed in the activities.

Table 5. The students within the codes formed under the theme of the use of mathematical language

Using Using Using Using unique  Being aware of
§ mathematical mathematical mathematical mathematical the different
9 symbols words figures words and symbols used
symbols
o Az S1,S2,S3 S2,51, S3 S2,581,S3 -
= > Bs S5, S7, S33 S6,54 S33, S5 S33
%é Cuo S9, S10, S11, S12, 89 S14, S12, S9 S31, S9, S14,
S o S8, S14 S12,S34 e
2 ;‘E_ Dy S15, S35 S21,S35, S20 S18 S18, S22
E ©  Eyp S32, S27 S27, S25 S25, S23 S32
Ag S1, S3,S2 S2,8S1,S3 S1, S3,S2 S3 S3,52,S1
2 Bs S33, S4, S7 S7,S6, S26,54 S33, S6 S5, S4 S6,54 S5, S33
> Cu S9, S34, S10 S11, S9, S14, S9, S12,S14 S10, S9, S13 S14, S10, S9,
Z 2 S10, S34 S31, S11, S8
a Dg S19, S16 S20, S18, S35, S17 S19, S18 520,835,519 -
Eio S30, S26 S24, S27, S25 S25, S23, S24 s30
- Ag S2,S3,S1 S2, 83,51 S2,S1,S3 S1 S2,S3,S1
S Bs S5,S33,S7,54, S5,S33,S7,54, S33,54,S56,S7, @ ------- S4, S7, S33, S6
pi S6 S6 S5
f Cyo S9,S34,S31,S12, S13,S8,S34, S31,S8,S10,S12, - S9, S10,S14,
© S10, S13,S14 S10, S9,511,S14 S11, S13,S14 S12, S31, 89
g Dg S20, S18, S22 S20, S21, S15, S20, S21,S16,  S15,S22,S16 --------
@ S22, S18 S17, S22
= Ein 528, S32, S25, S26, S30 S27, S30, S28, S32 S26,S524 -
< $30 $24,537

As can be observed in the code of using mathematical symbols in Table 5, the students at all levels used
symbols. The use of words by level E students is limited. There is no significant increase in their use of words.
Even though the use of mathematical words by level D students is not at the expected level, it is more intensive
when compared to level E students. The use of mathematical words by level B and level C students increased in
time. As for level A students, they used mathematical words at the expected level at the beginning, during, and at
the end of the study. With respect to the code titled ‘drawing mathematical figures’, it was revealed that level E
students did not draw a sufficient amount of figures. Level D students showed a noticeable degree of progress in
drawing figures. Level B and level C students drew figures more intensively towards the end of the study. Level
A students produced drawings of figures at every stage of the study. In terms of the code titled ‘using unique
words and symbols’, students at levels D and E are observed to have used unique words and symbols. However,
there was no increase in the intensity of their use of these words and symbols. Moreover, even though the
students at levels B and C had used unique words and symbols at the beginning of the study, they did not
continue doing so toward the end of the study. Among level A students, apart from one student, use of unique
words was not observed. As regards the code titled ‘Using different symbols’, it can be maintained that the
students at levels D and E are not aware of the use of different symbols, while those at the other levels are.

Sample quotations from the students’ written responses to the activities in relation to the theme of ‘using
mathematical language’ are presented in Table 6.
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Table 6. Samples from student responses under the theme of ‘use of mathematical language’

T Act
3 No Sample Responses
A 2 /), “parallel line”, “intersecting line”, “perpendicular line” and “overlap” “parallel”,
“corresponding angle”, “opposite angle”, “alternate interior angle”, “alternate exterior angle”,
“intersection” (S1
“parallel line”, “intersection”, supplementary angle”, “intercept” (S3)
> (_,;;':’;__..j.”:. >
© ¥ /
2 4
$ & et (82)
S 3+~ “positive”, “negative”, (+).(+)=(1), (+).()=(+), (-)-(+)=(), ().()=(+) (S1)
G 8  Red piece (-1) (S1)
E) B 1 “parallel”, “intersection” and “perpendicular intersection” (§33) “triangle” “parallel” (S7)
E 2 “intersection”, “alternate interior angle” ve “alternate exterior angle” (S33)
E’ 6  “numbers with (-) sign” (S33)
o C 1 “rectangle”, “triangle”, “trapezoid”, “parallelogram”(S8) “parallel”, “line” “line segment” (S12)
=
E 2 “angles’ parallel” (S8) “alternate interior angle”, “alternate exterior angle”, “corresponding

angle” (S9)
Colliding lines, if two lines collide at the end points, this is a colliding line.(S14)
“Since the opposite angle of 60° is crosswise, that point would be 60°” (S34)
6  There are numbers that decrease when multiplied by 10. These numbers are negative numbers
because when we multiply minus and plus, the result is negative. (S14)

D 4 “positive”,” negative” (S20)
A 10 “operation priority”(S1)
13 ...rational numbers include all numbers. And this means it is the eldest in the family... (S3)
> B 13 “improper fraction”, “numerator”, “denominator”, “whole number”(S7)

S 16  “decimal fraction” (S3)

o C 10 “positive whole number”, “ negative whole number” (S10)

-‘CED 13 “numerator”, “denominator”, “fraction”, “improper fraction” (S34) “numbers with a commas

£ [points]” (S13)

E’ D 17 [ think Ali’s solution is easier than the others'. But the others are difficult and complicated. |
would also do as Ali’s solution ... he must have done it correctly .... But the solution he did is
lengthy. ... he must have done it correctly. But the ones of S6 and S14 are long. (S17)

E 17 And Ayse’s is in a simple form. (S30)
A 20 The circumference: (x+3)+(x+3)(x+3)+(x+3)=4x+12 or it would be 4.(x+3)=4x+12 (S1)

21 “equation”, “equality”, “equation solution”, “unknown” (S3)

(PN .
e r ¢ 2 o
2 £ i
Ayar b = Sm—2 (52)

B 21 “equation”, “unknown”, “solution set” (S7)

22 X, y,a(S4)

'§ 24  “direct proportion ”, “inverse proportion” (S7)

g ( .,-?’ f erny — -II&QLN

5 f ] T :

= L Lo L (S14) = e  (S31)

o 23 “unknown”, “equation”, “cube”, “square”, “equality”, "infinite”, “solution set” (S11)

e 25  “direct proportion ”, “inverse proportion”(S14)

Z D 20 XH+3+x+3+x+3+x+3+x+3=x+15 (S20)

— > S
."-"gif A’ / X E
S <Ti5, (S21)
E 20 “solution”, “correct” and “incorrect” (S24)
22 N =
( 'z
(S32)

25 Direct proportion does the same thing on both sides. (S24)
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As can be observed in Table 6, in activity 2, S1 from level A used the symbol “//” to show that the two lines
were parallel. While writing a response to activity 3, S1 showed to the other students at this level the “+” and “-*
symbols next to the words, positive and negative, and that the results of a multiplication operation between these
could be positive or negative. While writing a response for activity 8, implemented during the study, S1 first
showed each of the negative whole numbers with the symbol “-1”. In activity 20 at the end of the study, S1
calculated the circumference and the area of the square by making the statement below regarding the 3-unit
increase in the side of the square. The student could indicate the circumference of the square in two different
ways by using symbols. A student at this level, S1, intensively used the words “parallel line”, “intersecting line”
and “perpendicular line” in relation to the topic in the first activity of the study. This student also used the word
“overlap”. While writing an explanation in activity 2, S1 used the words “parallel”, “corresponding angle”,
“opposite angle”, “alternate interior angle”, “alternate exterior angle”, “interception”. Different from the other
students, S1 used the mathematical word “operation priority” in activity 10 implemented during the study.
Examples of the mathematical words that S3 used in the first two activities on lines and angles are “parallel
line”, “interception”, “supplementary angle”, “intercept”. Even though these were early stage activities, the
student is observed to have used mathematical words. In activity 21 toward the end of the study, S3 used the
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words “equation”, “equality”, “equation solving”, “unknown” etc.

When the figures drawn by the students were examined, in activity 2, S2 stated that lines d and e were
parallel to each other and that no matter how much they were extended, they would not intersect. S2 drew a
figure in activity 22 toward the end of the study. Apart from S3, no student at this level was observed to have
used unique words. As for S3, while writing a response to the question in activity 13, s/he used the expression
‘the eldest of the family’ to refer to the rational number set to indicate that it included rational numbers, whole
numbers and natural numbers.

As indicated in Table 6, S33, a level B student, did not use the required mathematical words in the first
activity of the study. However, it was observed that the study used the words “paralle]”, “intercept” and
“perpendicular intercept”. In activity 2., the same student used the words “intersection”, “alternate interior
angle” and “alternate exterior angle”, and in activity 6, s/he wrote the expression “number with (-) sign” instead
of “negative whole numbers”. However, in activity 16, implemented during the study, S33 mentioned “decimal
fraction” with the correct usage. Similarly, S7, again a level B student, used an irrelevant word — “triangle” —
in the first activity of the study. However, s/he also used the word “parallel”, which was relevant to the topic.
The student did not use irrelevant words in the other activities. While writing a response in activity 13,
implemented during the study, S7 used the words “improper fraction”, “numerator”, “denominator”, “whole
number”. While writing responses to the questions in the activities toward the end of the study, the same student
frequently used topic-related words, such as “equation”, “unknown”, “solution set”, “direct proportion”, and
“inverse proportion”. S4, another level B student, stated that such letters as x, y and a could be written in place of
an unknown and then continued to state that letters y and a would bear the same meaning as x. The fact that the
student mentioned that y and a would bear the same meaning as x, which is used more frequently for unknowns
may indicate that the student is aware of the use of mathematical symbols.

As indicated in Table 6, in activity 1 at the beginning of the study, S8, a level C student, used words that
were irrelevant to the topic, namely “rectangle”, “triangle”, “trapezoid” and “parallelogram”. In a later activity,
while writing about parallelism between lines, s/he stated that the “angles are paralle]”. However, no such
incidences by this student were encountered in the other activities. Even in activities where the student produced
wrong answers, s/he did not use irrelevant words. When compared to the students with a low and very low level
of academic achievement, level C students were found to be using mathematical words more intensively in the
initial activities. To illustrate, in the initial activities, such mathematical words as the following were used:
“parallel”, “line”, “line segment”, “alternate interior angle”, “alternate exterior angle”, “corresponding angle”
etc. In the activities implemented during the study, again there was more intensive use of mathematical words
when compared to the students with low and very low levels of academic achievement. Such examples of words
are “cross multiplication”, “positive whole number, “negative whole number”, “numerator”, “denominator”,
“fraction”, “improper fraction” etc. In the activities at the end of the study, again there were uses of
mathematical words: “unknown”, “equation”, “direct proportion”, “inverse proportion”, “cube”, “square”,
“equality”, ”infinite”, “solution set”. The students at this level were also found to have used unique words at the
beginning of the study. In activity 1, S14 used the unique term “colliding line” instead of intersecting line. Again
the same student used the unique expression “numbers with (-) sign” instead of negative numbers in activity 6.
S13 used “numbers with commas [points]” instead of decimal numbers in an activity implemented during the
study. In activity 2, S34, a student at the same level, established an association between the words “opposite
angle” and “crosswise” to explain the concept of opposite angle. However, in later activities, no such incidences

were observed.

As indicated in Table 6, in activity 4, S20, who was a level D student, preferred to use the words “positive”
and “negative” instead of “+” or “-“ . The students preferred to use words rather than symbols. In activity 20
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toward the end of the study, even though S20 used the symbols accurately, s/he arrived at the wrong answer in
the operations between these symbols. While the student added the numbers in this activity, s/he did not add the
X variable. It was observed that was an increase in the figures drawn by level D students. However, sometimes
they did not establish an association between the question and the figure. In activity 22 toward the end of the
study, S21 established an association with one of the figures, but could not with the other. Although, in the
picture on the left, the student showed that the measurement of the short side of a book fell 6 cm short when
measured with an eraser by flipping it is placed tip to tip three times, in the picture on the right, s’/he was not
able to show that 2cm was left over when the eraser was flipped over sideways five times. When the writing of
level D student writings were examined with respect to the code of ‘being aware of using different symbols’, it
was observed that S17 had not mentioned the representations in activity 17, which was related to different
representations of rational numbers. This shows that the student made interpretations by looking at the solutions
of the questions in the activity.

The use of words by level E students was limited and there was not much variety in the words level E
students used. The words used by the students while writing responses in the activities generally consisted of
words that were used to express the questions on the worksheet. The students at this level were observed to have
used irrelevant words at the beginning of the study, and there was not much progress in the use of mathematical
words. For example, toward the end of the study in activity 20, in which a lot of mathematical words could be
used, S37 hardly used any mathematical words. Similarly, another student at the same achievement level only
used the words ‘solution’, ‘correct’, and ‘incorrect’ in the same activity.

Some of the level E students were did not draw any figures, while some of them did so but did not associate
them with the activity. The figure drawn by S32 in activity 22 toward the end of the study is presented in Table
6. The student merely tried to draw a picture of a book. Some of the students at this level used unique words. To
illustrate, in activity 25, implemented toward the end of the study, S24 wrote, “a direct proportion does the same
work on both sides.” Even though the student had made an inaccurate explanation, while one of the two
quantities decreased, the other increased. To explain that rule that one increased as the other increased as well,
the student used unique expressions. Similarly, as observed in the example in Table 6, S30 explains the operation
of the conversion into improper fraction with the word “simplicity” in activity 17.

S5, a level B student, was observed to be aware of different symbols. In activity 14, S5 stated that the
numbers 6/9, 18/27, and 54/81 were equal to the rational number 2/3. Similarly, in activity 17, the same student
stated that improper fractions and mixed fractions could be expressed in terms of whole numbers and proper
fractions. S33 and S4, who were at the same achievement level, also gave similar responses to the same
activities. In activity 22 toward the end of the study, S4 stated that symbols ”y” and “a” could be used with the
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same meaning as “x”.

In activity 8, S14, a level C student, wrote (+12):(+2)=(+6) as the representative model. Here, the student did
not take into consideration that the red pieces needed to represent negative numbers. In activity 19 toward the
end of the study, the same student stated that the expressions (2x)* and 2x® were not the same: “in the first one, it
says ‘cube the parenthesis’ and 2x* says only ‘cube it’. That’s why both of these are equal.” The student was
found to have used the symbols accurately. S14, a level C student, drew a parallelogram in the first activity and
wrote an explanation next to the figure: “the parallel is equal to the line, that is, to this figure because they lie
horizontal to each other, it is a parallel line.” However, the student could not establish a sufficient association. In
activity 18, somewhere in the middle of the study, the same student drew circles and wrote the fractions within
this circle. However, s/he placed the 5 people in the problem that did not support any team in the circle as well,
just like s/he did with the fractions. The student used the fractions and number 5 with the same logic. However,
fractions such as 5/12 and others that were given in the question was in the form of students’ 5/12. That is, it is
not the same as what the whole number 5 expresses. The student is seen here to have tried to establish an
association by drawing a figure. However, s/he was not able to do this at the expected level. In activity 22 toward
the end of the study, the same student drew the picture presented in Table 6. In this picture, the student has
drawn a figure to establish an association between the question and itself. Similarly, in activity 22, S31, a student
at the same level drew the picture depicted in Table 6. Different students at a low and very low academic
achievement levels, the student, who added the eraser 3 times and 5 times on different but equal sides of the
same figure, has has been able to show in this picture the falling short and being too long in the two cases,
respectively.

In activity 4, implemented at the beginning of the study, S17, a level D student, did not use any symbols.
Instead, s/he used words to make his/her explanations. Some of the students at this level were found to have used
words within the same topic interchangeably. For example, they used the word “corner” instead of “side”, the
word “angle” instead of “angle measure”, and the word “perpendicular line” instead of “right angle”. However,
toward the end of the study, this kind of word usages were not observed.
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Level E students used symbols. However, the way the symbols were used were inaccurate. They could not
associate mathematical content and the symbols accurately. Students at this level generally used the symbols
they learned in the previous years more accurately. They rarely used the new symbols (X, y etc.) they learn.
Moreover, there were errors in the use and operations of the variable symbol. For example, S25 could not
identify the difference between the variable symbol x and the numbers. Adding “x” and the number “3”, s/he
wrote the answer as “4x”. Similarly, s/he added “x” and “4” and wrote the answer as “5x”. The student could
not identify the difference between the numbers and symbols.

3.2.1. The Mean of the Scores the Students Received from the Theme of ‘Using Mathematical Language’ on the
ASR

The means of the scores the students received from the Theme of “Using Mathematical Language” on the
ASR are presented in Figure 6.

4.00
3.00
2,00
1.00
0.00
A(GS) B(3S) C(l08) D985 E(I0S)

At the beginning During Af the end

Figure 6. The means of the scores the students obtained from the theme of ‘use of mathematical language’ on
the ASR

As depicted in Figure 6, even though there is a difference between the mean scores of the level A and E
students at the beginning and during the study, there is no distinct difference between the mean scores at the end.
This could indicate that writing activities do not distinctly develop the use of mathematical language of the
students in the very low academic achievement group.

It is also observed in Figure 6 that there has been a distinct increase in the means of the scores of the students
at levels B, C, and D received at the beginning, during and at the end of the study. Hence, it can be deduced that
writing activities contribute to the use of mathematical language of students whose academic achievement levels
are low, average, high or very high.

Finally, according to Figure 6, in the theme of ‘use of mathematical language’, the most unsuccessful group
across all stages of the study can be said to be the group with a very low academic achievement level.
Furthermore, it was observed in the activities implemented in all stages of the study (beginning, during, end) that
there were differences between the mean scores of the students who were grouped in accordance with the
achievement levels. Thus, it can be claimed that the mathematical language these students used varied in
accordance with their academic achievement levels.

3.3. Findings Regarding the Theme of “Mathematical Algorithm and Calculations”

The written responses given in the activities by the students, who were grouped based on their academic
achievement levels, were analyzed under the theme ‘mathematical algorithm and calculations’ and the codes that
were established during this analysis are presented in Table 5. During the presentation of the findings, the
expressions 'forming algorithms’ and 'making calculations’ were used. ‘Forming algorithms’ refers to all the
processes intended to be made while providing a response in an activity and ‘calculations’ are the operations
done during these processes. Thus, when providing a response in an activity, initially algorithms are formed and
then calculations are done. In an inaccurately formed algorithm, even if calculations are correct, the required
answer might be wrong.

As can be observed in Table 7, with respect to the code of ‘making calculations that are incomplete,
irrelevant or based on visual perceptions’, level E students were found to have made calculations that were
incomplete, irrelevant or based on visual perceptions in all stages the study. As for level D students, though not
as much as level E students, they were also found to have made incomplete and irrelevant calculations in all
stages of the study. Progress was observed in the calculations made and algorithms formed by level C students,
whereas no progress was observed in level A and level B students.

In terms of the code ‘being able to develop a different algorithm and calculation method’, it was observed
that apart from one student, none of the level E students had used a different algorithm or calculation. Similarly,
a limited number of level C and level D students had used different calculation and/or algorithm; however, use of
different algorithms and calculations was observed in the responses made by level A and level B students in the
activities implemented during and at the end of the study. As presented in Table 7, only two students checked the
accuracy and rationality of the result they had found.
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Table 7. The students within the codes formed under the theme of mathematical algorithm and calculations

— Making calculations that are Being able to develop Evaluating the solution
% incomplete, irrelevant or different algorithm and (checking the accuracy and
- based on visual perceptions calculation methods rationality of the solution)
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There are hardly any insufficiencies in the calculations made by level A students. Moreover, the calculations
made by these students in all stages of the study are not irrelevant nor based on visual perceptions. For example,
in activity 12, S1 did the calculation depicted in Figure 7 below:

5 A= 5 >IN [3: |
(% 4;;% 13 ) Geg)l a1 D =F)
1 S1cad St Siemeas S "1;:.— By o= seat
(z :.cSU-\._ (,7)) v ( 5)= (_9_) et ' -
s CDa (5)= @3 (M2)+(5)= (+18)
7 (+3) y (s)= (+&)
+9 + (5)= (+=13)

Figure 7. A response by S1 produced during the study

It can be observed in this picture that the student has shown that there was a 5 degree drop in temperature
every half hour and has tried to find the initial temperature based upon the (-7) degree temperature, which was
formed at the end of 3 hours. When making the calculation, the student added 5 degrees to the final temperature.
Hence, there was a deficiency in his/her calculation. The expected answer was 23 degrees. The students at this
level were able to put forward different solution algorithms. One of these students, S1, used a more practical
solution method by not including mixed fractions into the calculation as they would be larger than the others
instead of equating the denominators of all the rational numbers. The same student also examined the other
numbers among themselves and found the results. S3, another student at this level, stated, while writing a
response in activity 15, that a number line needed to be divided into two to find the place of O before rational
numbers are placed on the number line. That is, the student thought that the exact midpoint between -2 and 2
would be “0”. With the same rationale, s/he found the numbers corresponding to the other points on the line.
Thus, it can be asserted that the students in level A can develop different algorithms to the questions in the
activities.

Even though there were deficiencies in the responses given in the writing activities by level B students at the
beginning, during, and at the end of the study, these were not as much as the deficiencies observed in the
responses of the students at levels C, D, and E. Moreover, the calculations the level B students made were not
irrelevant nor based on visual perceptions. For example, even though the algorithm formed by S4 in activity 3,
implemented at the beginning of the study, was correct, s/he subtracted 21 from 16 and found a wrong answer: -4
instead of -5. In activity 9, the same student could find the non-given term in the first and second list in his/her
response, but could not calculate the term that was not given in the third list. Similarly, while calculating the
circumference of the square in activity 20, implemented at the end of the study, the same student miscalculated
the length of the two sides to be “x+6” and then added “x+6” and “x+6” and arrived at a wrong answer: “x+12”.
However, in the same activity, the student was able to calculate the area of the square accurately. In the ‘ratio
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and proportion 2’ activity, S4 answered the questions accurately by forming an algorithm as follows: “...3 taps
fill a pool in 5 hours. 4 taps would fill the pool in a shorter period of time. While one increases, the other
decreases...it is inverse proportion...” In the activity titled “Equations-2”, implemented at the end of the study,
S4 formed the equation accurately appropriate to the given situation, but did a wrong calculation and found the
unknown number as (-2). The student used the x symbol for the length of the eraser in this response. Therefore,
the result should not have been a negative whole number. The student did not think about whether or not the
result was logical.

Apart from two students, level C students were observed to have made progress in the calculations they did
and the algorithms they formed. To illustrate, in activity 3, implemented at the beginning of the study, S11 found
that the drop in temperature in 7 days would be “-21”, but later formed an inaccurate algorithm and multiplied 21
by 16 instead of subtracting them from each other. The same student could not answer the question in activity 5
due to forming an inaccurate algorithm. In activity 9, even though S11 could accurately calculate the term in the
first and second list given in the question, s/he could not form an algorithm for the third list. This same student
could not form accurate algorithms in activities based on problem solving with whole numbers implemented
during the study and thus could not answer the question. However, in activity 22, implemented at the end of the
study, s/her could form accurate equations to write: “3x+6=5x+2".

Even though some of the level D students formed incorrect algorithms and made inaccurate calculations in
the activities at the beginning of the study, in later stages of the study, only deficiencies in their calculations were
observed. Of these level D students, S18 found that the temperature would drop to 36 degrees, but could not do
the rest of the calculation in activity 11, implemented somewhere in the middle of the study. The student’s
calculation was incomplete. The same student multiplied the algebraic expression “2x” by “2x” and arrived at a
wrong answer: “4x>. Even though the student had multiplied the correct algebraic expressions, the
multiplication operation could not be done correctly. S18 calculated the length of the eraser while solving the
problem in activity 22. To find the length of the book, s/he should have placed this number in the equation.
Hence, there was a deficiency in the student’s solution. In the activity that followed, the same student found the
correct algebraic expression, “x+4”, representing the circumference of the square, but found “x+12” instead of
“4x+12” as the addition of these expressions. The student had done an inaccurate calculation. Similarly, there are
deficiencies in the algorithms and calculations made in the ratio and proportion activities. The students at this
level did not consider whether or not their results were logical. For example, in activity 8, S15 inaccurately
stated the mathematical operation representing the model as (-12) + (-12)=(+24). The student could not consider
that the pieces represented negative numbers and thus the result had to be a negative number.

With respect to the code ‘making calculations that were incomplete, irrelevant or based on visual
perceptions’, in activity 11, S29, a level E student, first found that the temperature difference between -22 and 14
was 36. Then s/he divided 36 into 9 and calculated the temperature for 1 hour. However, the student’s answer
was incomplete since the question asked for the temperature at the end of 5 hours. Even though it was indicated
in activity 20 that a 3-unit increase in in the length of the square would create a new square having a length of
x+3, the same student calculated the circumference of the new square as “3+3+3+3=12". In activity 3, similar to
his/her peers in this level group, S24 made calculations that were based on visual perceptions and thus consisted
of numbers being summed and subtracted among themselves. It was indicated in the activity that the weather
temperature was 16 degrees and there was a drop of 3 degrees each day. The student subtracted 3 from 16 and
found 13. To find the temperature at the end of the 7th day, s/he subtracted 7 from 13 and found the result to be
6. The algorithm used in this response was inaccurate. At later stages in study, in activities 11 and 12, which
were related to constructing and solving problems, the same student did similar calculations. All of the students
at this level of academic achievement were found to have done calculations that were incomplete, irrelevant or
based on visual perceptions across all stages of the study. Moreover, in relation to the code of ‘being able to
develop a different algorithm and calculation method’, a finding was obtained only in the response of one
student among the students at this level. S36 used a different calculation method in activity 3 at the beginning of
the study. The student expressed the decrease in temperature for 7 days by subtract seven items of 3 from 16, the
initial temperature. Apart from S36, none of the students at this level was observed to have used a different
algorithm or calculation.

3.3.1. The Means of the Scores the Students Received from the Theme of ‘Mathematical Algorithm and
Calculations’ on the ASR

The means of the scores the students received from the theme of “mathematical algorithm and calculations”
are presented in Figure 8.

As depicted in Figure 8, there is no distinct difference between the scores of level A (very high level of
academic achievement) and level E (very low level of academic achievement) at the beginning, during, and at
the end of the study. This could indicate that writing activities do not distinctly develop the use of mathematical
algorithms and calculations of the students in the very low academic achievement group.

548



A Comparison of Mathematics Learning Approaches of Gifted and Non-Gifted Students

3.00

2.00

1.00
A(3S) B(3S) C(108) D@S) E(108)
At the beginning Duting  m At the end

Figure 8. The means of the scores the students obtained from the theme of ‘mathematical algorithm and
calculations” on the ASR

It is also observed in Figure 8 that there has been a distinct increase in the means of the scores of the students
at levels C (average level of academic achievement) and D (low level of academic achievement) received at the
beginning, during and at the end of the study. Hence, it can be deduced that writing activities contribute to the
use of mathematical algorithms and calculations of students whose academic achievement levels are low or
average. Moreover, as can be observed in the figure, it can be stated that there has been no distinct increase in
the means of the students at level B (high level of academic achievement).

Finally, according to Figure 8, in the theme of ‘mathematical algorithm and calcuations’, the most
unsuccessful group across all stages of the study can be said to be the group with a very low academic
achievement level. Furthermore, it was observed in the activities implemented in all stages of the study
(beginning, during, end) that there were differences between the mean scores of the students who were grouped
in accordance with achievement levels. Thus, it can be claimed that the mathematical algorithms and calculations
these students used varied in accordance with their academic achievement levels.

4. Discussion and Conclusion

Even though there are numerous definitions and dimensions of cognitive development, the present study
addressed three different themes: (1) features of the student explanations, (2) use of mathematical language, and
(3) mathematical algorithms and calculations. The students’ cognitive developments were analyzed under these
three themes.

The students were categorized into five groups based on their academic achievements: very high (A), high
(B), average (C), low (D), and very low (E). It can be maintained that writing activities had a positive impact on
the explanations of students at levels B, C, and D in terms of their scores earned from the first descriptor of the
analytic scoring rubric (ASR), namely “clarity of the explanations.” No significant development was identified
in the students in the other achievement groups. Similarly, based on the qualitative findings under the detailed,
clear and comprehensible code of the theme titled “features of the explanations”, it was revealed that the clarity
of the responses of the students at levels B, C, and D improved and they made more explicit and clear
explanations. Greenes, Ginsburg and Balfanz (2004) stated that with the use of mathematical stories in classes,
there was an increased use of mathematical language and higher quality of mathematical explanations. The
reason why the related result of the present study was partly inconsistent can be attributed to the configuration
and type of writing activities utilized in the present study. Brandenbur (2002) indicated that the use of writing
activities in mathematics lessons is important, but is at the same difficult. According to Brandenbur, it may be
easy to write a response to a question that asks students to explain how they plan to spend their holiday;
however, it is not easy to write about newly learnt complex mathematical concepts. Thus, since the writing
activities in the mathematics lesson in the present study necessitated the use of both writing skill processes and
mathematical content knowledge, students at level E, who did not show progress, may have found it difficult.
Similarly, Akarsu-Yakar and Yilmaz (2017), who conducted a study in which they examined the mathematical
language that 7th grade students used while converting a real life story related to the domain of algebra, stated
that the students with a high level of academic achievement used the written, verbal, and symbolic language
accurately while explaining their statements, whereas the students with a low level of academic achievement
experienced difficulty while forming symbolic statements and making explanations. In a study by Ozkan (2019),
in which writing activities were used with 6th grade students in the topic of area measurement, it was revealed
that the clarity of the explanations made by the students in the lower achievement group increased over time, but
the deficiency in the way they expressed their statements could not be remedied, so they continued to write about
irrelevant topics. Moreover, Yalvag (2019), who conducted a qualitative study to examine the skill of using the
mathematical language, which included the ability to use written formal language as a sub-dimension in the
learning domain of algebra, it was identified that 8th grade students’ use of mathematical language was not at a
sufficient level.

In terms of the code of inconsistencies among different explanations made on the same topic and between
explanations and mathematical operations, which was examined under the theme titled “features of the
explanations”, it can be stated that writing activities had a positive impact on students with an achievement level
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of C or D. In other words, it can be claimed that writing activities enabled students at these levels of achievement
to reflect on what they have written and internalize their explanations in the course of time (King, Raposo &
Gimenez, 2016; Pugalee, 2001; Seto & Meel, 2006) because in the beginning, students produce superficial
responses, but at a later point in time, they write responses by establishing a connection between the question
and mathematical knowledge. Phillis (2020) stated that it would not be easy for students to produce writings
relevant to a topic that they could not understand, but that writing could help students to organize their ideas.
Accordingly, the fact that the students at levels C and D did not write irrelevant and conflicting opinions toward
the end of the activities in the present study is an indication that these students started to gain a better
understanding of the topics.

With respect to the code of ‘supporting explanations with examples’, it was revealed that the students at level
E had not produced any examples to their written explanations. On the other hand, the students at the other levels
of achievement, particularly levels A, B, and C, were found to have produced examples to support the
explanations they had made. In writing activities they implemented with 8th grade students, Shield and Galbraith
(1998) could observe very little development in students’ writings. The students continued to write in the same
way as they did so at the beginning. For example, the explanations of the students who did not produce
comprehensive explanations at the beginning were still limited toward the end of the activities, and the students
who did not provide examples at the beginning continued to avoid giving examples at later stages. Moreover, the
students’ preferences were more toward writing mathematical operations as opposed to producing expository
writings. This could be attributed to the lack of intensive writing implementations by the teachers in the study
because even though the research was conducted over a long period of time, the number of writing activities was
not high. However, for development to occur, intensive writing activities need to be done because as stated by
Vygotsky (1987), writing is different from speaking in all respects and requires a high level of abstraction.
Consequently, for development to occur, an intensive and a long-term writing activities is essential (Herrick,
2005; Ozkan, 2019).

Based on the analysis of the scores earned from the second category of the ASR — ‘use of mathematical
words and language’ — by the students, categorized according to their academic achievement levels, it can be
stated that writing activities have a positive impact on the mathematical words and language used by the students
at levels B, C, and D. The qualitative findings of the study revealed that in progress of time, the students at levels
B, C, and D started to use the mathematical language taught in the lessons thanks to the writing activities. This
could have stemmed from the fact that since the students were going to doing writing activities, they may have
paid closer attention to the mathematical words and symbols used in the lessons, and they may have developed
the idea that their teacher would expect more use of formal language. On the other hand, students at level E can
be said to be unsuccessful in undergoing this transformation that can be named as transition to formal
mathematical language.

In terms of the use of mathematical symbols, the first of the codes under this theme, it can be maintained that
writing activities have a positive impact on the use of symbols by students at all levels of academic achievement.
However, the symbols cannot be said to have been used accurately and in the write places. Errors could be
observed in the responses of students within the Level D and E groups. Errors particularly appeared in the use of
the variable symbol. It can be claimed that the higher the level of achievement is, the more consciously the
symbol is used and the more meaningful the use of symbols are mathematically. Yesildere (2010) stated that
symbols were signs that supported mathematical explanations, and that just like it is not sufficient to write the
correct music notes to form the correct melody, so it is not sufficient to establish mathematical thinking by using
mathematical symbols without understanding what they mean.

It was revealed that some of the students at Level D used words within the same area of topic

CEINNTS

interchangeably. To illustrate, they used the word “corner” instead of “side”, “angle” instead of “angle measure”,
“rational number” instead of “fractional number”, “perpendicular line” instead of “right angle” etc. Similarly,
Calikoglu-Bali (2002) also observed in his study that the students had used various words interchangeably. In a
study by Yiizerler (2013), it was reported that 6th and 7th grade students were deficient in the ability to use
mathematical language and that they could not choose the appropriate expressions to while using and explaining
concepts. In the present study, it was revealed that the students at levels B and C did not pay much attention to
mathematical words in the activities implemented at the beginning of the study, but used them more carefully
toward the end of the study. For example, even though in the initial activities, the students uniquely or
interchangeably used some words, such as “the angle are parallel” instead of “the lines are parallel”, “overlap”
instead of “intersection”, “angle” instead of “angle measure”, and “numbers with (-) sign” instead of “negative
integers”, at progressive stages of the study these kinds of uses were not observed. It was identified that toward
the end of the study, the students were writing words appropriate to mathematical terminology and at the
expected level. Moreover, it was revealed that writing activities increased the use of mathematical words of the
students at this level. Solomon and O’Neill (1998) expressed that if students used their own words, they would
focus more on the mathematics topics covered in class. Hence, writing will necessitate students to pay more
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attention to the lessons, even if not in all cognitive levels. Provided that mathematical language is used
appropriately in lessons, it will be possible for abstract concepts to be more easily formed in students’ minds and
new concepts and knowledge to be accessed by students themselves.

Vygotsky (1987) stated that the reasons for writing are more theoretical than the reasons for speaking and
that the act of writing requires analytical behavior which is more conscious and deliberate. Furthermore,
Vygotsky observed that scientific activities carried out by children improved writing, that the internal dialogue
played an important role in the process of writing, that when particularly students communicate via writing, the
words they use are based on the formal (real) meaning of words, and hence, they use more words than they
would to express the same ideas in speech (Albert, 2000). Markert (2019) pointed out that when students
communicate in writing and speech while learning new mathematical concepts, they can convert words into
mathematical symbols. However, in the present study, this was not observed across all academic achievement
levels.

In terms of the code of using figures under this theme, it cannot be claimed that writing activities have a
positive impact on levels A and E students’ skills in drawing figures. The figures drawn by level A students in
all stages of the study were related to the topic and at a sufficient level. Level E students’ drawings of figures
could be observed to have increased toward the end of the study. However, the drawings they made at the end of
the study were not associated with the topic. Furthermore, a linear relationship has been identified between
academic achievement level and students’ act of associating the figures they drew with the topic. The higher the
achievement level is, the more the figures drawn are mathematically meaningful and associated with the
explanations. Accordingly, it can maintained that there is a linear relationship between achievement level and the
use of mathematical figures, and that level E students, who could not express in writing their ideas regarding
mathematical concepts and could not present their solutions with models, figures or tables, are deficient in
mathematical communication (Banes, 2017). Kramarski and Mizrachi (2004) have expressed that students at
higher cognitive levels are successful not only in solving real life problems but also in writing the methods of
solution. This finding is consistent with the findings of the present study. Hence, mathematical communication
can be considered a sign of higher order cognitive skills, and a parallel relationship can be said to exist between
the mathematical communication skill and academic achievement level.

According to the last code under this theme, ‘being aware of the use of different symbols’, it can stated that
levels D and E students gave wrong answers in some of the activities because they are not aware of the different
uses of symbols. However, levels A, B, and C students are aware of different symbols. To illustrate, in activity
22 toward the end of the study, a level B student stated that the symbols “y, a” could be used to mean the same
as the “x” symbol. Hence, it could be claimed that there is a directly proportional relationship between
achievement level and having awareness. Similarly, Giirbliz and Birgin (2008) have stated that the higher
students’ levels of education are, the more developed is their ability to make operations by using different
methods of representing rational numbers. However, in their study, they did not examine the relationship

between the use of writing activities and the increase in students’ awareness.

Based on the students’ scores obtained from the mathematical algorithm and calculations component, the
third category on the ASR, it can be claimed that writing activities have a positive impact on the algorithms and
algorithms that levels C and D students establish. Distinct progress could not be identified in the students in the
other achievement groups. Davison and Piarce (1990) argue that if teachers use writing activities frequently and
in a systematic manner (for example at least once a week), student performances will increase significantly.
However, in the present study it was observed that this was not valid for students in all levels of achievement.
Similarly, in a study with 4 students on journal writing with prompts, Baxter et al. (2005) found that writing did
not contribute to students’ mathematical achievement.

In relation to the code titled ‘making calculations that are incomplete, irrelevant, or based on visual
perceptions’ under the last theme formed in the qualitative findings section of the study, positive development
was observed in students at levels C and D in their calculations and algorithms. Reilly (2007) has stated that
because writing is a process that proceeds slowly, the students participating in writing activities gain a better
understanding of mathematical concepts and become more focused on the operations. Thus, within this slowly
proceeding process, cognitive development could be observed in students who do not have a high level of
mathematical performance.

As regards this code, that development could not be observed in level E students shows that writing activities
do not have an impact on level E students’ calculations and formulation of algorithms. Since the achievement
levels of students at this level are very low, they are deficient in the preliminary knowledge and basic skills
needed to produce responses in the activities. Thus, it can be deduced that to be successful in writing activities,
students need to have a sufficient level of preliminary knowledge. Riward and Straw (2000) state that for
effective writing activities in a class setting, students need to possess certain basic skills and share these with
their peers. In addition, Jaafar (2016) has expressed that writing can contribute to the development of higher
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order cognitive skills and enable students to feel more active in the learning process. In the present study, even if
all the students were active during the learning process, it is not possible to claim that their higher order
cognitive skills showed development.

With respect to the second code, ‘being able to develop different structural and calculation methods’,
different algorithms or calculations could not be observed in any of the level E students, except for one student.
This could have prevented the students from focusing on the writing process and developing different solution
methods. Similarly, even though only a limited number of levels C and D students were observed to have used
different calculations and algorithms, in level B students, particularly in activities implemented in the middle and
end stages of the study, the use of different algorithm and calculations is observed. As for level A students, they
were found to have used different algorithms and calculations throughout the study. In a study on the
relationship between problem solving and writing, Kenyon (1989) reported that students were able to notice
different solutions to a problem when they were asked to write about the operations process and their opinions.

As regards the last code, ‘evaluating the solution (checking the accuracy and rationality of the solution)’,
under the last theme, apart from only two students (at level A and level C), none of the students in any of the
achievement levels could consider the accuracy and rationality of the results. Albert (2000) stated that including
writing into a problem solving task would enable students to not just arrive at the correct answer, but also
become focused during the process and thus evaluate the extent to which results are reasonable and logical.
However, in the present study, even though the students were able to become more focused during the process,
they experienced difficulty in evaluating whether or not the results were logical. This could have stemmed from
the fact that the time given to the students for writing was limited. The students experienced difficulty in
completing their writing activities within the class time and even had to continue doing the activity during break
time sometimes. Therefore, they may have not had the opportunity to review and think about what they had
written after completing the activity.

Taking into consideration all the findings, it can be stated that writing activities do not contribute to the
development of level A and level E students’ higher order cognitive skills to create a significant difference, but
have a positive impact on the cognitive development of students at levels B, C and D, and creates a difference in
their writing in accordance with their academic achievement level. The first of these findings conflicts with that
reported by Knipper and Dugger (2006). Knipper and Dugger (2006) claim that writing can be utilized to
increase the performance of students with low levels in mathematics. However, in the present study, it was
observed that writing has limited impact on the cognitive development of students with very low achievement
levels. This could be attributed to the fact that when writing activities are implemented in a class where there are
students of varying academic achievement levels, some of the activities prepared could be, in terms of their
algorithm, above the level of the students with very low achievement levels. What’s more, journal writing was
used in the study of Knipper and Dugger (2006), whereas in the present study, the genre of expository writing
predominated journal writing. Hence, this difference in the findings could have stemmed from the difference the
writing genre. In a similar study by Roskin (2010), in which the effect of writing on mathematics achievement
was examined, the writings were evaluated with the use of a rubric. The rubric scores of 4 students from each
mathematics achievement level —high, average, and low — were compared, and it was found that the change in
the rubric scores of the student group with low achievement was more than that observed in the scores of the
students in the other groups. It may be considered that having only 4 students from each group is insufficient in
being representative of the groups. In addition, in grouping the students according to their achievement levels,
the researcher only used the scores that the students had received in a test they had taken one year before the
study. This may not have been sufficient in grouping students based on their achievement levels.

Even if level E students were claimed to have made progress beyond their actual development level by
receiving their teacher’s and friends’ assistance, these students could not internalize their knowledge by making
use of writing activities. They could not make their explanations more organized, comprehensible, and clear.
These students, who received help from their friends and teacher within a social environment during the
activities, they were unsuccessful in applying and organizing their ideas and opinions independently. Hence,
within ZPP, a new zone in which self-regulatory and self-scaffolding take place (Albert, 2000), it can be claimed
that these students cannot independently apply and organize their opinions regarding mathematical concepts and
thoughts and cannot gain a deep understanding of mathematics. In brief, these students could not pass from ZPD
to ZPP. Even though writing activities are claimed to provide more benefit to students with lower levels of
achievement (Roskin, 2010), writing activities may not be a learning method that students with very low
academic achievement levels can use (Markert, 2019). Similarly, in a study by Block (2005), it was reported that
writing activities could not be an effective teaching method for all students. In this study by Block, students were
not examined in accordance with their achievement levels, but it was reported that even though reading and
writing activities were done in class, there were students who did not make progress.

That level C students made irrelevant explanations at the beginning of the study, but stopped doing so by
producing detailed, clear, and comprehensible explanations at later stages is an indication that these students
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passed on to the ZPP, an zone where these students can self-regulate and self-scaffold. Likewise, that level B and
level C students used unique words and symbols at the beginning of the study but did not do so toward the end of
the study, and that an increase was observed in their use of accurate words and figures toward the end of the
study prove that students at these levels passed from ZPD to ZPP. O’Connell et al. (2005) reported that as
opposed to responses given orally without much thought, writing enables students to test what they have learnt
and organize their thoughts in words, and thus, writing provides students with the opportunity to review their
thoughts via words and make any revisions needed.

That level D students produced irrelevant explanations, used irrelevant words, or expressed mathematical
words inaccurately at the beginning of the study, but started to use mathematical words appropriately and
accurately towards the end of the study shows that these students passed on to a zone where they could self-
regulate. In brief, it can be asserted that these students passed from ZPD to ZPP. In the present study, even
though level E students also produced irrelevant explanations at the beginning of the study but stopped doing so
toward the end of the study; however, because these students did not write detailed, clear, and comprehensible
responses in the activities at the end of the study, it can be claimed that they were unsuccessful in passing from
ZPD, the zone where self-regulation and self-scaffolding take place, to ZPP.

Albert (2000) expressed that Bruner et al. regarded the writing process as the foundation of forming concepts
and a means to cognitive development. Thus, writing-to-learn support students’ learning processes and help them
to construct their knowledge of mathematical thoughts. It encourages students to find their own unique solution
methods, associate these with their own ideas, and develop confidence in solving problems independently.
Similarly, Teledahl (2016) expressed that writing enables students to reconstruct knowledge by using their own
words and is thus a component of learning. However, in the present study, it was revealed that writing activities
do not contribute equally to the development of students at different academic achievement levels. Briefly, the
cognitive development of students at different levels of academic achievement showed variation. In conclusion,
writing activities were found to be of benefit for the cognitive development of students at particularly average or
near-average levels of academic achievement (levels B, C, and D).

5. Recommendations

Teachers who are to use write-to-learn activities in their lessons are recommended to have students with an
average or near-average level of academic achievement to gain maximum efficiency from their lessons.

When the numerous contributions that writing activities have to student learning are taken into consideration,
it is clear that the textbooks used in Turkey should be examined to see whether they also support mathematical
communication. If not, it is important that the deficiencies be remedied because writing-to-learn activities alone
may not be sufficient. Moreover, more place should be given to how to implement writing-to-learn activities
within the mathematics curricula. It is not an easy process, considering that students cannot immediately adapt to
the use of writing-to-learn activities, which enable students to reflect more on what they have written, to be more
focused, and to gain a better understanding of the topic addressed. Hence, it is recommended that writing-to-
learn activities be implemented consistently over a long period of time.

Writing activities provide teachers with enriched and valuable information about what is going on in class.
Hence, primary school mathematics teachers can be informed about writing activities, which are not difficult nor
costly, and enable them to provide effective mathematics education in their classes.

Among a large variety of writing genres, journal writing and expository writing activities were utilized in the
present study. Other studies can address other genres of writing. Development in writing may have an impact on
mathematical speaking and mathematical literacy, which are other elements of mathematical communication.
Therefore, it is recommended that studies be conducted to reveal the relationship between mathematical writing,
mathematical literacy and speaking.
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Appendix 1. Examples of Activities

Equationz—3 I ,ﬁ

Name and surname:

Doate:

Write all your
thouzhts m detail
Write as if you
wera talling a 6th
m grade student.
E’ Dion't worry about

L your thoughts being

b WIOHE.
g Do rmt.-:lp_-lete Ahmet meazures the short side of hus
your mistaks.
Crozs it out. rectanpular book with iz eraser. In the
Tou can use the shape measuremant, when he adds hiz eraser 3 fimes,
tabla. You can zrve an . .
example. he sees that it remams & cm, and when he adds
Do not worry ahout it 5 timas, it 1z 2 cm more. Can you help Ahmet
{ grammmar rules. find out how many cm 1= the short adgs of this
]
Fead what vou wrote book?

before submitting.

MY MATHDIARY - 3

Name and surname: \

Date:

Wrize a lstter to arn absent frisnd that cummarizes eur topic.

Lizt the concepts coversd in the lessons and determine the relationship between them.

Please indicare the difficultiss or problems you encountered regarding the subject.

Whar is the moct imporiant information that you did not now before and that you leavned
after the subjscis wers raught?
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Yazma Uygulamalar Ile Destekli Matematik Derslerinde Ogrencilerin Bilissel
Ogrenmelerinin Incelenmesi

1. Giris
Matematik, giinlik kullanilan dil ile birebir ortiismeyen, kendine 6zgii kavramlari, terimleri, simge ve
sozciikleri olan evrensel bir dildir (Hoffert, 2009). Konusma, dinleme, okuma ve yazma dilin 6geleri arasindadir

(Shanahan, 2006). Dil 6grenirken konusma ve yazma énemli bir iglev gormektedir (Giines, 2013). Matematik de
bir dil oldugundan matematigi anlamada, yorumlamada ve diisiinceyi harekete gegirmede konusmanm ve
yazmanin 6nemi biiyiiktiir (Baki, 2008). Ogrencilerin matematik bilgilerini kendilerinin yapilandirdigi ve
kavramlar1 daha iyi O6grenerek igsellestirdikleri siiregte kullandiklar1 yontemlerden birinin, matematik dilini
karsilikli konugsma ve yazma oldugu ifade edilmektedir (Albert, 2000; Pugalee, 2004). Ancak yazma eylemi, es
zamanli olarak el, g6z ve beyni kullanmay1 gerektirdigi icin diger dil becerilerine gére daha fazla ¢caba gerektiren
bir 6zellige sahiptir (Demir, 2013).

Geleneksel olarak yiiriitiilen matematik 6gretiminde, yazi yazma ve matematik birbirinden ayri olarak
diistiniildiigii i¢in, matematik smiflarinda yazi yazmay1 kullanmak, sira dis1 olarak goriilebilir (Liedtke ve Sales,
2001). Hatta yazi yazmak Tirkge dersiyle, hesaplamalar yapmak matematik dersiyle 6zdeslesmis olarak
diisiiniiliir (Reilly, 2007). Bu nedenle, matematik derslerinde yazma uygulamalarini kullanma siireci hizl
gelismemistir (Herrick, 2005). Applebee ve Langer (2006) yazma uygulamalarinin daha ¢ok fen ve sosyal
bilimlerle ilgili derslerde kullanildigini, matematik derslerinde kullaniminin diigiikk oldugunu belirtmistir.
Yalva¢’in (2019) cebir 6grenme alaninda matematiksel dili kullanma becerilerini inceledigi arastirmasinda,
ogrencilerin matematiksel dil kullanimlarmin yeterli diizeyde olmadigini tespit etmistir. Oysa bir¢ok arastirma,
yazma uygulamalarinin matematik programinda kullanilmasini desteklemektedir (Gibson ve Thomas, 2005;
Meier ve Rishel, 1998; Ntenza, 2006; O’Connel ve ark., 2005; Pugalee, 2004).

Amerika’da ve Ingiltere’de 1960’11 yillarin sonunda baslayan daha sonra Kanada ve Latin Amerika iilkelerine
yayllan “Miifredatta Yazmak” (Writing Across Curriculum [WAC]) projesi ile Ingilizce digindaki diger
derslerde de 6grenme amacli yazmanin kullanilmasi amaglanmistir (Ugurel, Tekin, Yavuz ve Kegeli, 2009;
Keathley, 2018). WAC hareketinin genel olarak basarili oldugunu belirtilmesine ragmen, onun yayilmasinda
beklenmeyen bazi problemlerin oldugunu ifade edilmistir. Birincisi; bazi matematik konularmin yazmaya
elverisli iken bazilarmin ¢ok elverisli olmamasi, dolayisiyla bazi matematik dgretmenlerinin yazmay1 sadece
hikdye problemlerinde kullanabileceklerine inanmalari, ikincisi; resmi olmayan bu yazma c¢esidinde yanlis
yazimlarin, k6tii climle yapilarmin resmi iletisim olarak kullanilmasi fikrinin bazi 6gretmenleri rahatsiz etmesi,
tciinciisti; kalabalikk smiflarda uygulanmasinm zor olmasidir (Fulwiler, 1984). Tim bu zorluklara karsin
Amerika’da yazma etkinlikleri biitiin sinif seviyelerinde kullanilmas1 dnerilmistir (National Council of Teachers
of Mathematics [NCTM], 1989). 1960'l1 yillardan giiniimiize kadar birgok arastirmaci bir konu ile ilgili yazi
yazmanim, o konuyu 6grenmeyi destekledigini iddia etmistir (Galbraith ve Baaijen, 2018). Bu iddia yazmanin
giinliik, serbest, aciklayici vb. farkli tiirlerinin fen, sosyal, matematik gibi farkl disiplinlerde, 6grenme amagh
olarak kullanilmasina neden olmustur (Smagorinsky ve Mayer, 2014). Ancak Smagorinsky (1995) yazmanin
o0grenmeye etkisinin olmadig1 smiflarin oldugunu belirtmektedir.

Matematik programlarinda yazarak oOgrenmeden ilk olarak 1960’11 yillarin sonlarinda s6z edilmis,
1980’lerden sonra yazarak 6grenme iletisim ve 6grenme yontemi olarak kullanilmaya baslanmistir (Johnson ve
Holcombe, 1993; Nagin ve National Writing Project, 2003). 1990’larda birgok iilke miifredatinda (1995 yilinda
Ingiltere ve Galler’de, 1990 yilinda Avustralya’da, 2002 yilinda Giiney Afrika’da), matematiksel sembolizmin
yerine daha fazla sozlii ve yazili dilin kullanimmin tesvik edildigi belirtilmektedir (Ntenza, 2006). Ulkemizde ise
2005 yilinda uygulanamaya baslanan ve 2009, 2015 ve 2017 yillarinda revize edilen matematik dersi 6gretim
programinda, gelistirilmesi hedeflenen temel becerilerden biri iletisim kurmadir. Iletisim becerisinin
gelistirilebilmesi i¢inse, matematik hakkinda yazi yazmak onemli bir etkinlik olarak goriilmektedir (Pugalee,
2001). Bu baglamda, 6gretim programlarinda bir problemin ¢6ziimii ile ilgili ve bir kuralin ne anlama geldigini
aciklamak amaciyla Ogrencilere yazilar yazdrilabilecegi, Olgcme ve degerlendirme amaglh giinlik
yazdirilabileceginden kisaca bahsedilmektedir (Milli Egitim Bakanligi [MEB], 2007). Ancak 6zellikle 2018’deki
Ogretim programinda yazma uygulamalarmin nasil yapilacagina dair yeterli agiklamanin yapilmadig:
goriilmektedir.

Ogrenme amagh yazma, tiim 6grenim seviyelerinde dgretim programlarina dahil edilmesine ragmen, Giinel
(2009) yazma aktivitelerinin {ilkemizde yeterince giindemde olmadigmi ifade etmistir. Ayrica Giinel (2009)
egitim bilimi arastrmalarnin giindeminde olmayan o6grenme amacgli yazma aktivitelerinin, bizler icin
kesfedilmeyi bekleyen yeni olgu oldugunu ve Tiirk egitim sisteminde hedeflenen amaglardan biri olan “bilimsel
okuryazarhigi gelistirme” ve “anlamli bilim &grenmeyi” desteklemek igin, Ogrenme amagli yazma
aragtirmalarinin iilkemiz aragtirmacilarma yeni ufuklar agabilecegini belirtmistir.
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Geleneksel smif ortamlarinda 6grenciler matematik ile ilgili problemleri ¢ozerken islemleri kaydetmek
amaciyla yazi yazmay: kullandigi ve bu siirecte g¢ogunlukla 6grencilerin diisiincelerinin farkinda olmadigi,
problemin ¢oziimii tizerine diisiinmedigi ve ifadelerini zihinlerinde anlamlandiramadig: belirtilmektedir (Fluent,
2006). Bunun yerine tiim smifin etkin olarak katilabilecegi konusmaya gore daha bilingli ve kasti olan analitik
davranisi iceren yazma etkinliklerinin kullanilmasi gerektigi ifade edilmektedir (Jurdak ve Zein, 1998). Yazi ile
birlikte 6grencinin kafasindaki sdzciikler birer imaja (goriintitye) kavustugu i¢in yazili dilin, ses dilinden daha
onemli ve etkili oldugu belirtilmektedir (Ergiin ve Ozsiier, 2006). Ciinkii yazma 6grencilerin diisiincelerini
somutlagtirmaktadir (Quinn ve Wilson, 1997). Ogrenciler yazma uygulamalarinm kullamldigi 6grenme
ortaminda daha aktif olduklar1 i¢cin 6grendiklerini anlamlandirabildikleri, kendi gelisimlerinin ve 6grenmelerinin
farkinda olduklar1 belirtilmektedir (Bolte, 1999). Yazma uygulamalarmm faydalarmm ve bunlarm 6gretim
tizerindeki etkilerinin fark edilmesi egitimciler ve arastirmacilarin bu konuya olan ilgilerini arttirmistir (Ntenza,
2006; Seto ve Meel, 2006). Bugiin pek ¢ok alan egitimi ¢calismasinda yazi1 yazma sadece bir dil becerisi olarak
diisiiniilmemekte ve dil 6gretiminin bir pargasi olarak ele almmamaktadir (Ugurel ve ark., 2009).

Matematik dersinin dgrenilmesi ve 6gretilmesi zor olan derslerin basinda geldigi belirtilmektedir (Yetim-
Karaca ve Ada, 2018). Witzel ve Riccomini’ye (2007) gore akademik basarisi diisiik olan 6grencilerin sayismin
fazla olusu, egitim arastirmacilarmi matematik basarisinin arttirilmasmi amacglayan yeni dgretim stratejileri
iizerinde ¢aligma yapmalar1 yoniinde baski unsuru olusturmaktadir. Matematik programinda yer alan yazma
uygulamalari, 6grenciler arasindaki basar1 farkliliklarini azaltma ve 6grenme ihtiyaglarini tespit etmek icin bir
O0grenme stratejisi olarak goriilebilir.

Ogrenme amach yazma ile ilgili alanyazinda olumlu gbriis belirtilerek, matematik derslerinde kullanilmasi
tavsiye edilmistir (Burns, 2005; Jurdak ve Zein, 1998; Tekin-Aytas ve Ugurel, 2016). Ancak arastirmacilar
yazma etkinliklerini kullanma amaci olarak farkli goriisler ifade etmislerdir. Bazi arastirmacilar dgrencilerin
matematige alg1 ve tutumlarii diizenlemenin bir araci olarak kullanmayi tavsiye etmistir (Atasoy, 2005; Furner
ve Duffy, 2002; Mason ve McFeetors, 2002; Nagin ve National Writing Project, 2003). Ogrencilerin
diisiincelerini degerlendirmek igin alternatif 6lgme degerlendirme ydntemi olarak uygulayan c¢aligmalar vardir
(Baxter, Woodward ve Olson, 2005; Burns, 2005; Miller, 1991; Nie, Yeo ve Lau, 2007). Bir kisim aragtirmalar
yeni kavram 6gretimi i¢in yazma etkinliklerinin arag olarak kullanmay1 6nermistir (Brandenburg, 2002; Burns ve
Silbey, 2001; Cooley, 2002; Fuqua, 1997; Marlow, 2006; MclIntosh ve Draper, 2001; Williams, 2003).
Ogrencilerin iistbiligsel becerilerini gelistirmek igin (Tanner, 2012; Kartalc1, 2018) veya dgretmenlerin dgretim
stiregleri hakkinda bilgi saglamak igin (Atasoy, 2005; Seto ve Meel, 2006) kullanilabilecegi de belirtilmistir.
Ayrica 6gretmenlerin kullandiklar1 yazma uygulamalarinin gesitleri, bu uygulamalarla ilgili olarak 6grenci ve
Ogretmen goriisleri lizerine ¢esitli arastirmalar yapilmistir (Demircioglu, Argiin ve Bulut, 2010; Guce, 2018;
Oztiirk, Oztiirk ve Isik, 2016; Phillis, 2020). Ancak Shield ve Galbraith (1998), yazma uygulamalar1 iizerine
ayrintili ¢calismalar yapilmadigmi belirtmistir. Benzer olarak Herrick (2005), calismasinda 55 tane yazma ile
ilgili arastrmay1 incelemis ve yogun yazma uygulamalarmin yapildigi farkli akademik basarilara sahip
ogrencilerin, bilissel 6grenmelerindeki gelisimlerini inceleyen aragtirmalarin olmadigini belirtmistir. Caligmanin
bu yondeki eksikligi giderecegi diisiiniilmektedir.

Alanyazindaki ¢aligmalarda yazmanin 6grencilerin basarisina etkisini belirlemek i¢in genellikle deneysel
yontemlerin tercih edildigi (Dur, 2010; Frenkel, 2004; Greer, 2010; Kasa, 2009; Pugalee, 2004; Yilmaz, 2015)
ve yazma etkinliklerinin cogunlukla problem ¢ozme siirecinde kullamldig1 (Ozkan, 2019) tespit edilmistir. Bu
caligmalarda, yazma uygulamalarinin etkisi konusunda genel bir degerlendirme yapildig1 ve birbirine zit sonuglar
¢ikmasimni agiklamada yetersiz kaldigi goriilmektedir. Ayrica matematik egitimi ortamlarinin dogasindaki
degisimlerden dolayi, matematikte yazmanin kullanilmasi ile ilgili yeni arastirmalara ihtiya¢ vardir (DiBartolo,
2000). Graham, Kiuhara ve MacKay (2020) farkli tiir yazma cesitlerinin ve Orneklem grubu olarak farkli
seviyedeki 6grencilerin oldugu, 21 deneysel arastirmayi analiz edilerek 6grenme amagli yazma etkinliklerinin
matematik {izerindeki etkisini belirlemistir. Buna gore, 6grenme amagli yazma aktiviteleri matematik dgrenmeyi
orta diizeyde etkilemektedir. Caliymada ayrica incelenen arastirmalardan smirh bilginin elde edildigini, yazarak
ogrenme ile ilgili ayrintili aragtirmalarin yapilmasi gerektigi ifade edilmistir.

Son yillarda tilkemizde matematik egitiminde yazma etkinliklerinin kullanildig1 ¢aligmalara rastlanmaktadir.
Ozkan (2019) caligmasinda 6.smif dgrencilerinin yazdiklar: giinliiklerdeki matematiksel yapilarin zamana gére
nasil degistigini arastirmistir. Karma desen ile yiiriitilen ¢alismanin verileri sadece alan 6l¢gme konusunda 5
haftada toplam 13 ders saati siiresince toplanmigstir. Arastirmada, yazma etkinliklerinin 6grencilerin alan 6lgme
konusunu kavramalarinda etkili oldugu sonucuna ulasilmistir. Calismada yazma etkinliklerinin uzun siireli
olarak planlanmasi dnerilmektedir. Kiigiik (2019) ise Olasilik ve Istatistik grenme alanina ait 13 kazanim ile
ilgili yazma etkinlikleri kullanarak 7. smif 6grencilerinin problem ¢6zme becerisine, matematige yonelik tutum
ve kaygilarma etkisini incelemeyi amaglamistir. Yar1 deneysel desen ile gergeklestirilen arastirmada veriler yedi
haftada toplanmistir. Caligmanin amaci dogrultusunda kullanilan 6lgeklerden elde edilen puanlar arasinda deney
grubu lehine istatistiksel olarak anlamli bir fark oldugu goriilmistiir. Arastirmada yazma etkinlikleri farkli
O0grenme alanlarinda uygulanmasi ve daha derin bilgiler elde edilmesi i¢in nitel arastirma deseninin kullanildig:
¢alismalarin yapilmast 6nerilmistir. Akkus ve Darendeli (2020) Tirkiye’de 2005 ve 2020 yillar1 arasinda,
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matematikte yazma {iizerine yapilan toplam 35 arastirmayi incelemislerdir. Aragtirmalarinda iilkemizde bu
konuda yapilan ¢aligmalarin olduk¢a az oldugunu, en fazla deneysel yontemlerin kullanildigini, sayilar digindaki
konularda yetersiz caligma yapildigini tespit etmislerdir. Ayrica lilkemizde 6grenme amacli yazma aktivitelerinin
genellikle fen egitimi alaninda yapildigmi, matematik egitimi alanindaki caligmalarin yayginlastiriimasi
gerektigini belirtmislerdir.

Bu calisma, alanyazma gore cok daha uzun bir siire olan 14 hafta olarak, nitel desen kullanilarak
tasarlanmistir. Ayrica alt1 farkli {initede hazirlanan etkinlikler ile konu zenginligi saglanmistir. Arastirma,
smiflarinda farkli yazma uygulama cesitlerini ve yazili iletisimi kullanarak matematik 6gretimi yapmay1 diisiinen
Ogretmenlere bir 6gretim yontemi gelistirmeleri igin katki saglayabilir ve etkinliklerini gelistirmede yol
gosterebilir. Derslerinde yazma uygulamalari nasil kullanacaklarina dair bilgiler ve yeni fikirler saglayabilir.
Dolayisiyla caligmanin daha fazla matematik Ogretmeninin derslerinde yazarak Ogrenme teknigini
kullanmalarma imkan saglayacagi diisiiniilmektedir. Ayrica ¢alismanin sonuglarma gore, farkli akademik
basariya sahip 6grencilerin matematik basarilarimi arttirmaya yonelik calismalarda yazma uygulamalarinin nasil
ve hangi gruplara uygulanabilecegine dair fikir verebilir.

Matematik Ogretiminde yiiriitiilen aragtirmalarda farkli teknolojilerin kullanilmasma yonelik (6zellikle
bilgisayar teknolojisi) ¢aligmalara 6nem verilmekte ancak bunlar biiyilk maliyet gerektirmekte ve buna dayali
olarak maddi giicliiklerin ortaya ¢ikmasmna neden olmaktadir (Bellamy, 2017). Ayrica bu teknolojilerin
kullanilmasinda gretmenlerin uzun bir hizmet i¢i egitim seminerlerinden gegirilmesi gerekmektedir (Braine ve
McNaught, 2007). Yazma uygulamalar1 ise ¢ok az bir maliyet gerektiren (kagit masrafi), bir 6gretmen
rehberliginde siniflarda kolaylikla uygulanabilir (Bellamy, 2017).

Yazi yazmanin biligsel boyutu edinilen bilgilerin, duyumlarin ve goriilenlerin siraya konarak zihinsel
islemlerden gecirilmesini ve yorumlanmasmi olusturur (Ipsiroglu, 2006). Bilissel gelisimin de farkli tanimlar

olmasma ragmen, bu tanimlarin ortak 6zelligi biligsel gelisimin zihinsel faaliyet oldugudur (Losike-Sedimo,
2018). Ogrencilerin matematik konular1 ile ilgili yaptiklar1 agiklamalarm niteligindeki gelisim, konu ile ilgili
terminoloji kullanimindaki artis, yaptiklar1 hesaplamalar ve kullandiklar: algoritmalarin dogrulugundaki gelisme
ogrencilerin biligsel gelismeleri ile dogrudan iliskilidir (Baki, 2008). Bu arastirmanin amaci, yazma
etkinliklerinin kullanildig1 matematik derslerinde akademik basarilarina gore ¢ok diisiik, diisiik, orta, yiiksek ve
cok yiiksek olarak gruplara ayrilmis ilkdgretim 7. sinif 6grencilerinin yazili cevaplarini karsilastirmak, bu
etkinliklerin dgrencilerin matematikteki biligsel 6grenmelerine olan katkisini incelemektir. Belirtilen amag
dogrultusunda ¢aligmanin problemi; yazma uygulamalar: ile destekli matematik 6grenme ortamu farkli basari
diizeyine sahip 7. smif 6grencilerinin biligsel 6grenmelerini nasil etkilemektedir? olarak belirlenmistir.

1.1. Arastirmanin Teorik Cercevesi

1980’li yillarda Sovyetler Birligi’'nde, temelinde Vygotsky’nin fikirlerinin oldugu ¢ok yaygm bir sosyal-
pedagojik hareket baslamustir (Kerr, 1997). Vygotsky, bilginin sosyal ¢evre igindeki bireyler tarafindan
paylasildigimmi ve kisinin bu sosyal g¢evre ile etkilesimi sonucunda bilgiyi olusturdugunu kabul etmektedir.
Boylece bireyin biligsel gelisiminde dnemli bir gelisme saglanabilecegi belirtilmektedir (Senemoglu, 2000).
Ogrencilerin kendi seviyesinde veya daha yiiksek seviyedeki dgrencilerle calismalarmin bilissel diizeylerini bir
iist seviyeye cikarmaya yardimci olacagi belirtiimektedir (Gray ve Feldman, 2004). Ayrica Vygotsky’ye gore,
yazili dil, ses dilinden daha onemli ve etkilidir. Yaz1 yazma, iist diizeyde soyutlama gerektirdiginden dolayi,
sozlii konusmadan her yonden farklidir. Ayrica yazma kimseye yonelik olmayan, i¢sel bir konugsmadir. Birey
agiklama yaparken kendi kendine konustugu bir siirecin igerisine girer (Vygotsky, 1985).

Vygotsky’e (1985) gore 6grenenlerin iki farkli gelisme diizeyi vardir. Bunlardan biri olan mevcut gelisme
diizeyinde, bireyin o anki zihinsel isleyisi ve belli konular1 kendi basma 6grenebilme yetenegi yer almaktadir.
Digerinin ise potansiyel gelisme diizeyi oldugu belirtilmektedir. Bu diizey 6grenenin, 6gretmen, anne-baba veya
diger akranlarinin yardimi ile ulasabilecegi seviye olarak tanimlanmaktadir. Bu ikisi arasindaki bolge Vygotsky
tarafindan Yaklasik Ogrenme Esigi-YOE (Zone of Proximal Development) olarak tammlanmistir (DeVries,
2000). Mevcut gelisme diizeyi ile potansiyel gelisme diizeyi arasinda kalan bolge Sekil 1’de oldugu gibi
gosterilebilir.

Potansiyel gelisme diizeyi

O
£ s
o »
5 H
@)

Mevcut gelisme diizeyi
Sekil 1. Yaklasik Ogrenme Esigi
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Albert (2000) Vygosky’nin ortaya attig1 YOE kavramini genisleterek YOU (yaklasik 6grenme uygulamalarr)
kavrammi sunmustur. YOE kavraminda belirtilen, mevcut gelisim diizeyinden akran veya Ogretmenin
yardimlariyla potansiyel gelisim diizeyine gecen Ogrenciler, daha fazla analitik diisiinme yetenegi gerektiren
yazma etkinligini kullanarak disaridan yardim alarak matematik kavram ve fikirleri kendi kendilerine
diizenleyebilecekleri (self scalfolding) duruma gegerler. Kisacasi yazma YOE’den YOU’ya bir koprii gorevi
goriir (Albert, 2000). Albert (2000) YOE’yi genisleterek Sekil 2’de goriildiigii gibi YOU’ya gecisi

sekillendirmistir.
Bilig&tezi Fonksivonun Ortaya Cikmast
Vazmay1 Ofrenme Ozrenmeyi Yazma
YOE N YOU
Diger yardimeilar Kend: kendine yardm

endi kendine
konuzma

T \ | Icsellegtirme
Izbirlilogi sdylem

Sozyal organizasyon Bireyzel diigiince siirecleri

t |

Yar sogyal yéntem

Sekil 2. YOE ile YOU arasindaki iliski (Albert, 2000)

endi kendine
yardim

Eendi kendine
ditzenleme ve uygulama

Ogrencilerin  YOU icinde matematiksel kavramlar ile ilgili diisiincelerini bagimsizca uygulayip
diizenleyebildikleri belirtilmektedir. YOE’den gecerek YOU’ya ulasan ogrencilerin elestirel diisiincelerinin
gelisecegi ve daha derin bir matematik anlayisina sahip olacaklar1 ifade edilmektedir (Albert, 2000). Buradaki
temel diistince sosyal ortamin dili, dilin yazmay1, yazmaninda diistinceyi gelistirdigidir.

1.2. Matematikte Kullanilan Yazma Uygulamalarn

Matematik derslerinde 6grenme araci olarak kullanilan yazma uygulamalarmi smiflandiran net bir ¢alisma
yoktur. Birgok arastirma kullandiklar1 yazma uygulamalarmi tanimlama yoluna gitmistir (Phillis, 2020; Markert,
2019). Aslinda bu tanimlamalar arasinda da kesin ¢izgiler yoktur. Sipka (1992) matematik 6greniminde bir arag
olarak yazmanm kullanimu ile ilgili olarak bir siniflandirma gelistirmistir. Ona gore tiim yazma uygulamalar1
resmi (formal) ve resmi olmayan (informal) olmak tizere iki kategoride toplanabilir. Resmi olmayan yazma
icerik odaklidir. Okuyucu yazarm diisiinceleri ile ilgilidir. Resmi yazmada ise okuyucu yazmanm kalitesine ve
icerigine dikkat eder.

Britton, Burgess, Martin, Mcleod ve Rosen (1975) yazma aktivitelerini, iletisim amagh-resmi yazma
(transactional writing), anlamli yazma (expressive writing) ve siirsel yazma (poetic writing) olarak ii¢ kisma
ayirmistir. letisim amacli-resmi yazma, ikna etmek, bilgi vermek ve gretmek amacli yapilir. Okullarda en
yaygin olarak yapilan yazma tiiriidiir. Yazili smavlar ve resmi yazilar bu tiire rnek olarak verilebilir. Ogrenciler
bir soruya cevap yazarken veya tanim yaparken bunu kullanirlar. Ayrica kitap boliimleri, aragtirma makaleleri bu
kismin icerisinde yer alir. Anlamli yazma ise kisinin igsel sesini ortaya ¢ikaran, resmi olmayan, plansiz, kisisel
bir yazma tiiriidiir. Ogrenciler dzel bir konu ile ilgili duygu ve diisiincelerini dogallik igerisinde yansitirlar.
Giinliikler ve serbest yazma en ¢ok kullanilan seklidir. Arkadasa veya aileye mektup yazmak bu kategori
icerisinde yer alir. Diger bir yazma tiirii siirsel yazmadir. Siirsel yazma okullarda en az kullanilan yazma tiiriidiir.
Burada amag¢ yazmayi sanat gibi kullanmaktir. Yapi, sekil ve stil igerikten daha Onemlidir. Matematik
siiflarinda, verilen matematik kavramlari ile siir olusturma, matematik 6zgegmis yazdirma veya “matematiksiz
bir diinya” baglikli bir kompozisyon yazdirma seklinde yapilan bir yazma tiiriidiir (Lynch, 2003). Hikayeler ve
sarkilar yazma bu tiire girer (Klishis, 2003). Bu kategorilere ek olarak Fulwiler (1984), dordiincii bir kategori
olarak mekanik yazmay1 eklemistir. O, dgretmenin tahtaya yazdiklarinm deftere kopyalama isini bu kategoriye
dahil etmigstir. Bu yazma tiirtinde fazla caba harcamaya gerek yoktur. Yukarida belirtilen kategoriler arasinda
kesin bir smir yoktur. Ornegin King (1982), Britton’un yaptig1 kategorilendirmede, anlamli yazmanin alt
kategorisinde yer alan gilinlik yazmanimn, eger 6gretmenin yonlendirmesi ile yapilirsa, iletisim amagli-resmi
yazma igerisinde yer alacagini belirtmistir.
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Burns (2004) matematikte kullanilan yazma cesitlerini dort kategoride toplar. Bunlar; giinliikler, matematik
problemi ¢dzme, matematiksel fikirleri agiklama ve O6grenme siiregleri hakkinda yazmaktir. Ishii (2003)
matematik siniflarinda 6gretme amagli yazma uygulamasi olarak genellikle agiklayict yazma (expository
writing) ve giinlik yazma aktivitelerinin yapildigini belirtmistir. Arastirmaci, giinlik yazmayi 6gretmenin
verdigi bir talimat-tesvik etme (prompt) gergevesinde veya uygulama iizerine 6grencilerin diisiinceleri olarak
tanimlar. Agiklayici yazmayi ise dogasi geregi bir soru veya problemi agiklamak olarak tanimlamistir. Bu
caligmada kullanilan yazma uygulamalarmi giinliik ve agiklayic1 yazma olarak iki kategoriye ayirabiliriz.

Beasley ve Featherstone, (1995) 6grencilerin yazmalari i¢in kullanilan talimatlarin, sorularin ve senaryolarin
seciminin ¢ok Onemli oldugunu, bunlarm O6grencilerin diisiincelerini ortaya c¢ikarabilecek konu ile ilgili
dgrencilerin anlamalarin1 dlgebilecek nitelikte ve kapsamda olmasi gerektigini belirtmistir. Ogrencilerin bunlar
iizerine diistinebilmeleri, ¢esitli stratejiler secgebilmeleri ve uygulayabilmeleri, ¢dziimlerinin mantikliligini
degerlendirebilmeleri ve siire¢ icerisindeki gelisimlerini izleyebilmeleri gerektigini belirtmislerdir (Silver ve
Smith, 1996; Klishis, 2003). Colonnese, Amspaugh, LeMay, Evans ve Field (2018) ilkdgretim seviyesinde
matematiksel iletisim ve muhakeme i¢in kullanilabilecek yazma cesitlerini; kesfedici, agiklayici, tartigmaci ve
yaratict olmak tizere dorde ayirmuslardir. Onlara gore kesfedici yazma; “kesirleri ni¢in kullaniriz?” vb.
seklindeki sorulara ile dgrencilerin kesir kavramini kesfetmeleri ile ilgili agiklamalarini, agiklayici yazma;
“Oyun alanmin tigte birinin asfalt alaninin tigte birinden daha biiyiik oldugunu nasil bildiginizi agiklaym.” vb.
talimatlara 6grencileri verdikleri yazili cevaplari igerir. Tartismaci yazma; “Iki farkh 6geyi karsilastirirken, bir
O0genin tamami her zaman baska bir 6genin yarisindan daha biiyiiktiir. Katiliyor musunuz, katilmiyorsunuz ve
neden? ” vb. sorulara 6grencilerin, veri, iddia, gerekce temel bilesenleri kullanarak yazi yazmasini, yaratici
yazma ise kesfedici yazmada kullanilan benzer sorulara 6grencilerin “Ondalik olarak {igte biri 0.333333 ise... ve
iicte ikisi = 0.666666..., o zaman neden iicte ii¢ l'e esit ve 0.999999 degil...? ” seklindeki cevaplardan
olusmaktadir.

Arastrmacilar matematikteki yazma wuygulamalarinda, O&grencilerin kolayca ve hizlica ¢Ozlime
ulasabilecekleri sorular secilmemesini, fikirleri {izerine diiglinebilme imkani saglayan, ¢oziim siireglerini
anlamlandirabilecekleri, talimatlar ve sorular se¢ilmesini 6nermislerdir (Roskin, 2010). Ayrica bu talimatlar ve
sorularda &grenciler islenen konunun disindaki konular ile ilgili isaretler almasi gerektigini belirtmiglerdir
(Klishis, 2003). Bundan dolay1 yazma uygulamalar1 hazirlanirken alanyazinda bahsedilen yukarida belirtilen
uyarilar dikkate alinmustir.

2. Yontem

Arastrmada, nitel arastrma yaklagimi benimsenmistir. Nitel arastirmalar bir konu iizerinde calisma
grubunun anlamalarini, tanimlamalarini, agiklamalarini ve bunlarm nasil degistigini derinlemesine incelememize
imkan saglar (McMillan ve Schumacher, 2010).

2.1. Calisma Grubu

Aragtirmanin ¢alisma grubunu Trabzon iline bagl bir ilgenin ilkdgretim okulunda 7. sinifinda 6grenim goren
toplam 37 6grenci (23 kiz, 14 erkek) olusturmaktadir. Pilot ¢alisma grubunu ise ayni ilgede farkli bir ilkogretim
okulunun 7. smifinda dgrenim goren 28 (15 kiz, 13 erkek) 6grenci olusturmaktadir. ilge merkezinde bulunan
okullarm gevresinde sosyo-ekonomik diizey orta seviyededir. Ogrencilerin basar1 seviyesi genellikle orta ve
diisiik olmakla birlikte, iyi seviyede de dgrenci bulunmaktadir.

2.2. Arastirmanin Tasarlanmasi

Calismanin tasarimida Oncelikle 7. smif matematik 6gretim programinda 1. donemde islenecek diniteler
incelenerek, uygulanacak materyal hazirlanmistir. Sekil 3°de asil caligmaya kadar olan siirecin sematik
aciklamasi verilmistir.

Alanyazin
Taranmaszi Yazma Uygulamalarin
Gelqﬁn]mem Gom.}mun Almmas

Programdali
Eazanimlann
Incelenmesi

Analitik Derecell Puanlama
Anahtarsun (ADPA) Hazirlanmas

| Pilot Caligmamnin Yapilmasa |

ADPA nin ve » . Uzmanlar Tle
Uygulamalarm Sonuglarn
Diizenlenmesi Asil Caligma Degerlendirilmesi

Sekil 3. Asil calismaya kadar yapilan islemlerin semasi
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Sekil 3’e gore, alanyazin taramasi yapilarak ve 6gretim programindaki kazanimlar incelenerek, gelistirilen
yazma uygulamalarina yonelik uzman goriisleri alinmistir. Ardindan yazma uygulamalarinin degerlendirilmesine
yonelik ADPA hazirlanarak pilot ¢aligmaya gecilmistir. Uygulamanin pilot ¢aligmasi ilkogretim 7. smifta 3 hafta
boyunca yapilmistir.

Pilot ¢aligma esas ¢alismanin yapildig1 okuldan farkli bir ilkdgretim okulunda 7. sinifinda toplam 28 &grenci
ile gerceklestirilmistir. Pilot caligmada yer alan ii¢ etkinlik, uzman ve 6gretmen goriisii alinmasi, ders esnasinda
fazla zaman kaybina neden olmasi, 6grenci seviyesinin iizerinde olmasi ve ayni konuya ait bagka etkinlikler
olmast nedenlerinden dolayr asil ¢alismadan ¢ikarilmistir. Ayrica pilot calismada, puanlama anahtarindan
ogrencilerin aldiklar1 puanlarin sinifta okunusu sirasinda fazla zaman kayb1 oldugu tespit edilerek, asil ¢aligmada
puanlar siiftaki panoya asilarak ilan edilmistir. Pilot caligmada 6grencilerin puanlar1 daha ¢cok merak ettikleri
tespit edildiginden, asil ¢alismada uygulama kagitlar1 &grencilere dagitilip, doniitler ve etkinlik sorular
cevaplandirildiktan sonra puanlar panoya asilmistir. Ayrica uzman goriisii alinarak pilot ¢alismada bazi sorular
diizeltilmistir. Ornegin, dogru ve agilar konusunun 2. etkinliginde aginimn yeri degistirilerek, sorunun daha fazla
kazanimi igermesi amaglanmistir. Pilot ¢alismada Ogrencilere giinlik yazdirilmistir. Ancak bu giinliiklerde
Ogrencilerin sinifta gecen olaylar1 anlattiklar1 belirlenmistir. Dolayistyla asil ¢aligmada 6grenci giinliiklerinin
¢aligmanmn amact dogrultusunda yazabilmeleri i¢in yonlendirme yapilmasi kararlagtirilmistir. Bu yonde
giinliiklerin alt bagliklara ayrilmasina karar verilmistir (Ek-1).

Asil ¢aligma ilkdgretim 7. sinifta 14 hafta boyunca uygulanmistir. Arastirmada oncelikle gretmene yazma
uygulamasinin smnifta nasil uygulanacagina hakkinda bilgi verilmistir. Literatiirde Ogrencileri yazmaya
alistrmanin en kolay yolu olarak matematik ile ilgili ge¢mis yasantilarini yazdirmanin oldugu belirtilmistir
(Burns, 1995). Bundan dolay1 uygulama basinda 6grencilere ge¢cmisteki matematik yasantilarini yazmalari ev
O0devi olarak verilmistir. Burada Ogrencilerden geg¢miste yasadiklar1 matematik ile ilgili biitiin his duygu,
diislince, iyi ve kotii anilarini, sevdikleri ve sevmedikleri matematik konularini matematigin diger derslerle
baglantilar1 hakkinda ne diislindiiklerini yazmalar1 istenmistir. Ancak bu uygulama degerlendirmeye
katilmamustir. Daha sonra uygulamanim nasil yapilacagi sinifta anlatilmis ve drnek etkinlikler (Ek-1) dgrencilere
dagitilarak incelenmistir.

Yazma uygulamalari, 6gretmen dersini dgretim programina gore isledikten sonra genellikle her iki saatlik
dersin son 10-20 dakikasinda yapilmistir. Uygulamadan sonra 6grencilerin yazdiklar1 kagitlar toplanip doniitler
verilmistir. Verilen bu doniitler diger dersin basinda &grencilere dagitilarak incelemeleri saglanmistir. Daha
sonra dgretmen Ogrencilerde en sik rastladigi hatalar1 diizeltmek amaciyla onlara farkli drnekler {izerinde
aciklamalar yapmustir. Ogrencilerin yazdiklar1 kagitlar, hazirlanan analitik dereceli puanlama anahtarina (ADPA)
gore degerlendirilip puanlama yapilmistir. Ogrencilerin ADPA’y1 ve yapilan uygulamalardan secilen bazi
ornekleri gormeleri ig¢in sinif panolarinda matematik kosesi olusturulmustur. Bu kosede puanlama anahtari
donem sonuna kadar asili kalmistir. Ayrica bu panoya her uygulamadan sonra dgrencilerin ADPA’dan aldiklar:
puanlar asilmistir. Yiiksek puan alanlar smifta sesli olarak duyurulmustur. Bu puanlara goére, bazen ders
icerisinde dgrencilerin performanslar1 hakkinda konusulmustur.

Uygulama sonunda 6grenciler akademik basar1 seviyelerine gore bes gruba (¢ok diistik, diisiik, orta, yiiksek
ve ¢ok yiiksek) ayrilarak yazma uygulamalarina verdikleri cevaplar incelenmistir.

2.3. Veri Toplama Araclan

Veri toplama araci olarak yazma uygulamalar1 ve analitik dereceli puanlama anahtar1 kullanilmistir. Bu iki
arag ile ilgili detayl1 bilgi alt basliklar altinda sunulacaktir.

2.3.1. Yazma Uygulamasinin Gelistirilmesi

Arastirmada toplam 26 yazma uygulamasi yapilmistir. Ayrica dgrencilerin her birine {inite sonunda olmak
tizere toplam 6 tane giinliik tutturulmustur. Bu uygulamalar ve giinliikler alanyazina ve ilkdgretim matematik
programima dayali olarak hazirlanmigtir. Ardindan ii¢ alan uzmanina ve bir ilkogretim matematik dgretmenine
incelettirilmistir.

Bu arastirmada, agiklayici ve giinliik yazma uygulamalar1 kullanilarak, ii¢ basamakta gerceklesen bir plan
dahilinde uygulamalar yapilmigtir. Tim bu basamaklarda hazirlanan etkinliklerin, matematik programimndaki
kazanimlar1 igermesine, giinliik hayatla bagdasmasina, 6grencinin daha ayrintili diisiinmesini saglayacak yapida
olmasma dikkat edilmeye calisilmistir. Birinci basamakta iglenen konuya ait kavrama vurgu yapan yazma
uygulamalari, ikinci basamakta konunun igerigine yonelik yazma uygulamalari, ii¢lincii basamakta ise iinite
sonunda giinliik yazma uygulamalar1 yapilmistir. Bu basamaklar Sekil 4’de sunulmustur.
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- Koms Baglarmda ] — [ Ogretilecek Kavrama Yonelik Yazma ]

( L Konu ile Ilgili Sorular, Senaryolar ve Talimatlarla
K Islenirk - . g R

{ onu fsfenrien ] — [ Ogrencilerin Diisiincelerinin Yazdirilmasi ]
Unite Sonunda ] — [ Giinliik Yazma ]

Sekil 4. Yazma uygulamalarmin ii¢ agsamali plant

Ogrencilere diisiince siireclerini ayrmtili yazarken arkadasindan veya Ogretmeninden yardim alarak,
diisiincesini biitiin strateji ve yontemleri ile birlikte, hatta daha da ileriye giderek sonuca ulastirmayan veya
yanlis sonuca ulastiran “goyle diisiindiim sonug ¢ikmadi” veya “yanlis ¢ikt1” seklindeki siiregleri bile yazmalari,
6. smiftaki bir Ogrenciye anlatiyormus gibi aciklama yapmalari, diigiincelerini agiklamak ig¢in sekil
cizebilecekleri, tablo yapabilecekleri ve ornekler verebilecekleri, noktalama ve dilbilgisi kurallar1 ile ilgili
endiselenmemeleri, yanlisi silmemeleri sadece {izerini ¢izmeleri, teslim etmeden Once yazdiklarini okumalari
soylenmistir. Ogrencilerin kendilerinden alt sinifta 6grenim géren dgrencilere anlatryormus gibi yazmalari,
onlarin sahip olduklar1 bilgiyi anlamadan, tekrarlamalarini engellemekte ve kavramlar hakkinda kendi
anlayiglarini yapilandirmalarina izin vermektedir (Hohenshell, Hand ve Staker, 2004; Hand, Yang ve Bruxvoort,
2007).

Unite sonlarinda ise dgrencilerden, derslerde neler dgrendiklerini, neler yaptiklarmi kendilerine zor gelen
veya akillarmi karistiran kisimlart ve bu zorluklari agsmak icin neler yapabileceklerini ayrintisi ile giinliik
yazmalar1 istenmistir. Asagida konu baglarinda, konular islenirken ve {inite sonlarinda yapilan yazma
uygulamalarindan drnekler sunularak ayrintil bir gekilde agiklanmistir.

Konu Baslarinda:

Konu baglarinda uygulanan etkinlik, anlatilan matematik kavramlarinin 6grencilere verilen talimatlarla
aciklayici yazma etkinligi yaptirilmasindan olusmaktadir. Bu basamagm amaci matematik kavramlarina vurgu
yapmaktir.

Ornegin;

a.Kendinizi rasyonel sayir olarak diisliniin. “Ben bir rasyonel sayiyim” basligi altinda kendinizi ve

akrabalariniz (diger rasyonel sayilar ve say1 kiimeleri ) ile olan iliskilerinizi yazarak anlatiniz.

Konu islenirken:
Konu anlatimi ilerledik¢e yapilan uygulama, agiklayici yazma etkinligidir. Burada anlatilan matematik
kavramu ile ilgili talimatlara, senaryolara ve a¢ik uglu sorulara verdikleri cevaplardan olusmaktadir.
Ornegin; 5
a.Ahmet yandaki sekilde verilenlere gore, d ve e dogrularinin paralel oldugunu, Ayse ise  _ ye
27T T

paralel olmadigmni soylityor. Sizce kim haklidir? Cevabinizi nedenleri ile agiklaymiz.

b.* Esitligin her iki yanina 5 eklenir.
* Esitligin her iki yani1 2 ile ¢arpilir.
Bir denklemin ¢6ziimii i¢in yukaridaki iglemleri sirasiyla uygulayan bir 6grenci denklemin ¢éziim kiimesini
12 olarak bulmustur. Buna gére bu denklem nasil bulunabilir? Agiklaymniz.

Unite Sonunda:

Unite sonlarinda (genellikle iki veya {i¢ haftada bir) giinliik yazdirma etkinligidir. Bu etkinlik evde
yaptirilmstir. Ogrencilerden bir sonraki matematik dersine bunlar1 getirmeleri istenmistir. Bu giinliikler
calismanin amaci dogrultusunda ve Lefler’den (2006) yararlanarak gelistirilmistir. Giinlik yazma etkinligi
ogrencilere asagidaki 4 alt bagliktan olusan talimatlar verilerek yaptirilmistir.

a.Smifta olmayan bir arkadasiniza isledigimiz konuyu 6zetleyen bir mektup yaziniz. Ogrencilere “simfta
olmayan bir arkadasiniza (derste basarili olmayan) konuyu agiklayiniz. Arkadasiniz konuyu bilmiyor ve
tamamen sizin anlatacaklarmiza giiveniyor. Dolayisiyla konu ile ilgili her ayrintiyr belirterek, ornekler
vererek yaziniz.” seklinde uyarilar yapilarak buna gore agiklama yapmalari istenmistir.

b.Derslerde Islenen kavramlari siralayarak, aralarindaki iliskiyi belirleyiniz.

¢.Konu ile ilgili karsilagtigimiz giicliik veya sorunlari belirtiniz.

d.Daha 6nce bilmeyip, konular iglendikten sonra 6grendiginiz en 6nemli bilgi nedir?

Ayrica 6grenciler sinif igerisinde yasanan siradan, ders dis1 (68retmen Ali’yi tahtaya kaldird1 vs.) olaylar1
giinliiklerinde anlatmamalar1 konusunda ozellikle uyarilmislardir. Uygulama sirasinda 6grencilerin kendi
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aralarinda ve Ogretmeni ile tartigmalarina izin verilmis, ancak kesinlikle birbirlerine bakmadan yazmalar1
istenmistir. Jurdak ve Zein (1998) yazma uygulamasida 6gretmenin hizli ve kisa doniitler vermesinin, giinliikler
disindaki tim uygulamalarin puanlanmasi gerektigini ifade etmistir. Bu dogrultuda yazma uygulamalarina
Ogretmen Ogrencileri motive edecek, hatalarini gérmelerini saglayacak kisa doniitler yazmistir.

Yazma uygulamalarinin sayis1 6grenme alani, alt 6grenme alani, kazanim ve ders saati siiresi dikkate almarak
diizenlenmistir. Alt 6grenme alanlar1 ve uygulama sayilari; Dogrular, acgilar ve agilari 6lgme, 2 uygulama; Tam
sayilarla islemler, 10 uygulama; Rasyonel sayilar, 6 uygulama; Cebirsel Ifadeler, 2 uygulama; Denklemler, 3
uygulama; Oran ve oranti, 3 uygulama olmak {izere toplam 26 yazma uygulamasi yapilmistir. Bunlar
caligmadaki uygulama zamanina bagl olarak ¢alismanin basinda, ortasinda ve sonunda olmak iizere ii¢ kisma
ayrimustir. 1.-9. uygulama calismanin baginda yapilan uygulamalar olarak, 10.-18. uygulamalar ¢alismanin
ortasinda yapilan uygulama olarak, 19.-26. uygulamalar ise ¢aliymanin sonunda yapilan uygulamalar olarak
belirlenmistir. Aragtirma toplam 56 ders saatlik bir siireyi kapsamaktadir. Ancak bu ders saatlerinin tamaminda
yazma uygulamasi yapilmamustir. Uygulamalar genellikle 2 ders saatinin son 10-20 dakikasi igerisinde
gerceklestirilmistir. Yazma uygulamalari diginda her Ogrenciye iinite sonlarinda toplam 6 tane giinlik
yazdirilmustir.

2.3.2. Analitik Dereceli Puanlama Anahtarmmin (ADPA) Hazirlanmasi

DiBartolo (2000) yazma uygulamalarin1 degerlendirmek i¢in dereceli puanlama araglarinm etkili ve verimli
araclar oldugunu belirtmistir. Analitik dereceli puanlama anahtar1 (ADPA), biitiinciil ve karakteristik dereceli
puanlama anahtarindan farkli olarak performans pargalarmni veya iriinii boliimlere ayirmak ve her beceriyi
bagimsiz olarak degerlendirmek, sonrasinda her bir boliimden alinan puanlarin toplammin veya ortalama puanin
bulunmasini gerektirir. Dolayisiyla ¢caligmanin ya da iriiniin farkli boyutlarima farkli notlar vermek amaciyla
olusturulur.

Yazma uygulamalarint degerlendirmek i¢in hazir, uyarlanmig veya arastirmacinimn kendisinin hazirlayacagi
puanlama anahtar1 kullanilabilmesine ragmen, arastrmanin giivenirligini arttirmak i¢in uyarlanmis bir puanlama
anahtar1 kullanilmistir. Lim ve Pugalee’den (2006a; 2006b) uyarlanan taslak puanlama anahtarinm, arastirmadan
elde edilen yazili verilerin 6n incelemesi sonucu uygun olduguna karar verilmistir. ADPA, ii¢ alan uzmanina ve
bir ilkdgretim matematik 6gretmenine inceletilerek, ¢alismanm dogasmma uygun oldugu kanaatine varilmistir.
Boylece agagida boyutlar: verilen puanlama anahtari asil ¢aligmada kullanilmistir.

ADPA ii¢ kategoriden olugmaktadir. Bunlar; a)Aciklamalarm 6zelligi, b)Matematiksel dili kullanma,
c¢)Matematiksel yapt ve hesaplamalardir. Bu basliklar altinda Ogrencilerin yazdiklart ADPA’ya gore
puanlandirilmastur.

2.4. Verilerin Analizi

Veriler analiz edilmeden Once Ogrencilerin akademik basar1 seviyelerine nasil ayrildigi aciklanmistir.
Ardindan yazma uygulamalarmin ¢alismanin basinda, ortasinda ve sonunda olmak iizere {i¢ gruba ayrildigi
belirtilmistir. Daha sonra akademik basar1 seviyelerine ayrilan G6grencilerin uygulamaya verdikleri yazili
cevaplarm analizinin nasil yapildig1 agiklanmustir.

Aragtirmanin temel problemi, yazma uygulamalarinin akademik bagar1 seviyeleri farkli olan 6grencilerin
bilissel, duyussal gelisiminin belirlenmesi ve bu 6grencilerin yazma uygulamasina verdikleri cevaplar arasindaki
iligkinin ortaya ¢ikarilmast oldugundan, 6grencilerin akademik basar1 seviyesine ayrilmasi gerekmistir. Bunun
icin asagida belirtilen yol izlenmistir.

a) Oncelikle 6grencilerin 6. sinifta 1. ve 2. donem yazili smavlarmin (toplam 6 sinav) ortalamasi alinmistir.
Burada 6grencilerin performans degerlendirme notlar1 hesaplamaya katilmamistir.
b)Akademik bagar1 seviyesi orta olan 24 dgrenciden bazilarmin yazili siavlarmin ortalamalar: birbirine ¢ok
yakin olmasi dolayistyla uygulama dgretmeninin goriisii dogrultusunda (6gretmen gegmis bir y1l boyunca
Ogrencilerin dersine girmistir. Dolayisiyla 6grencilerin seviyesi ile ilgili bilgi sahibidir.) bu basar1
seviyesindeki 0grenciler kendi aralarinda akademik basar1 seviyesi diisiik, orta ve yiiksek olmak iizere iig
gruba ayrilmiglardir.

Tablo 1. Akademik basari sevilerine gore ayrilmis 6grencilerin sayilari

Ortalama 0-25 Ortalama 30-68 Ortalama75-100
Seviye Cok Diisiik Diisiik Orta Yiiksek Cok Yiiksek
(E seviyesi) (D seviyesi) (C seviyesi) (B seviyesi) (A seviyesi)
Ogr. sayisi 10 9 10 5 3

Tablo 1’e gore, 6. Smifta yazili puanlarmin ortalamasi 0-25 arasinda olan 10 6grenci “cok diisiik” (E
seviyesi), yazilt puanlarmin ortalamasi 30-68 arasinda olan 24 &grenci 6gretmen goriisii alinarak basart
seviyelerine ayrilmis sonugta 9 6grenci “diisiik” (D seviyesi), 10 6grenci “orta” (C seviyesi), 5 dgrenci “yiiksek”
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(B seviyesi) olarak isimlendirilmistir. Ayrica yazili puanlarinin ortalamasi 75-100 arasinda olan 3 6grenci “cok
yiiksek” (A seviyesi), olarak isimlendirilerek akademik basar1 seviye gruplar1 olusturulmustur.

Akademik basar1 seviyesine ayrilan dgrencilerin yazma uygulamalarina verdikleri cevaplara igerik analizi
yapilmugtir. Ogrencilerin yazdiklar1 analiz edilmeden genel bir cergeve olusturmak igin ADPA kullanilarak iig
tema belirlenmistir. Veriler kodlanarak bu temalar ile iliskilendirilmistir. Oncelikle basar1 seviyelerine ayrilan
Ogrencilerin yazma uygulamasina verdikleri cevaplarin hepsi grup olarak ayri ayr1 yiizeysel olarak incelenerek
notlar alinmig, daha sonra tekrar basa doniilerek ayrintili olarak inceleme yapilmistir. Ortaya g¢ikan kodlar
arasindaki benzerlikler ve farkliliklar belirlenerek birbiriyle iliskili olanlar bir araya getirilerek temalarla
iligkilendirilmistir. Tablo 2’de tema ve ilgili kodlarmn son hali sunulmustur.

Tablo 2. Temalar ve kodlar
Temalar Kodlar
f. Ayrmntili, agik ve anlagilir cevap yazma
0. Aciklamalar1 6rnek vererek destekleme
1. Agiklamalarm h. llgisiz agiklamalar yazma
i
j.

Ozellikleri Gorsel olarak algiladiklar1 bigimde agiklamalar yazma

Aynmi konuda yapilan farkli agiklamalar ve agiklamalar ile matematiksel
igslemler arasindaki tutarsizliklar

Matematiksel sembol kullanma

Matematiksel kelime kullanma

Matematiksel sekil kullanma

Kendine 6zgii kelime ve sembol kullanma

Farkli sembollerin kullaniminin farkinda olma

2. Matematiksel Dili
Kullanma

Matematiksel
3. Yapive
Hesaplamalar

Eksik, ilgisiz veya gorsel olarak algilanan sekilde hesaplamalar yapma
Farkl1 yap1 ve hesaplama yontemi gelistirebilme
Sonucu degerlendirme (sonucun dogrulugunu ve mantikliligini kontrol etme)

hDQPQ0oTY

Tablo 2’ye gore, arastirmanin bulgular: ii¢ tema altinda toplanmistir. Bu temalar agiklamalarin 6zellikleri,
matematiksel dil, matematiksel yap1 ve hesaplamalardir. Bu temalar altinda ilgili kodlar yer almistir. Son
asamada ise arastirmaci topladig1 verilere anlam kazandirmak, bulgular arasindaki iligkileri agiklamak, neden-
sonug iligkisi kurmak, bulgulardan birtakim sonuglar ¢ikarmak ve elde edilen sonuglarin 6nemini belirtmek igin
aciklamalar yapmistir (Yildirim ve Simsek, 2005).

Akademik basari seviyelerine gore ayrilan dgrencilerin, analitik dereceli puanlama dlgeginden aldigi puanlar,
Olgekte yer alan ii¢ temaya gore (matematiksel agiklamalar, matematiksel dil kullanim1 ve matematiksel yap1
hesaplamalar) smiflanmistir. Burada Ogrencilerin yazma uygulamalarina verdikleri cevaplarin 6nceden
puanlanmasi sonra basar1 seviyelerine ayrilmasi arastirmanin giivenirligini arttiran bir etmendir. Smiflamanin
ardindan, her temadaki akademik basar1 seviyelerine gore gruplarin kendi igerisinde gelisim olup olmadigma
bakilmistir. Bu amagla, ¢calismanin basinda, ortasinda ve sonunda olmak iizere {i¢ kisma ayrilan uygulamalardan,
ogrencilerin ADPA’dan aldiklar1 puanlarin ortalamalar1 hesaplanarak yorumlanmustir.

ADPA’nin puanlamasini, arastirmaci ve uygulama dgretmeni birbirinden bagimsiz olarak yapmistir. Puanlar
arasindaki tutarliliga bakmak i¢in yapilan analizde Pearson korelasyon katsayis1 0.92 olarak hesaplanmistir. Elde
edilen bu katsayi, puanlayicilar aras1 yiiksek diizeyde iliskili oldugunu gosterdigi igin yeterli goriilmistiir
(Biiyiikdztiirk, 2005). Calismaya katilan 6grenciler O1, O2,.., 037 seklinde kodlanmistir. Giinliiklerin digindaki
tiim uygulamalar bu anahtar kullanilarak puanlanmistur.

3. Bulgular

Caligmada uygulanan yazma etkinliklerindeki yazili cevaplar incelenerek, dgrencilerin biligsel gelisimleri ile
ilgili Gi¢ farkli tema olusturulmustur. Temalar, kodlarla iligkilendirilerek tablolar olusturulmustur. Tablolarda
seviye siitunundaki A3, B5, C10 vb. ifadeler 6grenci sayismi da belirtmektedir. Ornegin, A3, A seviyesinde 3
ogrenci bulundugunu gostermektedir. Ardindan &grenci uygulamalarindan ornekler verilmistir. Ayrica her
temanin sonunda, Ogrencilerin basar1 seviyelerine goére ADPA’nm ilgili kismindan aldiklart puanlarin
ortalamalar1 sunulmustur.

3.1. “Agiklamalarin Ozellikleri” Temasindan Elde Edilen Bulgular

Akademik basarilarina goére ayrilmig Ogrencilerin uygulamalara verdigi yazili cevaplar, aciklamalarin
ozellikleri temasi altinda incelenerek olusturulan kodlar Tablo 3’de sunulmustur. Bu kodlara hangi 6grencilerin
kagitlarindan ulasildigy, calismanin hangi asamasinda yapilan uygulamalarda karsilagildig: tabloda belirtilmistir.
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Tablo 3. A¢iklamalarin 6zellikleri temasina gore olusturulan kodlarda yer alan 6grenciler

Ayrintil, Aciklamalan ilgisiz Gorsel olarak Ayn1 konuda yapilan
o acik ve ornek agiklamalar  algiladiklar farkh agiklamalar ve
E‘ anlagihr vererek yazma bicimde aciklamalar ile
% cevap yazma destekleme aciklamalar matematiksel islemler
yazma arasindaki tutarsizhiklar
A, OL0203 010205 e o e
"_% Bs 04 05,06 - o7 e
g Cyp - 08, 09,010 08, 011, 010, 013, 08, 013
g O12 014, O11
g Dy - 015, 016, 018,019 021 022, 017,023
g 017 020, O16,
:;} Evw ~ - - 024, 025, 026,027,028, 027, 028, 030, 029

026, 027 023, 029
A3 Ol) 023 03 Ol: 027 03 ____________________
Bs 0330705 06,033,04 e e e

: 5 0406 ..
g S Cuo 014,08, 031,08011, === - 08
z 031,010 014,012 o
S8.C Dy 018,017 016 e 021,016 e
Ew ~ - e 027, 025, 026, 025, 026, 023,028, 025
023 030,027
A 01,02,03  01,03,02 - e
Bs  033,04,06, 07,0604, e e s
- 05 033
E8Ccy 011,031, 01408031, - e e
£ 3 014,08,010 010,031
=3 Do 022, 018, 015,016 - e 16
“ 016,015
Ew ~ - e e 029,025 032, 029, 025, 027, 023,
024, 027 032,037

Tablo 3’e gore, ayrintili, acik ve anlasilir cevap yazma kodunda C ve B seviyesindeki Ogrencilerin
cevaplariin anlasilirliginm belirgin olarak arttigi, D seviyesindeki bazi Ogrencilerde de gelisim oldugu
belirtilebilir. Ilgisiz agiklamalar yapma koduna gore, E seviyesindeki ogrencilerin ¢aliymanmn basinda ve
ortasinda ilgisiz agiklamalar yaptiklar1 ancak daha sonra yapmadiklari, D ve C seviyesindeki &grencilerin
¢alismanin basinda bazi uygulamalarda ilgisiz agiklamalar yapmalarina ragmen ¢alismanin orta ve sonlarinda
yapilan uygulamalarda ilgisiz agiklamalar yapmadiklar1 belirlenmistir. Geriye kalan B ve A seviyesindeki
ogrencilerin ise caligmada higbir uygulamaya ilgisiz agiklama yazmadiklari belirlenmistir. Gorsel olarak
algilanan bicimde cevap yazma kodunda E seviyesindeki 6grencilerin genelinde bu duruma 6rnek olan cevaplara
rastlanmistir. D seviyedeki dgrencilerden bazilar1 ¢alismanin baslarindaki ve ortalarindaki uygulamalara gorsel
olarak algiladiklar1 sekilde cevap yazmislar, C ve B seviyesindeki 6grencilerden sadece birkaci calismanin
basinda yapilan bazi uygulamalara bu sekilde cevap yazmislardir. A seviyesindeki 6grencilerde bu duruma
rastlanmamuistir.

Ayni konuda yapilan farkli agiklamalar ve acgiklamalar ile matematiksel islemler arasindaki tutarsizliklar
kodunda E seviyedeki 6grencilerde ¢aligsmanin genelinde bu duruma rastlanmustir. D seviyesindeki 6grencilerde
bu duruma rastlanan 6grenci sayisi li¢ olmasina ragmen ¢aligmanin sonlarinda bire gerilemistir. C seviyesinde iki
ogrencide de ¢aligmanin baglarinda benzer durumlar olmasma ragmen c¢alismanin devaminda bu tiir duruma
rastlanmamistir. Diger akademik basar1 seviyesindeki dgrenciler igin ise ¢alismanin higbir asamasinda bu tiir
duruma 6rnek olacak bulguya rastlanmamustir.

Aciklamalarini 6rnek vererek destekleme koduna gore, E seviyesindeki 6grenciler yaptiklar: agiklamalara hig
ornek yazmadiklari tespit edilmistir. Diger basar1 seviyelerindeki 6zellikle akademik basar1 seviyesi C, B ve A
olan 6grencilerin uygulamalarda agiklama yazarken 6rnek verdikleri tespit edilmistir. Tablo 4’de 6grencilerin
uygulamalara verdikleri yazili cevaplardan ac¢iklamalarin 6zellikleri temasi ile ilgili 6rnek alintilar sunulmustur.
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Tablo 4. A¢iklamalarin 6zellikleri temasina gore dgrenci cevaplarindan 6rnekler

Uy.
No Ornek Cevaplar

> Seviye

2 Sekildeki dolap paralel dogrulardir. Ciinkii dolabin i¢ kismindaki tahtalar birbirinin altina
dizilidir ve karsilikli olarak duruyor. Bu nedenle bu paralel dogrudur ve ayrica i¢ tahtalari
uzatgimizda highir zaman kesismezler. Buda paralel dogrularin dzelligidir (02)

6 Evet vardwr. Ciinkii eksi sayilar 10’la ¢arpildiginda kiiciiliirler. Ciinkii normal ¢arpma islemi
yapildiginda sonug biiyiik ama ¢arpanlarin ikisinin de isareti farkl ise sonug negatif olur yani
kiigiiliir. Asagidaki islemler buna ornektir. (-30).(+10)=(-30) (-30)<(-3) (-5).(+10)=(-50) (-
50)<(-5) (03)

g B 4 e) bu ifade dogrudur. Ancak bazen yanls olabilir. Orn dogru olanlar: ()-(+).(+)=(+) hi¢bir
=] zaman dogru olmayanlar: (+).(-).(+)=(t) f)bu ifade hi¢hir zaman dogru degildir. Orn dogru
R olmayan:(+).(+).(+)=(-) dogru olan: (+).(+).(+)=(-) g bu ifade dogrudur. Dogru olan (+).(-
g )=(+) (07)
g 2 Bence Ahmet dogru soyliiyor. Ciinkii sekilde de goriildiigii gibi d ve e dogrular: birbirine paralel
= olarak ¢izilmistir ve bu dogrular birbirine paraleldir. Bence Ahmet ¢ok dagru bir diistince
6{ igindedir. Benim diisiincem bu e dogrusunun agist d dogrusunun agisina esittir (O7)
c 2 ...d acisindaki 128° ters acisi olan diger bir agisi 128° dir. Diger e dogrusundaki 128 agisinin ise
ters agisi... e dogrusundaki agisinin dis ters agisi olan d dogrusundaki 52 agisidir (O8)
1 Sekillerdeki a seklinde verilen merdiven dikdortgen olarak verilmis ve karsilikl iki kenari esittir.

Her agist 90° dir. B seklinde verilen ii¢gen ve yamuk verilmistir. C seklinde bulunan da bir raflar:
paralelkenar olarak verilmistir (O8)
D 2 Bir paralel dogru 180" dir. 52° ve 128° ¢ikiyor. Dik dogru ise 90° dir (021)

...agilart ayni oldugu icin cevap paralelkenar buldum (024)

m
N

A 11  Laboratuarin sicakhg 14 'den -22 ¢° diismiisse once biz 9 saatte ne kadar diistiigiinii
bulmalyiz.(+14)-(-22) seklini yaparak bulacagiz. (+14)+(+22)=36 * 9 saatte diismiistiir. 1
saatte diiseni bulmaliyiz ki 5 saati bulalim. Oyleyse; (+36):(+9)=+4 bir saatte diismiistiir. Biz 5
saatin sonunda ne kadar oldugunu bulacagiz. (+4).(+5)=20 dw. Simdi sicakhigi bulalim. Oda
sicakligi 14 ¢°ise (+14)-(+20)=(+14)+(-20)=-6 olarak buluruz ( 02)

B 17 Oncelikle bu islemleri aciklayarak baslarsak; ilk once Ali bu islemi bilegik kesre cevirmeden
paylari esitlemis ve daha sonra islemi yapmigtir. Ayse ise...daha sonra paylarim esitleyerek
ctkarma islemini yapmistir. Ahmet ise ilk once paydalarin esitlemistir...simdi bana gére dogru
islemi yapan Ayse’dir. Ciinkii Ayse, yukarida da belirttigim gibi once islemi bilesik kesre
cevirmis...islemi rnek olarak gosterecek olursak; (vani bana gére)...(07)

C 14  2/3 sayist 4/6 sayisimin yarisidir. Bu sekilde 4/6 sayis1 2/3’iin iki katidw. Bir rasyonel sayida

esitlik olabilmesi i¢in pay ve paydasmin ayni sayt ile carpimast gerekir (08)

18  5+12=17 Trabzonspor, 1+6=7 Besiktas...5 kiside takum tutmuyor (O16)

19  Bence eyit degildir. (2x°) parantez i¢indedir. Bu durumda degisiklik olur. Bunu agarsak; 2°i 3
kere ¢arpmak demektir. Yani; 2x.2x.2x. olur. Bu islemlerin sonucu (2x)*=8x dur. Bu durunda
8x%#2x% olur (02)

23 Kitabin kisa kenarint silgi ile olgerken ug uca 3 kez eklendigi zaman 3x olur. Yani =x+x+x+6
olur. 6 cm geride kalw. 5 kez eklendiginde yani=x+x+x+x+x-2 olur. 2 c¢cm ise fazla
gelir.. X+X+x+6=3x+6 X+X+X+X+x-2=5x-2 buradan 3x+6=5x-2 denklemi ortaya ¢ikar. (O7)

B 22  x+9=30 simdi yukarida verdigim islemi anlatacagim. Simdi bir sehirde iki kasaba var. 1.
kasabada x viriisii var diger kasabada ise viriis yok 1. Kasabadaki sayilar diger kasabaya gegmek
istiyorlar...karsiya gegerken jandarmaya yakalaniyor. Jandarma nereye gittigini soruyor. +9’da
cevap veriyor. Daha sonra jandarma +9’a diyor ki karsiya ge¢mek istiyorsan isaretini
degistireceksin. +9 kabul ediyor ve karsiya -9 olarak gegiyor. Simdi islemi yaparsak; x+9=30
x=30-9 C={21} olur. -9 sayisi da viriisten kurtulmug olur (O7)

C 24  Iki cokluktan biri artiyorsa ve digeri de aymi oranda artiyorsa veya biri azalirken digeri de aym
oranda... buna dogru oranti denir. Giinliik hayattan ornek verirsek: bir sofor ...¢iinkii biri artiyor
ve ...buna dogru oranti denir. Ters oranti bir¢okluktan biri artiyor ve digeri de ayni oranda ...
birisi azalirken digeri de aym oranda artryorsa buna ters oranti denir. Bir ingaati 10 is¢i 40
giinde yaparsa 7 isci kag giinde yapar? (08)

D 19 (2x)° ve 2x° cebirsel ifadesi birbirine egittir. Ciinkii sonuclar aymdir. Karesiyle ¢arpinca dogru
¢ikar. 2.6=6 3.2=6 6.6=36 (021)

E 20  xbirim kare 3 artarsa karenin kenart 3 birim artar... sonug 18 dir. 3x3x3x3=18 (024)

19  Eyit degildir ¢iinkii birisi parantezin icinde birisi de parantezin disindadir. Bunun icin birbirine
esit degildir (027)

Calismanin Ortasinda

>0

Calismanin Sonunda

Tablo 4’e gore, A seviyesindeki &grenciler genel olarak ¢alismanm basinda, ortasinda ve sonunda fazla
ayrmtil ve diger seviyedeki dgrencilere gore ok daha anlasilir ifadeler yazmislardir. O2 galismanin baslarinda
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yapilan 2. uygulamada dogrularm birbirine gére durumlarmi ayrintili agiklamistir. Caligmanin ortalarindaki 11.
uygulamada ise laboratuvarda mevcut sicaklik ile ulasilmak istenen sicaklik farkini1 36° olarak hesaplamis daha
sonra | saatteki sicaklik degisimini hesaplamistir. Ardindan 5 saatteki sicaklik degisimini bularak baslangictaki
sicakliktan ¢ikartarak dogru sonuca ulasmustir. Sonlarda yapilan 19. uygulamada ise cebirsel ifadelerin
parantezin yerinden kaynaklanacak durumdan dolay: esit olmayacagini ayrmtili bir sekilde agiklamistir. Ayrica
bu seviyedeki 6grenciler uygulamalar cevaplarken &rnekler yazmuslardir. O3, 6. uygulamada negatif sayilarm 10
ile ¢arpilinca kiigiilecegini belirterek drnekleri yazmustir.

Tablo 4’de B seviyedeki dgrencilerden O7 ¢aligmanin basindaki 4. uygulamadaki soruyu cevaplarken
ayrintili bir cevap yazmamistir. Sadece matematiksel sembol kullanarak agiklama yazmistir. Ancak ayni 6grenci
calismanm ortalarindaki 17. etkinligine daha ayrmtili cevap yazmustir. O7 calismanin sonlarinda yer alan 23.
etkinlikte silginin bir kenarint x sembolii ile gdstermistir. Ardindan kitabin kisa kenarini, silginin 3 kez eklenip 6
cm eksik kaldigini belirtmek i¢in 3x+6 cebirsel gdsterimi yerine, daha ayrintili olacak sekilde “x+x+x+6”
cebirsel gosterimini tercih etmistir. Kitabin uzun kenarini benzer olarak “x+x+x+x+x—2" seklinde ayrmtili olarak
gostermistir. Ancak Ogrenci her iki durumu carpma islemini kullanarak da ifade etmistir. Bu seviyedeki
ogrenciler ¢alismanin basinda yapilan etkinliklere gorsel olarak algiladiklar: bicimde agiklamalar yazmis olsalar
bile bu agiklamalarini matematiksel bilgi ile iliskilendirmislerdir. O7, 2. Etkinligine “sekilde goriildiigii gibi d ve
e dogrulart birbirine paralel olarak cizilmistir” aciklamasindan sonra “e dogrusunun agisi d dogrusunun
agisina esittir” agiklamasini yazmis ayrica sekil {izerinde agilarin degerini hesaplamustir. O7, 22. etkinlikte
anlattiklarim 6rneklemek igin hikdye yazmustir. O7 denklem ¢dziimiinii “I. kasabada x viriisii var. 2. kasabada
viriis yok. 1. kasabadakiler 2. kasabaya gecmek icin isaret degistirmeleri gerekiyor. 1. kasabaya ge¢mek
isteyenleri jandarma durdurarak isaret degistirmelerini istiyor...” seklinde agiklama yazmustir. Benzer olarak
033 aym1 yazma etkinligine “mesela y+4=14 sonucunu bulmay1 sdyle anlatayim sana y hasta ve bulasici bir
hastalig1 var. Bu yiizden 4 diger kdye gitmesi i¢in kdpriiden gegmesi gerek. Ama jandarmaya yakalaniyor ve
jandarma herhangi bir hastalik olabilir diye onun isaretini degistiriyor ve +4, -4 olarak kdye gidiyor. Sonucta
y=10" agiklama yazmustir. Ogrenciler agiklamalarim drneklendirmislerdir.

Tablo 4’de C seviyesindeki O8 calismanmn baslarindaki 2. uygulamaya yazdiklar1 agik, anlasilir ve net
degildir. Cahsmanin ilerleyen uygulamalarmda O8 daha acik, net ve anlasilir ifadeler yazmustir. Calismanm
sonlarinda yapilan 24. uygulamaya O8 oran ve oranti kavramlarmi 6rnek vererek agiklayabilmistir. C basari
seviyesindeki Ogrencilerde genel olarak caligmanin basinda, ortasinda ve sonunda agiklama yaptiklari
goriilmiistiir. Ancak bu agiklamalar ¢alisma baslarinda ¢ok agik ve net olmamasina ragmen ¢alisma sonlarina
dogru daha acik, anlasilir ve nettir. Bu seviyede bazi dgrencilerin ¢alismanin baslarinda uygulamaya cevap
olarak ilgisiz agiklamalar yapmalarma ragmen ¢aliymanin orta ve sonlarina dogru uygulamalar ile ilgisiz
aciklamalar yapmamuslardir. O8 calismanin baslarinda yer alan 1. uygulamaya yazdigi agiklamalar dogrularin
birbirine gére durumlar1 konusu ile ilgisiz olarak iiggen, yamuk ve paralelkenardan bahsetmektedir. Bu dgrenci
2. ve 6. uygulamalara soru ile ilgisi olmayan, gereksiz agiklamalar yazmasma ragmen bundan sonraki
uygulamalarda gereksiz ve ilgisiz aciklamalar yazmamistir. Bu seviyedeki 6grencilerin bazilar1 gorsel olarak
algiladiklar1 bigimde agiklamalar yazmislardir. Bazi 6grencilerin yazdiklar1 yanlis olsa bile matematiksel bilgi ile
iliski kurmaya calismuslardir. O14, 2. Uygulamaya gérsel olarak algiladig sekilde “Ayse’nin dedigi dogrudur.
Ciinkii d ve e dogrulart birbiri ile istedigi kadar uzatilsin ¢akismazlar” cevabini yazmistir. Ogretmen 014’ye
dogrularin ni¢in kesigsmediklerini sordugunda “6gretmenin birbirine paralel goriiniiyorlar” seklinde cevap
vermistir. Ogrencilerden bazilarinin ¢aligmanmn baslarinda yazdiklarini icsellestirdikleri sonlara dogru ise birbiri
ile gelisen agiklamalar yapmadiklar1 gériilmiistiir. Ornegin, O8 14. Uygulamada, énce 4/6’nin 2/3’iin 2 kat1
oldugunu yazmasma ragmen daha sonra rasyonel sayilarin esit olabilmesi i¢cin pay ve paydanin ayni sayi ile
carptlmasi gerektigini belirtmistir. Bu iki ifade birbirinin zittir ve 6grencinin yazdiklarmi igsellestirmedigini
gostermektedir. Ayni 6grencinin daha sonraki uygulamalarda buna benzer hatasi tespit edilmemistir.

Tablo 4’de D seviyesindeki 6grencilerin ¢aliymanin baslarindaki bazi uygulamalara cevap olarak ilgisiz
aciklamalar yapmalarina ragmen calismanin ortalarinda ve sonlarina dogru ise uygulamalar ile ilgisiz
aciklamalar yapmadiklar1 belirlenmistir. 021, 2. etkinlige asagidaki gibi konu ile ilgisiz hatta dik a1 yerine dik
dogru, dogru ag1 yerine paralel dogru yazmistir. Ancak 6grenci ¢aligmanin sonlarindaki uygulamalara bu sekilde
aciklamalar yapmamustir. O6 ise ¢alismanin ortalarinda yapilan 18. uygulamaya cevap yazarken, gordiigii biitiin
sayilar1 toplamistir. Arastirmanim sonlarinda &grencilerin O21 gibi yazdiklar1 yanhs olsa bile yazdiklarmni
matematiksel bilgi ile iligkilendirmeye ¢alismiglardir.

Tablo 4°de E seviyesindeki 6grencilerin agiklamalari yeterince agik, anlasilir ve net olmadigi belirlenmistir.
Calismada veri toplama araci olarak kullanilan yazma uygulamalarmn ilk etkinliklerinden 2. uygulamaya 024,
etkinligin sorusunu hatali olarak cevaplamugtir. O24’{in cevab1 okuyucunun anlayacag: kadar agik, anlasilir ve
ifadeleri net olarak yazmadigini, eksik yazdigim gostermektedir. Konu ile ilgisiz agiklamalar yazmustir. Cilinki
dogruda agilar konusunda paralelkenar kavramma hi¢ deginilmemistir. 024 calismanin sonlarinda yapilan 20.
uygulamaya verdigi cevap yanlis olmakla birlikte, ayrmtili yazilmamis ve yeterince agiklama yapilmamistir. Bu
seviyedeki dgrenciler sorularin cevabini gorsel olarak algiladiklar1 sekilde agiklama yapmislardir. Ornegin 027
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aragtirmanin sonlarinda yapilan 19. uygulamaya verdigi cevapta matematiksel hesaplama yapilmadan, gorsel
olarak parantezlerin konumuna gore agiklama yazmustir.

3.1.1. Ogrencilerin ADPA 'min “Aciklamalarin Ozelligi” Temasindan Aldiklar: Puanlarin Ortalamalar

Ogrencilerin ADPA’nin “agiklamalarin 6zelligi” temasindan aldiklar1 puanlarin ortalamalar1 Sekil 20°de
sunulmugtur. Puanlama yapilmadan 6nce 1.-8. uygulamalar (1. ve 8. dahil) basta, 10.-17. uygulamalar (10. ve 17.
dahil) ortada, 19-26. uygulamalar (19. ve 26. dahil) sonda olmak iizere 3 kisma ayrilmistir. Bastaki uygulamalar
ile ortadaki uygulamalar arasinda kalan 9. uygulama ve ortadaki uygulamalar ile sondaki uygulamalar arasinda
kalan 18. uygulama dahil edilmemistir.

4.00
3.00
2,00 I II
0.0 II HER a=nm
A3 kisi) B(S ks C(10kisi) D(2kisi) E (10 kisi)
WmBasta M Ortada Sonda

Sekil 5. Ogrencilerin ADPA’nim agiklamalarin 6zelligi temasindan aldiklar1 puanlarm ortalamalari

Sekle 5’e gore A ve E seviyesindeki 6grencilerin basta, ortada ve sonda aldiklari puanlarin ortalamalar1
arasinda belirgin bir fark yoktur. B, C ve D seviyesindeki 6grencilerin sonda aldiklar1 puanlarin ortalamalarinin
arttig1 belirlenmigstir. Tim zaman dilimi i¢in uygulamalarda yapilan matematiksel agiklamalarin anlagilirhg:
temasinda en basarisiz grubun E oldugu belirtilebilir. Ayrica ¢aliymada yapilan uygulamalarm tiim zaman
araliginda (basta, ortada ve sonda) basar1 seviyesine gore gruplara ayrilan 6grencilerin puanlarmin ortalamalari
arasinda fark oldugu belirlenmistir.

3.2. “Matematiksel Dili Kullanma” Temasindan Elde Edilen Bulgular

Akademik basarilarina gore ayrilmis Ogrencilerin uygulamalara verdigi yazili cevaplar, matematiksel dili
kullanma temasi altinda incelenerek olugturulan kodlar Tablo 4’de sunulmustur. Bu kodlara hangi 6grencilerin
kagitlarindan ulasildigi, calismanin hangi asamasinda yapilan uygulamalarda karsilagildig: tabloda belirtilmistir.

Tablo 5. Matematiksel dili kullanma temasina gore olusturulan kodlarda yer alan 6grenciler

° Matematiksel Matematiksel Matematiksel Kendine Farkh
2 sembol kelime kullanma  sekil kullanma  6zgii kelime sembollerin
é kullanma ve sembol kullaniminin
kullanma farkinda olma
Az 01, 02,03 02,01, 03 02,01,03 -
§ s Bs 05, 07,033 06,04 033,05 033
22 Cw 09010011, 012,69 014,012,09 031,09, 014,
zz 08, 014 012,034 =
(‘3« - Dy 015, 035 021,035, 020 o18 018, 022
Eqp 032, 027 027, 025 025, 023 032
As 01, 03,02 02,01, 03 01, 03,02 03 03, 02, 01
Es Bs 033,04, 07 07,06, 026,04 033,06 05, 04 06,04 05, 033
g g Cio 09, 034, 010 01_1,097‘014, 09, 012,014 010, 09, 013 Q14,Q10,Q9,
Z £ o . 010,034 o o . 031,0I1,08
SO Dg 019, 016 020, 018,035,017 019,018 020,035,019 ------
Eqp 030, 026 024, 027, 025 025, 023, 024 030 -
As 02, 03,01 02, 03,01 02, 01, 03 01 02, 03,01
P Bs 05 033,07, 05033,07,04, 033,04,06, - 04, 07, 033,
= . 04,06 .96 07,05 Lo
g Cio 09, 034, 031, 013, 08, 034, 031, 08,010,  ------- 09, 010,014,
2 012,010,  010,09,011,014 012, 011,013, 012, 031,09
g . 013,014 o .. ol -
g Dy 020,018, 022 020, 021, 015, 020, 021, O1e, 015,022, -
= 022,018 017,022 016
S En 028,032,025 026030027, 030,028,032 (0710 72 K —
030 024,037

Tablo 5’e gdre, matematiksel sembol kullanma kodunda, tiim seviyedeki &grencilerin sembol kullandiklar:
gorilmiistiir. E seviyesindeki 6grencilerin kelime kullanimlari sinirhidir. Kelime kullanimlarinda belirgin bir artis
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yoktur. D seviyesindeki O0grencilerin matematiksel kelime kullanimi istenen diizeyde olmamasina ragmen E
seviyesindeki o6grencilere gore daha yogundur. B ve C seviyesindeki Ogrencilerin matematiksel kelime
kullanimlarini zamanla arttirmistir. A seviyesindeki 6grenciler ise ¢alismanin baginda, ortasinda ve sonunda
istenen seviyede matematiksel kelime kullanmiglardir. Matematiksel sekil ¢izme koduna gore E seviyesindeki
ogrencilerin yeterince sekil ¢izmedikleri belirtilebilir. D seviyesindeki 6grencilerin sekil ¢izimi belirgin olarak
artiy gostermistir. C ve B seviyesindeki Ogrencilerin sekil ¢izimi c¢aligmanin sonlarinda yogunlasmustir. A
seviyesinde ¢alismanin her agsamasinda sekil ¢izimi vardir. Kendine 6zgii kelime ve sembol kullanma kodunda, E
ve D seviyesindeki 6grencilerde kendine 6zgii kelime ve sembol kullanim1 vardir. Ancak bu 6grencilerde bir
artigtan soz edilemez. Ayrica C ve B seviyesindeki dgrenciler ¢caligmanin baslarinda kendine 6zgii kelime ve
semboller kullanmis olsa bile calismanin sonlarinda kendine 6zgii kelime ve sembol kullanimi yoktur. A
seviyesinde bir Ogrenci disinda kendine 6zgii kelime kullanimi tespit edilmemistir. Farkli sembollerin
kullanimmin farkinda olma koduna gore, E ve D seviyesindeki 6grencilerin farkli sembol kullaniminm farkinda
olmadiklari, diger seviyedeki d6grencilerin farkinda olduklar1 sdylenebilir.

Tablo 6’da 6grencilerin uygulamalara verdikleri yazili cevaplardan matematiksel dili kullanma temasi ile
ilgili 6rnek alintilar sunulmustur.

Tablo 6’ya gore A seviyesindeki dgrencilerden olan O1, 2. uygulamada iki dogrunun paralel oldugunu
belirtmek i¢in “//” sembolii kullanmustir. O1, bu seviyedeki diger dgrenciler 3. uygulamaya cevap yazarken
pozitif, negatif kelimelerinin yaninda + ve — sembollerini ve bunlar arasindaki ¢arpma islemi sonug¢larinin pozitif
veya negatif olacagini gostermistir. O1 caligmanin ortalarinda yapilan 8. uygulamaya cevap yazarken dnce
negatif tamsayilarin her birini “-1” sembolii ile gdstermistir. O1 aragtirmanin sonlarindaki 20. uygulamaya
karenin kenarmin 3 birim artmasmi asagidaki sunuldugu gibi belirterek karenin cevresini ve alanmni
hesaplamustir. Ogrenci burada karenin gevresini sembol kullanarak iki farkli sekilde belirtebilmistir. Bu
seviyedeki ogrencilerden O1 galismanin ilk uygulamasinda konu ile ilgili olarak “paralel dogru”, “kesisen
dogru” ve “dik dogru” kelimelerini yogun olarak kullanmistir. Bu 6grenci ilaveten “cakigik” kelimesini de
kullanmistir. O1, 2. Uygulamaya agiklama yazarken “paralel”, “yondes ac1”, “ters ac1”, “i¢ ters acr”, “dis ters
ac1”, “kesisme” kelimelerini kullanmistir. O1 ¢alismanin ortalarinda yapilan 10. uygulamaya diger 6grencilerden
farkli olarak “islem onceligi” matematiksel kelimesini kullanmistir. O3 dogrular ve agilarla ilgili olarak yapilan
ilk iki uygulamada kullandig1 matematiksel kelimelere 6rnek olarak, “paralel dogru”, “kesigsme”, biitiinler ag1”,
“kesen” verilebilir. Burada ilk uygulamalar olmasina ragmen &grencinin matematiksel kelimeleri kullandigi
goriilmektedir. O3 caligmanin sonlarinda yapilan 21. uygulamada “denklem”, “esitlik”, “denklem ¢dziimii”,
“bilinmeyen” vb. matematiksel kelimeleri kullanmistir.

Ogrencilerin gizdikleri sekiller incelendiginde, O2 galigmanin 2. uygulamasinda d ve e dogrularmin paralel
oldugunu, ne kadar uzatilirsa uzatilsm kesismeyeceklerini belirtmistir. O2 c¢alismanin sonlarinda yapilan 22.
uygulamaya sekil cizmistir. Bu seviyedeki ogrencilerin O3 disinda higbirinde kendine 6zgii kelimelere
rastlanmamistir. O3 ise sadece 13. uygulamaya cevap yazarken rasyonel sayilarm, tamsay1 ve dogal sayilari
kapsamasini kastederek rasyonel sayi kiimesi i¢in “ailenin en biiyiigii” kelimesini kullanarak kendine 6zgii
olarak aciklamaya ¢alismistir.

Tablo 6’ya gore B seviyesindeki dgrencilerden O33 g¢alismanin ilk uygulamasinda istenen matematiksel
kelimeleri kullanamamistir. Ancak ogrencinin “paralel”, “kesen” ve “dik kesen” kelimelerini kullandigi
gOrilmiistiir. 2. uygulamada ise 6grenci “kesisme”, “i¢ ters ag1” ve “dis ters a¢1” kelimelerini kullanmistir. Ayni
ogrenci 6. uygulamada “negatif tam sayilar” yerine “(-) isaretli sayilar” ifadesini yazmustir. Ancak O33
caligmanin ortalarinda yer alan 16. uygulamada “ondalik kesir” kelimesinden bahsederek dogru bir sekilde
kullanmistir. Yine benzer olarak bu seviyedeki O7 cahsmanin ilk etkinliginde cevap yazarken ilgisiz olarak
“iggen” kelimesini kullanmistir. Ancak bunun disinda konu ile ilgili olarak “paralel” kelimesini de kullanmustir.
Diger uygulamalarda dgrenci ilgisiz kelime kullanmamistir. O7 calismanm ortalarinda yapilan 13. uygulamaya

LC LT3 LERNNT3 ERINT3

cevap yazarken “bilesik kesir”, “pay”, “payda”, “tamsay1” kelimeleri kullanmistir. Ayni 6grenci ¢aligmanin
sonlarinda uygulamalara cevap yazarken “denklem”, “bilinmeyen”, “¢6ziim kiimesi”, “dogru orant1”, “ters
orantr” vb. konu ile ilgili kelimeleri siklikla kullanmistir. Bu seviyedeki 6grencilerden O4, bilinmeyen yerine X,
y ve a gibi harflerin yazilabilecegini belirttikten sonra y ve a harflerinin de x ile ayni anlam tasiyacagini
belirtmistir. Ogrenci burada, x’in bilinmeyen olarak daha fazla kullanilmasina ragmen y ve a’nin da ayn1 anlami

tagiyacagini belirtmesi, matematiksel sembolleri kullaniminin farkinda oldugunu gésterebilir.
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Tablo 6. Matematiksel dili kullanma temasina gére 6grenci cevaplarmdan drnekler

Uy
No

Ornek Cevaplar

Calismanin Basinda

Calismanin Ortasinda

Calismanin Sonunda

> Seviye

(o8]

O

>0

2

N PODNE O W

20
21

22

21
22
24
22

23
25
20

22

20
22

/1, “paralel dogru”, “kesisen dogru”, “dik dogru” ve “cakisik” “paralel”, “yondes agi”, “ters
agt”, “i¢ ters ag1”, “dis ters ag1”, “kesisme” (Ol)
“paralel dogru”, “kesisme”, biitiinler aci”, “kesen” ( O3)

e

-t
/ i)
/

/
P VAN

¥ 4
el (02)

+, -, “pozitif”, “negatif”, (+).(+)=(+), (+).()=(+), ().(+)=(), (-)-()=(+) (OI)
kirmizi pul (-1) (O1)
“paralel”, “kesen” ve “dik kesen” (033) “iiggen” “paralel” (07)
“kesisme”, “i¢ ters ac1” ve “dis ters ag1” (033)
“(-) isaretli sayilar” (033)
“dikdortgen”, “iiggen”, “yamuk”, “paralelkenar’(08) “paralel”, “dogru” “dogru parcasi” (012)
“acilarin paralel” (08) “i¢ ters ac1”, “dis ters a¢1”, “yondes ag1” (09)
Carpisan dogrular, iki dogru u¢ noktalarda ¢carpisiyorsa bu ¢arpisan dogrudur (O14)
“60°'nin ters agist ¢caprazinda oldugu igin orasi 60° olur” (034)
10 ile ¢arpildiginda kiigiilen sayr vardir. Bu sayiar eksili sayilardir. Ciinkii eksi ile artiyi
carptigimizda sonug negatiftir (O14)
“pozitif”,” negatif” (020)
“islem onceligi”(O1)
...rasyonel sayilar biitiin sayilart icine alir. Bu da ailenin en biiyiigii anlamina gelir... (03)

EEY]

“bilesik kesir”, “pay”, “payda”, “tamsayr”(07)

“ondalik kesir” (03)

“pozitif tamsayi, “ negatif tamsayr” (010)

“pay”, “payda”, “kesir”, “bilesik kesir” (034) “virgiillii sayilar” (O13)

bence Ali’nin ¢oziimii digerlerine gére daha kolaydir. Ama digerleri zor ve karisiktir. Ben de
olsam Ali’nin ¢oziimii gibi yapardim...dogru yapmistir. Ama onun yaptigi ¢oziim uzun uzundur.
... dogru yapmisgtir. Ama O6 ile O14 nin ki uzundur (O17)

Ayse nin ki ise sade bir sekildedir (030)

Cevresi (x+3)+(x+3)(x+3)+(x+3)=4x+12 ya da 4.(x+3)=4x+12 olur (O1)

“denklem”, “esitlik”, “denklem ¢oziimii”, “bilinmeyen” (O3)

f
L=

el
Mo i

Bx+b = Sm (02)

“denklem”, “bilinmeyen”, “‘¢oziim kiimesi” (07)
x, y, a (04)

“dogru orant1”, “ters orant1” (O7)

( - : -ri f ern l_ ._1-__3 =
f %

[

L

LTt (014) (031)
“bilinmeyen”, “denklem”, “kiip”, “kare”, “esitlik”, “sonsuz”, “¢éziim kiimesi” (Ol 1)
“dogru oranti”, “ters orant1”(0O14)
x+3+x+3+x+3+x+3+x+3=x+15 (020)

7 H i
WV £ 7

S =15, (021)
“coziim”, “dogru” ve “yanhs” (024)

: i

(032)
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25 Dogru oranti 2 tarafta da ayni isi yapar (024)

Tablo 6’ya gore C seviyedeki O8 calismanin basinda yapilan 1. uygulamaya ilgisiz olarak “dikddrtgen”,
“licgen”, “yamuk” ve “paralelkenar” kelimelerini konu ile ilgisiz olarak kullanmistir. Daha sonraki uygulamada
da dogrularin paralelliginden bahsederken “acilarin paralel” olacagini belirtmistir. Ancak diger uygulamalarda
buna benzer durumla karsilagitimamistir. Ogrenci yanlis cevap yazdigi uygulamalarda bile ilgisiz kelime
kullanmamustir. C seviyesindeki 6grencilerin ¢alismanin ilk uygulamalarinda akademik basarisi ¢ok diisiik ve
diisiik 6grencilere gore daha yogun matematiksel kelime kullandiklar1 belirlenmistir. Ornegin ilk uygulamalarda
“paralel”, “dogru”, “dogru pargasi”, “i¢ ters ag¢1”, “dis ters a¢1”, “ydondes ag1” vb. ortadaki uygulamalarda yine
akademik basar1 seviyesi diisiik ve ¢ok diisiik olan gruplara gore daha yogun matematiksel kelime kullanimi

EEINT3 LLINT3 LLINT3

vardir. Ornegin “igler dislar carpimi”, “pozitif tamsayi,  negatif tamsay1”, “pay”, “payda”, “kesir”, “bilesik
kesir” vb. Caligmanin sonundaki uygulamalarda “bilinmeyen”, “denklem”, “dogru orant1”, “ters orant1”, “kiip”,
“kare”, “esitlik”, “sonsuz”, “¢dziim kiimesi” matematiksel kelimelerin kullanimi vardir. Bu seviyedeki
dgrencilerin arastirmanin baslarinda kendilerine 6zgii kelime kullandig1 tespit edilmistir. O14, 1. uygulamada
“kesisen dogru” yerine kendine 6zgii olarak “carpisan dogru” ifadesini kullanmistir. Yine aymi &grenci 6.
uygulamada “negatif sayilar” yerine kendine 6zgii olarak “eksili sayilar” ifadesini kullandigi goriilmektedir.
013, calismanin ortasinda uygulamada ondalik sayilar yerine “virgiillii sayilar” ifadesini kullanmistir. Bu
seviyedeki dgrencilerden olan O34, 2. uygulamada ters ac1 kavramina aciklama olarak “ters ac1” ile “capraz”

kelimesini iligkilendirmistir. Ancak sonlarda yapilan uygulamalarda bu tiir durumlara rastlanmamustir.

Tablo 6’ya gore D seviyesindeki 6grencilerden 020, 4. uygulamasinda “+, “-* yerine “pozitif”, “negatif”
kelimelerini kullanmay1 tercih etmistir. Ogrenciler sembol yerine kelime kullanmay1 tercih etmislerdir. 020
caligmanin sonlarindaki 20. uygulamada sembolleri dogru kullanmasina ragmen bu semboller arasindaki iglemi
yanlis cevaplamstir. Ogrenci burada sayilar1 toplamasina ragmen, x degiskenini toplamamustir. D seviyesindeki
ogrencilerin sekil cizmelerinde artis gdstermistir. Ancak bazen sekil ile soru arasinda iliski kuramamuslardir. 021
¢alismanin sonlarinda yapilan 22. uygulamada sekillerin biri ile iligki kurmasma ragmen digeri ile iligki
kuramamustir. Ogrenci soldaki sekilde kitabm kisa kenarinim &lgiimiinde silginin 3 kez ug uca eklendiginde 6 cm
eksik kalmasini gostermesine ragmen sagdaki sekilde silginin 5 kez eklendiginde 2 cm fazla gelmesini
gosterememistir. D seviyesinde, farkli sembollerin kullanimmin farkinda olma koduna gére &grenci yazilari
incelendiginde, O17 rasyonel sayilarin farkli gosterimleri ile ilgili olan 17. uygulamada gdsterimlerden
bahsetmemesi uygulamadaki soru ¢dziimlerine bakarak yorum yazdigini gostermektedir.

E seviyedeki &grencilerin kelime kullamimlar1 sinrl ve kullandiklar kelime cesidi azdir. Ogrencilerin
uygulamalara cevap yazarken kullandiklar1 kelimeler genellikle uygulama kagidinda soruyu ifade ederken
kullanilan kelimelerden olugmaktadir. Bu seviyedeki tiim dgrencilerde uygulama baslarinda ilgisiz matematiksel
kelime kullandigi, matematiksel kelime kullaniminda belirgin bir artis olmadig1 belirlenmistir. Ornegin O37
¢alismanin sonlarinda yapilan 20. uygulamasinda ¢ok fazla matematiksel kelimenin kullanilabilecegi
uygulamada 6grenci neredeyse hi¢ matematiksel kelime kullanmamistir. Bu basar1 seviyesinde olan baska bir
ogrenci de benzer olarak ayni uygulamada “¢céziim”, “dogru” ve “yanlis” kelimelerini kullanmis onun diginda
matematiksel kelime kullanmamustir.

E seviyesindeki 6grencilerden bazilart hi¢ sekil ¢izmezken, bazilari da sekil ¢izmis ancak uygulama ile
iliskilendirmemistir. 032 g¢alismanin sonlarindaki 22. uygulamada cizdigi sekil Tablo 6’da sunulmustur.
Ogrenci sadece kitap resmi cizmeye calismistir. Bu seviyedeki dgrencilerden bazilar1 kendine 6zgii ifadeler
kullanmustir. Ornegin, sonlarda uygulanan 25. etkinligine 024 “dogru orant1 2 tarafta da ayni isi yapar” ifadesini
yazmustir. Ogrenci yeterince agiklama yapmamis olsa da dogru orantili iki gokluktan biri azalirken digeri de
azalir. Biri artarken digeri de artar kuralini agiklamak i¢in kendine 6zgii ifadeler kullanmistir. Yine benzer
sekilde O30, Tablo 6’da sunulan &rnekte, 17. uygulamada bilesik kesre cevirme islemini kendine gore “sadelik”
kelimesiyle agiklamaktadir.

B seviyedeki O5°de farkli sembollerin kullammmin farkindadir. O5, 14. uygulamada 6/9, 18/27, 54/81
sayilarinin 2/3 rasyonel sayilarina esit oldugunu belirtmistir. Benzer olarak 17. uygulamada da bilesik kesirlerin,
tamsayi1l1 kesirlerin tamsay1 ve basit kesir cinsinden yazilabilecegini ifade etmistir. Bu basar1 seviyesinden diger
ogrencilerden 033 ve O4’de ayni uygulamalara benzer cevaplar yazmustir. O4 calismanm sonlarindaki 22.
uygulamada “y, a” sembollerinin “x” sembolii ile ayni anlamda kullanilabilecegini belirtmistir.

C seviyedeki dgrencilerden O14, 8. uygulamada temsil eden model olarak (+12):(+2)=(+6) yazmustir. Burada
ogrenci kirmizi pullarin negatif sayilart temsil etmesi gerektigini dikkate almamistir. Ayn1 6grenci ¢alismanin
sonlarinda yapilan 19. uygulamada (2x)*® ile 2x° ifadesinin ayn1 olmadigini “birincisinde parantezin kiipiinii al
demektir. 2x* ise yalnizca kiipiinii al demektir. Bu yiizden bunlarm ikisi esit degildir” seklinde ifade yazmustir.
Ogrencinin sembolleri dogru olarak kullandig1 anlasilmaktadir. C seviyesindeki ogrencilerden O14 ilk
uygulamada paralelkenar gizerek, seklin yanma “paralel dogruya yani bu sekle esittir ¢iinkii birbirine yatay
gittikleri i¢in paralel dogrudur” seklinde agiklama yazmustir. Ancak yeterli iligkiyi kuramamistir. Ayni 6grenci
calismanin ortalarinda yapilan 18. uygulamada ¢cemberler cizerek kesirleri bunlari igerisine yazmistir. Ancak
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problemde yer alan hi¢ takim tutmayan 5 kisiyi de kesirlerde oldugu gibi sekil igerisine yerlestirmistir. Ogrenci
kesirler ile 5 sayisin1 aynt mantik igerisinde kullanmigtir. Halbuki soruda verilen 5/12 vd. kesirleri 6grencilerin
5/12’si seklindedir. Yani 5 tam sayismin belirttigi mantikla ayn1 anlamda degildir. Ogrenci burada sekil gizerek
iliski kurmaya ¢alismistir. Ancak istenen diizeyde bunu yapamamistir. Ayn1 6grenci ¢alismanin sonlarmdaki 22.
uygulamaya Tablo 6’da verilen sekli ¢izmistir. Ogrenci burada sekil ¢izerek, soru ile arasinda iliski kurmaya
calismustir. Benzer olarak bu seviyedeki 031, 22. uygulamada Tablo 6’da verilen sekli ¢izmistir. Ogrenci burada
akademik basar1 seviyesi diisiik ve ¢ok diisiik olan 6grencilerden farkli olarak, ayni seklin birbirine esit farkli
kenarlar1 iizerinde silgiyi 3 kez ve 5 kez ekleyerek, artmay1 ve fazla gelmeyi dogru bir bicimde gosterebilmistir.

D seviyesindeki dgrencilerden O17 galismanin baginda yapilan 4. uygulamada hi¢c sembol kullanmamustir.
Bunun yerine agiklamalarini kelime kullanarak yapmustir. Bu seviyedeki Ogrencilerden bazilar1 ayni konuda
kullanilan kelimeleri, birbirlerinin yerine kullandiklar1 belirlenmistir. Ornegin “kenar” yerine “kdse” kelimesini,
“ac1 6l¢iisii” yerine “a¢1” kelimesini, “dik a¢1” yerine “dik dogru” kelimesini kullanmiglardir. Ancak arastirmanin
sonlarinda bu tiir kelime kullanimina rastlanmamaistir.

E seviyesindeki dgrenciler sembol kullanmiglardir. Ancak bu sembollerin kullanim sekli dogru degildir.
Matematiksel icerik ile sembolleri dogru olarak iligkilendirememislerdir. Bu seviyedeki 6grenciler genellikle
geemis yillarda 6grendikleri sembolleri daha dogru olarak kullanmaktadirlar. Yeni 6grendikleri matematiksel
sembolleri (x, y vb.) nadiren kullanmaktadirlar. Ayrica degisken semboliiniin kullaniminda ve islemlerinde
yanlighklar vardir. Ornegin 025 degisken sembolii olan x ile sayilar arasindaki farki tespit edememistir. “x” ile
“3” sayismi topladiginda sonuca “4x” yazmustir. Benzer olarak “x” ile “4” sayisini topladiginda “5x” yazmustir.
Ogrenci semboller arasinda farki tespit edememistir.

3.2.1. Ogrencilerin ADPA 'nin “Matematiksel Dil Kullanimi” Temasindan Aldiklart Puanlarin Ortalamalar:

Ogrencilerin ADPA’nin “matematiksel dil kullanim1” temasindan aldiklar1 puanlarm ortalamalar1 Sekil 6°da
sunulmustur.

4.00
3.00

1.00
0.00
A3 kisi) B{5Skisi) Cil0kisi) D9 kisi) E (10 kisi)
Basta Ortada Sonda

Sekil 6. Ogrencilerin ADPA’nin matematiksel dil kullanimi temasindan aldiklar1 puanlarimn ortalamalar1

Sekil 6’daki verilerde; A ve E seviyesindeki dgrencilerin bastaki ve ortadaki puanlarinin ortalamalar:
arasinda bir fark olsa da, sondaki puanlarinin ortalamalari arasinda belirgin bir fark yoktur. Bu durum yazma
uygulamalarinin, akademik basaris1 ¢ok diisiik olan gruptaki 6grencilerin matematiksel dil kullanimini belirgin
bir sekilde gelistirmedigini gosterebilir.

Sekil 6’daki verilerde; B, C ve D 6grencilerin, ¢aligmanin baginda, ortasinda ve sonunda aldiklar1 puanlarin
ortalamalar1 arasinda belirgin bir artig oldugu goriilmektedir. Bu durumda yazma uygulamalarinin, akademik
basaris1 diistik, orta, yliksek ve cok yiiksek olan gruptaki dgrencilerin matematiksel dil kullanimina katk1
sagladig1 sdylenebilir.

Sekil 6’ya gore, tiim zaman dilimi i¢in uygulamalarda yapilan matematiksel dil kullanimi temasinda en
basarisiz grubun akademik basar1 seviyesi ¢ok diisiik grup oldugu belirtilebilir. Ayrica calismada yapilan
uygulamalarin tiim zaman araliginda (basta, ortada ve sonda) basar1 seviyesine gore gruplara ayrilan grencilerin
puanlarmin ortalamalar1 arasinda fark oldugu belirlenmistir. Bu durumda &grencilerin kullandiklari matematiksel
dilin akademik basarilarma gore farklilik gosterdigi soylenebilir.

3.3. “Matematiksel Yap: ve Hesaplamalar” Temasindan Elde Edilen Bulgular

Akademik basarilarina gore ayrilmis tiim 6grencilerin uygulamalara verdigi yazili cevaplar, matematiksel
yap1 ve hesaplamalar temasi altinda incelenerek olusturulan kodlar Tablo 5°de sunulmustur. Bulgular verilirken
algoritma kurma ve hesaplama yapma ifadeleri kullanilmigtir. Algoritma kurma ile bahsedilmek istenen
uygulamaya cevap yazilirken yapilmasi diisiiniilen tiim siirecler kastedilmektedir. Hesaplamalar ise bu siireg
icerisindeki iglemlerdir. Bu durumda uygulamaya cevap yazilirken oOnce algoritma kurulur ardindan
hesaplamalar yapilir. Yanlis kurulan bir algoritmada hesaplamalar dogru olmasina ragmen sonugta istenen
cevaba ulagilmayabilir.

Tablo 7’de, eksik, ilgisiz veya gorsel olarak algilanan sekilde hesaplamalar yapma koduna gore, E
seviyesindeki Ogrenciler ¢alismanm tiim zamanlarinda eksik, ilgisiz veya gorsel olarak algilanan sekilde
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hesaplamalar yapmislardir. D seviyesindeki 6grenciler, E seviyesindeki dgrenciler kadar olmasa bile yine her
zaman diliminde eksiz ve ilgisiz hesaplamalar yapmiglardir. C seviyesindeki 6grencilerin yaptiklar: hesaplama
ve algoritmalarda gelisim oldugu belirlenmistir. B ve A seviyesindeki Ogrencilerde bir gelisim olmadigi
sOylenebilir.

Tablo 7. Matematiksel yap1 ve hesaplamalar temasina gore olusturulan kodlarda yer alan 6grenciler

Eksik, ilgisiz veya gorsel olarak Farkh yap1 ve Sonucu degerlendirme
5 algilanan sekilde hesaplamalar hesaplama (sonucun dogrulugunu ve
3 yapma yontemi mantikhihgim kontrol
» gelistirebilme etme)
A 01 01
- Bs 033, 06,04 033,05 e
£E8 Cyp 010, 012, 034, 09,011, 08, 034
£ =2 014,08,031
S @& Dy 021,035,017,016,019, o6 e
~ 021,018,022
Eio 023,032,028,026,024,025,036,029 0% e
oA e OLO2L03 e
£  Bs 06,04 05,033,071 e
2% Co  012,034,014,011 08,010,014 031
) Dg 020, 017, 016, 021, O15, O19 02 emeee-
Eip 026,025,029,023,036,032,028,030 - -
A 02,03 e
<« Bs 06,04 033,05,04 e
EE  Cuy 034,014 08,031 e
:;} S Dy 016 035 020,019, 015, 018 (o) - T —
P Ep 025029,023,036,028,026,032,024 e e
, 030

Farkli yap1 ve hesaplama yontemi gelistirebilme koduna gore, E seviyedeki dgrencilerden biri disindaki
higbir 6grencide farkli algoritma ve hesaplamaya rastlanmamistir. Benzer sekilde D ve C seviyelerinde de sinirl
ogrenci farkli hesap ve algoritma kullanmasmna ragmen, basar1 seviyesi B ve A olan 6grencilerde 6zellikle
calisgmanin orta ve son bdlimlerinde yapilan ¢alismalarda farkli algoritma ve hesaplama kullanimi
goriilmektedir. Tablo 7’ye gore ayrica sadece iki 6grencinin bulduklar1 sonucun dogrulugunu ve mantikliligini
kontrol etmiglerdir.

A seviyesindeki 6grencilerin yaptiklar1 hesaplardaki eksiklik yok denecek kadar azdir. Ayrica bu 6grencilerin
tiim zaman arahiginda yaptig1 hesaplamalar ilgisiz ve gorsel olarak algilanan sekilde degildir. Ornegin, O1, 12.
uygulamada Sekil 7°de sunulan hesaplamay1 yapmustir:

( = = 5 5, = 3
(44%) L) B ey &2 =3

o = 1
S 3 Ay 2 ot {.qprm so=t

T Bale=(-) s

) CD+ (5)= B3 (W2)+(5)= (+18)
7 (+3) y ()= (+8)
+9) + (5)= (+13)

Sekil 7. O1’in ¢alismanin ortasindaki cevabi

Ogrenci burada her yarim saatte 5 derecelik 1s1 diisiisiinii gdstererek 3 saatin sonunda olusan (-7) derecelik
sicakliktan yola cikarak ilk sicakliga ulasmaya calismustir. Ogrenci hesaplama yaparken son duruma 5 derece
eklememistir. Dolayisiyla eksik hesaplama yapmustir. Istenen cevap 23 derecedir. Bu seviyedeki 6grenciler farkli
¢dziim algoritmalar1 ortaya koyabilmislerdir. Bu dgrencilerden olan O1, 17. Uygulamada, biitiin rasyonel
sayilarin paydasini esitlemek yerine daha pratik bir ¢6ziim yolu olarak tamsayili kesirler digerlerinden daha
biiyiik olacagindan onlar1 hesaba katmamistir. Diger sayilar1 da kendi arasinda inceleyerek ¢oziime ulagmustir.
Yine bu basar1 seviyesindeki 6grencilerden olan O3, 15. etkinligine cevap yazarken say1 dogrusunda rasyonel
sayilar1 yerlestirirken 0’1n yerini bulabilmek i¢in dncelikle say1 dogrusunda ikiye bolmek gerektigini belirtmistir.
Yani 6grenci -2 ile 2’nin tam ortasmin “0” olacagmi diisiinmiistiir. Benzer mantikla diger noktalara karsilik
gelen sayilart bulmustur. Dolayisiyla A seviyesindeki 6grencilerin uygulamalardaki sorulara farkli algoritmalari
gelistirebildikleri sdylenebilir.

B seviyesindeki Ogrencilerin basta, ortada ve sonda yazma uygulamalarina verdigi cevaplarda eksiklik
olmasma ragmen bu eksiklik E, D ve C seviyesindeki 6grenciler kadar fazla degildir. Ayrica bu 6grencilerin
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yaptig1 hesaplamalar ilgisiz ve gorsel algiladiklar sekilde degildir. Ornegin, O4 arastirmanin baslarinda yapilan
3. uygulamada algoritmas: dogru olmasma ragmen 16 tamsayisindan 21 tamsayisini ¢ikardiginda sonucu -5
yerine -4 olarak yanlis bulmustur. Ogrenci 9. uygulamaya verdigi cevapta 1. ve 2. dizinin verilmeyen terimini
bulmasma ragmen 3. dizinin verilmeyen terimini hesaplayamamistir. Benzer olarak ayni 6grenci ¢aligmanin
sonunda yapilan 20. uygulamada karenin ¢evresini hesaplarken dnce iki kenarm uzunlugunu “x+6” olarak yanlis
hesaplamig ardindan “x+6” ile “x+6” ifadelerini toplarken yanlis bir sekilde cevabi “x+12” olarak bulmustur.
Ancak &grenci aymi uygulamada karenin alanini dogru olarak hesaplayabilmistir. O4 “oran-oranti-2”
uygulamasinda “...3 musluk havuzu 5 saatte dolduruyor. 4 musluk daha kisa siirede doldurur. Biri artarken
digeri azalir...ters orantidir...” seklinde algoritma kurarak dogru olarak soruyu cevaplamistir. Bu seviyedeki
ogrenciler sonucun mantiklihigni kontrol etmemislerdir. O4 g¢alismanin sonunda yapilan “denklemler-2”
uygulamasinda soruda verilen duruma uygun olarak denklemi dogru kurmasma ragmen yanlig hesaplama
yaparak bilinmeyen say1y1 (-2) olarak bulmustur. Ogrenci burada x semboliinii silginin boyunun uzunlugu olarak
almustir. Dolayistyla sonucun negatif bir tamsay1 ¢ikmamasi gerekirdi. Ogrenci buldugu sonucun mantikliligimni
diisiinmemistir.

C seviyedeki 6grencilerin yaptiklari hesaplama ve algoritmalarda iki 6grenci disinda gelisim belirlenmistir.
Ornegin, O11 baslarda yapilan 3. uygulamada, 7 giinde azalacak sicaklik degerini “-21” olarak bulmasina
ragmen daha sonra yanlig algoritma kurarak 16 ile 21 sayilarmi birbirinden ¢ikarmasi gerekirken, ¢arpmustur.
Ayn1 8grenci 5. uygulamada da yanlis algoritma kurarak soruyu cevaplayamamustir. O11, 9. uygulamada da
soruda verilen 1. ve 2. dizinin terimini dogru olarak hesaplamasina ragmen 3. dizi i¢in algoritma kuramamustur.
Bu 6grenci caligmanin ortalarinda yapilan tamsayilarla problem ¢6zme uygulamalarinda yanlis algoritma kurarak
soruyu cevaplayamamistir. Ancak caligmanin sonlarinda yapilan 22. uygulamada denklemleri dogru kurarak
“3x+6=5x+2" olarak yazabilmistir.

D bagar1 seviyesindeki bazi 6grencilerin ¢aligmanin basindaki uygulamalarda yanlis algoritma kurarak, yanlis
hesaplamalar yapmalarima ragmen, ¢alismanin ilerleyen uygulamalarinda sadece eksik hesaplamalar yaptiklar1
belirlenmistir. Bu &grencilerden O18 g¢alismanin ortalarinda yapilan 11. uygulamada, sicakhigmn 36 derece
diisecegini bulmasma ragmen geri kalan hesaplamay1 yapamamustir. Ogrenci eksik hesaplama yapmustir. Ayni
ogrenci 19. uygulamada “2x™" cebirsel ifadesini “2x” ile garparak yanhs bir sonug olarak cevabr “4x>” olarak
bulmustur. Burada 6grenci sayilart dogru carpmasmna ragmen cebirsel ifadelerin ¢arpimint dogru olarak
yapamamustir. 018, 22. uygulamada problemi ¢dzerken silginin boyunu hesaplamustir. Kitabin boyunu bulmasi
icin bu sayty1 denklemde yerine koymasi gerekirdi. Dolayisiyla dgrenci eksik ¢oziim yapmistir. Daha sonraki
uygulamada ise 0grenci karenin ¢evresini temsil eden “x+4” cebirsel ifadesini dogru bulmasma ragmen bu
ifadelerin toplamasmi yaparken sonucu “4x+12” yerine “x+12” olarak bulmustur. Ogrenci eksik hesaplama
yapmustir. Benzer sekilde oran-oranti uygulamalarinda da eksik algoritma ve hesaplama vardir. Bu seviyedeki
dgrencilerde sonucun mantikli olup olmadigim diisiinmemislerdir. Ornegin O15, 8. uygulamada modeli temsil
eden matematiksel islemi (-12)+(-12)=(+24) seklinde yanlis olarak belirtmistir. Ogrenci pullarin negatif sayilar:
temsil ettigini dolayisiyla sonucun negatif olmasi gerektigini diisiinememistir.

E seviyedeki 6grencilerden 029, eksik, ilgisiz veya gorsel olarak algilanan sekilde hesaplamalar yapma kodu
ile ilgili olarak, 11. uygulamada, 6ncelikle -22 ile 14 arasindaki sicaklik farkinin 36 olacagini bulmustur. Daha
sonra 36’y1 9’a bolerek 1 saatteki sicakligi hesaplamistir. Ancak soruda 5 saatin sonunda olusan sicaklik
sorulmakta oldugundan 6grenci eksik cevap yazmistir. Ayni1 6grenci 20. uygulamada karenin kenarimin 3 birim
artmasiyla yeni olusan kenarm uzunlugunun x+3 olacagmi belirtmesine ragmen, karenin ¢evresini
“3+3+3+3=12" olarak eksik hesaplamistir. 024 ise 3. uygulamada yaptig1 hesaplamalar bu seviye grubundaki
diger arkadaglarina benzer olarak, gorsel olarak algiladiklar1 sekilde sayilarin kendi arasinda toplanip
¢ikarilmasindan olugmaktadir. Uygulamada hava sicakliginin 16 derece oldugu verilmis, her giin 3 derece
azaldig1 belirtilmistir. Ogrenci 16 sayisindan 3 sayisini ¢ikararak 13 bulmustur. 7. giin sonundaki sicakligi
bulmak i¢in ise 13’den 7’yi ¢ikartarak sonucu 6 bulmustur. Burada kullanilan algoritma yanlistir. Ayni 6grenci
daha sonra yapilan problem ¢dzme ve kurma ile ilgili 11. ve 12. uygulamada da aymi sekilde hesaplamalar
yapmistir. Bu basar1 seviyesindeki dgrencilerin hepsi uygulamanin tiim zamanlarinda eksik, ilgisiz veya gorsel
olarak algiladiklar1 sekilde hesaplamalar yapmuslardir. Ayrica bu seviyedeki 6grenciler farkli yap1 ve hesaplama
yontemi gelistirebilme koduna gére, sadece bir 6grencinin yazdiklarindan bulgu elde edilmistir. 036, ¢alismanin
baslarinda yapilan 3. Uygulamada farkli hesaplama kullanarak cevaplamistir. Ogrenci sicakligin 7 giin boyunca
azalmasini baslangigtaki sicaklik olan 16 dan 7 tane 3’ii ¢ikararak belirtmistir. Bu seviyedeki 036 disindaki
higbir 6grencide farkli algoritma ve hesaplamaya rastlanmamustir.

3.3.1.  Ogrencilerin ADPA’nin “Matematiksel Yapt ve Hesaplamalar” Temasindan Aldiklart Puanlarin
Ortalamalar

Ogrencilerin ADPA’nin “matematiksel yap1 ve hesaplamalar” temasindan aldiklar1 puanlarin ortalamalar:
diizenlenerek Sekil 8’de sunulmustur.
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Sekil 8. Ogrencilerin ADPA’nin matematiksel yap1 ve hesaplamalar temasindan aldiklari puanlarin ortalamalari

Sekil 8’deki verilerde; A (akademik basar1 seviyesi ¢ok yiiksek) ve E (akademik basar1 seviyesi ¢ok diisiik)
grubundaki 6grencilerin bastaki, ortadaki ve sondaki puanlarinin ortalamalar1 arasinda belirgin bir fark yoktur.
Bu durum yazma uygulamalarinin, akademik basarisi ¢ok diisiik olan gruptaki 6grencilerin matematiksel yap1 ve
hesaplamalarinin belirgin bir sekilde gelistirmedigini gosterebilir.

Sekil 8’deki verilerde; C (akademik basar1 seviyesi orta) ve D (akademik basar1 seviyesi diisiik) dgrencilerin,
¢alismanin basinda, ortasinda ve sonunda aldiklari puanlarin ortalamalar1 arasinda belirgin bir artis oldugu
goriilmektedir. Bu durumda yazma uygulamalarinin, akademik basaris1 diisiik ve orta olan gruptaki 6grencilerin
matematiksel yap1 ve hesaplamalarina katki sagladigi sdylenebilir. Ayrica sekle gore B (akademik basarisi
seviyesi yliksek) dgrencilerin ortalamalarinda belirgin olmayan bir yiikselis oldugu belirtilebilir.

Sekil 8’e gore, tiim zaman dilimi i¢in uygulamalarda yapilan matematiksel yap1 ve hesaplamalar temasinda
en basarisiz grubun akademik basar1 seviyesi ¢cok diisiik grup oldugu belirtilebilir. Ayrica ¢calismada yapilan
uygulamalarin tiim zaman arali§inda (basta, ortada ve sonda) basari seviyesine gore gruplara ayrilan 6grencilerin
puanlarmin ortalamalar1 arasinda fark oldugu belirlenmistir. Bu durumda 6grencilerin kullandiklar:t matematiksel
yap1 ve hesaplamalarin akademik basarilarina gore farklilik gosterdigi sdylenebilir.

4. Tartisma ve Sonug¢

Biligsel gelisimin ¢ok fakli tanimlar1 ve boyutlar1 olmasina ragmen bu ¢aligsmada ii¢ farkli tema ele alinmustir.
Bu temalar (1) Ogrencilerin yaptiklart agiklamalarin 6zelikleri, (2) matematiksel dili kullanma ve (3)
matematiksel algoritma ve hesaplamalardir. Bu ii¢ tema altinda 6grencilerin bilissel gelisimleri incelenmistir.

Akademik basarilarma gore; ¢ok yiiksek (A), yiiksek (B), orta (C), diisiik (D) ve ¢ok diistik (E) seklinde bes
gruba ayrilan 6grencilerin ADPA’nin ilk kategorisi olan agiklamalarm anlasilirligi kismimdan aldiklar1 puanlara
gore B, C ve D seviyesinde olan dgrencilerin a¢iklamalari iizerinde yazma uygulamalarinin olumlu etkisi oldugu
belirtilebilir. Diger basar1 gruplarindaki 6grencilerde belirgin bir gelisim tespit edilememistir. Benzer olarak
aciklamalarin 6zellikleri temasi altindaki ayrntili, agik ve anlasilir cevap yazma kodu altinda verilen nitel
bulgularda da B, C ve D seviyesinde olan 6grencilerin cevaplarmin anlasilirligimm arttigi, daha agik ve net
aciklamalar yaptiklar1 belirlenmistir. Greenes, Ginsburg ve Balfanz (2004) siniflarda matematiksel hikayelerin
kullanilmasi ile birlikte matematiksel dilin kullanimimin arttigmi ve matematiksel agiklamalarm daha nitelikli
hale geldigini belirtmistir. Arastirmadaki bu sonucun kismen ayni yonde olmamasi kullanilan yazma
uygulamasinin yapisindan ve cesidinden kaynaklanabilir. Ayrica Brandenburg (2002), matematik derslerinde
yazma etkinliklerinin kullanilmasinin énemli ancak ayni zamanda zor oldugunu belirtmistir. Ona gore, tatilini
nasil gecirmeyi diisiindiigi ile ilgili soruya cevap yazma belki kolay olabilir ancak, yeni dgrenilen karmasik
matematik kavramlar1 hakkinda yazilmas: kolay degildir. Matematik dersinde yazma, hem yazma beceri
stireglerini hem de matematiksel bilgi icerigini gerektirdigi i¢in gelisim olmayan E seviyesindeki 6grencilere zor
gelmis olabilir. Benzer olarak, Akarsu-Yakar ve Yilmaz (2017) 7. smif ¢grencilerinin cebir alani ile ilgili bir
hikaye igerisindeki gercek yagsam durumunu matematiksel ifadeye doniistiiriirken, kullandiklart matematiksel dil
becerilerini inceledikleri arastwrmalarinda, akademik bagarilar1 yiiksek olan Ogrencilerin ifadeleri agiklarken
yazili, so6zel ve sembolik dili dogru kullandigi, basarilari diisiik olan &grencilerinde sembolik ifadeleri
olustururken ve agiklama yaparken zorlandiklar1 belirtmislerdir. Ozkan (2019) alan &lgme konusunda 6. sinif
ogrencileri ile yazma etkinliklerinin kullanarak yiiriittiigi ¢aliymasinda, alt basari grubundaki Sgrencilerin
ifadelerinin zamanla anlagilirligin arttigini ancak ifade etme bigimindeki eksikliklerin giderilemedigini ve ilgisiz
konular hakkinda agiklamalar yapmaya devam ettiklerini tespit etmistir. Yalvag (2019) ise cebir 6grenme
alaninda alt boyut olarak yazili formal dili kullanma becerisinin yer aldigi matematiksel dili kullanma
becerilerini inceledigi nitel arastirmasinda, 8. sinif 0grencilerinin matematiksel dili kullanimlarinin yeterli
diizeyde olmadigini tespit etmistir.

Aciklamalarin 6zellikleri temasi altinda incelenen, ayni konuda yapilan farkli agiklamalar ve agiklamalar ile
matematiksel islemler arasindaki tutarsizliklar kodunda yazma uygulamalarinin basar1 seviyesi D ve C olan
ogrencilere olumlu bir etki yaptig1 s6ylenebilir. Yani yazma uygulamasi bu basar1 seviyesindeki 6grencilerin,
yazdiklar1 {izerine diisiinmelerini ve agiklamalarmi zamanla igsellestirmelerini sagladigi belirtilebilir (King,
Raposo ve Gimenez, 2016; Pugalee, 2001; Seto ve Meel, 2006). Ciinkii 6grenciler baslangigta yilizeysel olarak
cevap vermekte daha sonra ise soru ile matematiksel bilgi arasinda baglant1 kurarak cevaplar yazmaktadirlar.
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Phillis (2020) 6grencilerin kavrayamadiklar1 bir konu ile ilgili tutarli yazi yazmalarinin kolay olmayacagini, yazi
yazmanin dgrencilerin diisiincelerini organize etmelerine yardimei olacagmi belirtmistir. Dolayisiyla ¢aligmanin
sonlarma dogru D ve C seviyesindeki Ogrencilerin tutarsiz, birbiri ile celisen diislinceler yazmamalari,
ogrencilerin konular1 daha iyi anlamaya basladiklarini gostergesidir.

Aciklamalarimi 6rnek vererek destekleme koduna gore, E seviyesindeki 6grencilerin yaptiklar: agiklamalara
hi¢ 6rnek yazmadiklar:1 tespit edilmistir. Diger basar1 seviyelerindeki 6zellikle C, B ve A seviyesindeki
ogrencilerin uygulamalarda agiklama yazarken 6rnek verdikleri tespit edilmistir. Shield ve Galbraith (1998) 8.
smif 6grencileri ile yaptiklar1 yazma uygulamasinda 6grencilerin yazilarinda ¢ok az bir gelisim gozleyebilmistir.
Ogrenciler baslangigta nasil yaziyorlarsa sonradan da ayni sekilde yazmislardir. Ornegin baslangicta fazla
aciklama yapmayan O6grencinin sonradan da aciklamalari smirli olmaktadir. Baslangicta 6rnek veremeyen
Ogrenci sonradan da 6rnek verememistir. Ayrica 6grenciler agiklayict yazma yerine daha ¢ok matematiksel
islemleri yazmay1 tercih etmislerdir. Bu durum uygulamayi yapan &gretmenlerin yogun yazma uygulamasi
yapmamasindan kaynaklanmis olabilir. Ciinkii arastirma siiresi uzun olmasma ragmen yapilan yazma etkinlikleri
sayisi fazla degildir. Halbuki gelisim olabilmesi i¢in yogun yazma uygulamalarinin yapilmasi gereklidir. Clinki
Vygotsky’nin (1987) belirttigi gibi yazi yazma, sozlii konusmadan her yonden farklidir ve st diizeyde
soyutlama gerektirir. Dolayisiyla gelisim olabilmesi i¢in yogun ve uzun siiregli bir yazma uygulamasi gerekir
(Herrick, 2005; Ozkan, 2019).

Akademik bagar1 seviyelerine gore ayrilan 6grencilerin ADPA’nin ikinci kategorisi olan matematiksel dil ve
kelime kullanimi kismindan aldiklar1 puanlarm analizine gére B, C ve D seviyesinde olan O6grencilerin
kullandiklar1 matematiksel dile ve kelimeye, yazma uygulamalarinin olumlu etkisi oldugu belirtilebilir.
Calismanin nitel bulgularina gére B, C ve D seviyesinde olan 6grenciler yazma uygulamalar1 sayesinde zamanla
derste Ogretilen matematiksel dili kullanmaya baslamiglardir. Bu durum, 6grencilerin yazma uygulamalari
yapacak olmasi dolayisiyla derslerde kullanilan matematiksel kelime ve sembollere daha fazla dikkat
etmelerinden ve 6gretmenlerinin resmi dil kullanimini1 daha fazla isteyecegini diisiinmelerinden kaynaklanabilir.
E seviyesindeki 6grencilerin ise resmi matematiksel dile doniisiim olarak adlandirabilecegimiz bu donigiimi
gergeklestirmede basarisiz olduklar: soylenebilir.

Bu temanin altindaki kodlardan ilki olan matematiksel sembol kullanimu ile ilgili kod ele alindiginda, tiim
seviye gruplarinda yazma uygulamalarinin her seviyedeki 6grencilerin sembol kullanimina katki sagladigi
belirtilebilir. Ancak kullanilan sembollerin yerinde ve dogru olarak kullanildig: s6ylenemez. E ve D seviyesinde
olan grupta sembol kullanbminda yanhshklar vardir. Ozellikle degisken semboliiniin kullaniminda  ve
islemlerinde hatalar vardwr. Basar1 seviyesi arttikca sembol kullaniminin daha bilingli yapildigi, kullanilan
sembollerin matematiksel olarak daha anlamli oldugu belirtilebilir. Yesildere (2010) sembollerin matematiksel
aciklamalar1 destekleyen isaretler oldugunu, nasil miizik notalarmin dogru yazilmasi dogru melodiyi olusturmak
i¢in yeterli degilse, matematiksel sembollerin ne anlama geldigini kavramadan kullanilmasmin da matematiksel
diistinmeyi olugturmak i¢in yeterli olmayacagini belirtmistir.

D seviyedeki Ogrencilerden bazilar1 ayni konuda kullanilan kelimeleri, birbirlerinin yerine kullandiklar1
belirlenmistir. Ornegin “kenar” yerine “kose” kelimesini, “ag1 dlgiisii” yerine “ac1” kelimesini, “kesir say1s1”
yerine “rasyonel sayr” kelimesini, dik a¢1 yerine “dik dogru” kelimesini vb. kelimeleri kullanmiglardir. Benzer
olarak, Calikoglu-Bali (2002) c¢aliymasinda Ogrencilerin kelimeleri birbirlerinin yerine kullandiklarimi
belirtmistir. Yiizerler (2013) arastirmasinda, 6. ve 7. smif 6grencilerinin 6grencilerin matematiksel dil kullanma
becerilerinin eksik oldugunu, kavramlari kullanirken ve anlatirken uygun ifadeleri segemediklerini belirtmistir. C
ve B seviyesinde olan &grencilerin ¢aliymanin baslarinda yapilan uygulamalarda matematiksel kelimelerin
kullanimina fazla dikkat etmedigi ancak g¢alismanmn sonlarina dogru matematiksel kelimeleri daha dikkatli
kullandiklar1 belirlenmistir. Ornegin ilk uygulamalarda “dogrular paraleldir” yerine “agilar paraleldir”,
“kesisme” yerine “cakisma”, “a¢1 Olciisii” yerine “ac1”, “negatif tamsayilar” yerine, “eksi isaretli sayilar” vb.
kelimelerini birbirinin yerine veya kendine 0zgii olarak kullanmalarina ragmen ¢alismanin ilerleyen
uygulamalarmda bu tiir kullanimlara rastlanmamustir. Ogrencilerin ¢alismanin sonlarmnda istenen diizeyde
matematik terminolojisine uygun kelimeler yazdiklari belirlenmistir. Ayrica yazma uygulamalarinin bu
seviyedeki dgrencilerin matematiksel kelime kullanimini arttirdigi belirlenmistir. Solomon ve O’Neill (1998)
ogrencilerin kendi kelimelerini kullanmalarmin, onlari1 derste islenen matematik konularina daha fazla
odaklanmaya yoneltecegini belirtmistir. Dolayisiyla yazma, tiim biligsel seviyelerde olmasa bile 6grencilerin
dersle daha fazla ilgilenmesini gerektirecektir. Matematik dilinin derslerde dogru kullanimi halinde; soyut
kavramlarin 6grencilerin zihinlerinde daha kolay olusabilmesi, yeni kavram ve bilgilere 6grencilerin kendilerinin
ulasabilmesi miimkiin olacaktir.

Vygotsky (1987) yazma sebeplerinin konusma sebeplerinden daha teorik oldugunu, yazma eyleminin
konusma eyleminden daha bilingli ve kasti olan analitik davranisi gerektirdigini belirtmistir. Ayrica gocuklar
tarafindan gergeklestirilen biligsel faaliyetleri yazmanin arttirdigini goézlemlemis, yazma siirecinde igsel
konusmanin dnemli bir rol oynadigini, 6zellikle 6grencilerin yazarak iletisim kurarken kelimelerin formal
(gercek) manasma dayandigini, bu yiizden ayni fikirleri sozle ifade etmek icin kullanacaklar1 kelime sayisindan
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daha fazla kelime kullandiklarini ifade etmistir (Albert, 2000). Markert (2019) 6grencilerin yeni matematik
kavramlar1 Ogrenirken sozli ve yazili iletisim kurduklarinda, kelimeleri matematiksel sembollere
doniistiirebildiklerini ifade etmistir. Ancak c¢aligmamizda bu durum her akademik bagar1 seviyesinde
gerceklesmemistir.

Bu temanm sekil kullanma koduna gore yazma uygulamalarinin E ve A seviyesinde olan §grencilerin sekil
¢izimlerine olumlu katki sagladig: sdylenemez. A seviyesindeki 6grencilerin ¢alismanin tiim siireglerinde ¢izdigi
sekiller konu ile ilgili ve yeterli diizeydedir. E seviyesindeki 6grencilerin ¢alismanin sonlarinda sekil ¢izimleri
artmig goriilebilir. Ancak bu yanilticidir. Bu 6grencilerin ¢aligma sonlarindaki ¢izmis oldugu sekiller konu ile
iligkilendirilmemistir. Ayrica basari seviyesi ile 6grencilerin ¢izdikleri sekilleri konu ile iliskilendirmeleri
arasinda dogrusal bir iligki belirlenmistir. Basar1 seviyesi arttik¢a ¢izilen sekiller, agiklamalar ile daha c¢ok iliskili
ve matematiksel olarak daha anlamlidir. Buradan basari seviyesi ile matematiksel sekil kullanimi arasinda
dogrusal bir iliski oldugu ve matematik kavramlar ile ilgili diisiincelerini yazili olarak ifade edemeyen,
¢ozlimlerini model, sekil veya tablo ile sunamayan E seviyesindeki 6grencilerin matematik iletigim becerisi
acisindan yetersiz olduklar: belirtilebilir (Banes, 2017). Kramarski ve Mizrachi (2004) st bilissel diizeydeki
ogrencilerin gergek yasam problemlerini ¢ézmede oldugu kadar ¢6ziim ydntemlerini yazmada da basaril
olduklar1 belirtmiglerdir. Bu sonu¢ caligmamizin sonuglartyla benzerlik tasimaktadir. Dolayisiyla matematik
iletisimi, tist diizey biligsel becerilerin bir gostergesi olarak ele alinabilir ve matematik iletisim becerisiyle
akademik basar1 diizeyi arasinda paralel bir iligki oldugu sdylenebilir.

Bu temanin son kodu olan farkli sembollerin kullanimmin farkinda olma koduna gére, E ve D seviyesinde
olan 6grencilerin sembollerin farkli kullaniminin farkinda olmadiklarindan bazi uygulamalara yanlig cevap
verdikleri belirtilebilir. Ancak C, B ve A seviyesindeki 6grenciler farkli sembol kullaniminin farkindadirlar.
Ornegin B seviyesindeki 6grencilerden dgrenci ¢alismanim sonlarmdaki 22. uygulamasinda “y, a” sembollerinin
“x” sembolii ile ayni anlamda kullanilabilecegini belirtmistir. Dolayisiyla basari seviyesi ile farkinda olma
arasinda dogru orantili bir iligskinin oldugu sdylenebilir. Giirbiiz ve Birgin (2008) buna benzer olarak dgrencilerin
O0grenim seviyesi arttik¢a rasyonel sayilarin farkli gosterim sekilleriyle islem yapma becerilerinin gelistigini
belirtmiglerdir. Ancak calismalarinda 6grencilerin yazma uygulamalarmm kullanilmasi ile farkindaliklarinin
artmasi yoniinde bir iliskiye bakmamuiglardir.

Akademik basarilarma gore farkli seviyelere ayrilan Ggrencilerin ADPA’nin iigiincii kategorisi olan
matematiksel yap1 ve hesaplamalar kismindan aldiklar1 puanlara gére, D ve C seviyesindeki Ogrencilerin
kurduklar1 algoritma ve yaptiklar1 matematiksel hesaplamalara yazma uygulamalarinin olumlu etkisi oldugu
belirtilebilir. Diger basar1 gruplarindaki 6grencilerde belirgin bir gelisim tespit edilememistir. Davison ve Piarce
(1990), 6gretmenlerin yazma etkinliklerini sik ve sistematik sekilde (6rnegin haftada en az bir defa) kullanirlarsa
Ogrenci performansmin biiyiik 6lgiide artacagmi iddia etmektedirler. Ancak ¢alismamizda bu durumum tiim
basar1 seviyelerindeki 6grenciler i¢in gegerli olamayacagi belirlenmistir. Benzer olarak Baxter ve arkadaglari
(2005) akademik basarisi ¢ok diisilk olan 4 Ogrenci ile yaptiklari talimatlarin yer aldigi giinlik yazma
caligmalarinda, 6grencilerin matematiksel basarilarina yazmanin katki saglamadigimi tespit etmislerdir.

Calismanin nitel bulgular1 kismmda olusturulan son temadaki eksik, ilgisiz veya gorsel olarak algilanan
sekilde hesaplamalar yapma kodunda, D ve C seviyesindeki 6grencilerin hesaplama ve algoritmalarinda olumlu
bir gelisme belirlenmigstir. Reilly (2007) yazma uygulamasina katilan 6grencilerin, yazmanin yavas gerceklesen
bir siire¢ oldugu i¢in, matematik kavramlarmi daha iyi anladiklarin1 ve isleme daha iyi odaklandiklarini
belirtmistir. Bundan dolay1 yavas gergeklesen bu siire¢ icerisinde matematik performanslar yiiksek olmayan bu
ogrencilerde biligsel gelisim belirlenebilmistir.

Bu koda gore E seviyesindeki Ogrencilerde bir gelisim belirlenememesi, yazma uygulamalarinin bu
seviyedeki dgrencilerin hesaplama yapmalarini ve algoritma kurmalarmi etkilemedigini gdstermektedir. Bu
seviyedeki 0grencilerin basar1 seviyeleri ¢cok diisiik oldugundan, uygulamalar1 cevaplayacak on bilgilerinin ve
temel bilgilerinin yetersiz oldugu yorumu yapilabilir. Buradan Ogrencilerin yazma uygulamalarini
basarabilmeleri i¢in 6n bilgi diizeylerinin yeterli olmasi1 gerektigi belirtilebilir. Riward ve Straw (2000) yazma
uygulamalarinin sinif ortaminda etkili olmasmimn, &grencilerin belirli temel bilgiye sahip olmalarina ve bunu
akranlariyla paylasmalarina bagli oldugunu belirtmislerdir. Ayrica Jaafar (2016) yazmanin, {ist diizey bilissel
yeteneklerinin gelismesine katki saglayacagmi, bu oOgrenme siirecinde kendini daha aktif hissetmesini
saglayacagint belirtmistir. Calismamiza gore, 6grenme siirecinde tiim 6grenciler aktif olsalar bile {ist diizey
bilissel yeteneklerinin gelistigini sdylemek miimkiin degildir.

Bu temanm ikinci kodu olan farkli yap1 ve hesaplama ydntemi gelistirebilme koduna gore, E seviyesindeki
ogrencilerde bir 6grenci disindaki higbir 6grencide farkli algoritma ve hesaplamaya rastlanmamistir. Bu durum
Ogrencilerin yazma siirecine odaklanmalarint ve farkli ¢6ziim yontemleri gelistirmelerini engellemis olabilir.
Benzer sekilde D ve C seviyelerinde de sinirli 6grenci farkli hesap ve algoritma kullanmasina ragmen, B
seviyesindeki dgrencilerde 6zellikle ¢calismanin orta ve son boliimlerinde yapilan ¢alismalarda farkli algoritma
ve hesaplama kullanimi goriilmektedir. Bu durum uygulamalarin dgrencilerin matematige kars1 6z gilivenlerini
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arttirmasindan kaynaklanabilir. A seviyesindeki dgrencilerde ise calismanin genelinde farkli algoritma ve
hesaplamalar kullandiklar1 belirlenmistir. Kenyon (1989) problem ¢6zme ve yazma arasindaki baglantiy1
aragtirdig1 ¢aligmasinda, 6grencilerden diisiincelerini ve iglem siireglerini yazmalarini istediginde bir problemin
farkli ¢dziimlerini gorebileceklerini belirtmistir.

Son temanin son kodu olan sonucu degerlendirme (sonucun dogrulugunu ve mantikliligini kontrol etme)
koduna gore, tiim basar1 seviyelerinden sadece iki 6grenci ( A ve C seviyelerinde) disinda higbir 6grenci sonucun
dogrulugunu ve mantikliligmi diigsiinememistir. Albert (2000) yazmanin problem ¢dzlimiine dahil edilmesinin,
dogru cevaptan cok siire¢ igerisinde Ogrencilerin odaklanabilmesine ve boylece cevaplarin ¢oziimleri ve
sonuglarin ne derece makul ve mantikli oldugunun degerlendirilmesini sagladigmni belirtmistir. Ancak ¢alismada,
ogrenciler siirec icerisine daha iyi odaklanabilmesine ragmen sonucun mantikli olup olmadigini degerlendirmede
giicliik ¢ekmislerdir. Bunun nedeni 6grencilere yazma igin verilen siirenin az olmasmdan kaynaklanabilir.
Ogrencilerin yazma uygulamalarmi ders siiresi igerisinde yetistirmekte zorlandiklar1 hatta bazen teneffiiste
uygulamaya devam etmek zorunda kaldiklar1 olmustur. Dolayisiyla, uygulamayi bitirdikten sonra tekrar
yazdiklarini okuma ve ilizerinde diisiinme firsat1 bulamamus olabilirler.

Tiim bulgular birlikte diigiiniildiigiinde, yazma uygulamalarinin E ve A seviyesinde olan dgrencilerin biligsel
gelisimine anlamli bir farklilik olusturacak bir katkisinin olmadigi, ancak bunlarmn diginda kalan B, C ve D basar1
seviyelerinin biligsel gelisimlerine olumlu katki sagladigi ve akademik basar1 seviyelerine gore dgrencilerin
yazilarinda farklilik oldugu belirtilebilir. Bu bulgulardan ilki Knipper ve Dugger (2006) ile zit yondedir.
Yazarlar matematikte diisiik basarili 6grencilerin performanslarini arttrmada yazmanm kullanilabilecegini
belirtmistir. Ancak calismamizda basar1 seviyesi ¢ok diisiik olan &grencilerin biligsel gelismelerine katkisi
sinirhdr. Bu durum yazma uygulamalarinin farkli akademik basariya sahip Ogrencilerden olusan sinifta
uygulanmasi dolayisiyla hazirlanan bazi uygulamalarin yapisi geregi basarisi ¢ok diisiik olan 6grencilerin
seviyesinin iizerinde olmasindan kaynaklanmis olabilir. Ayrica Knipper ve Dugger (2006) ¢alismalarinda giinlitk
yazmay1 kullanmiglardir. Bu ¢alismada ise giinliik yerine agirlikli olarak aciklayici yazma ¢esidi kullanilmastir.
Dolayisiyla bu farklilik kullanilan yazma c¢esidinden de olabilir. Benzer olarak Roskin (2010) yazmanin
matematik basarisina etkisini inceledigi ¢aligmasinda, yazma uygulamalarini rubrik kullanarak degerlendirmistir.
Matematik basarist yiiksek, orta ve diisiik 4’er 6grencinin rubrik puanlarmi karsilastirdiginda, basarisi diisiik
olan dgrenci grubunun rubrik puanlarindaki degisimin diger gruptaki 6grencilere gore daha fazla oldugunu
belirtmistir. Burada secilen 4’er Ogrencinin grubu temsil etmede yetersiz kalacagi diisiiniilebilir. Ayrica
aragtirmact 6grencileri basari seviyelerine ayirmada sadece bir yil 6nce yapilan bir testten aldiklart puanlara gore
gruplandirmistir. Bu gruplandirma 6grencileri sevilerine gore ayirmak i¢in yeterli olmayabilir.

E seviyesindeki dgrencilerin 6gretmenden ve arkadaslarindan yardim alarak, mevcut gelisim seviyelerinin
tizerine ¢iktiklari sGylense bile bu 6grenciler yazma uygulamalarini kullanarak bilgilerini i¢sellestirememislerdir.
Aciklamalarmm daha diizenli anlasilir, net hale getirememislerdir. Uygulama sirasinda sosyal bir ortam
icerisinde arkadaslarindan ve 6gretmenlerinden yardim alan bu dgrenciler kendi matematik fikir ve diisiincelerini
bagimsizca uygulayip diizenlemede bagarisiz olmuglardir. Dolayisiyla Albert’in (2000) belirttigi kendi kendini
diizenleyebilen (self-regulatory), kendi kendine yardim edebilen (self-scalfolding) yeni bir bélge olan YOU
icinde bu Ogrenciler matematiksel kavram ve fikirlerle ilgili disiincelerini bagimsizca uygulayip
diizenleyemedikleri ve derin bir matematik anlayigina sahip olamadiklar1 belirtilebilir. Kisaca bu 6grenciler
YOE’den YOU’ya gegis yapamamuslardir. Yazma etkinliklerinin diisiik seviyedeki dgrencilere daha fazla fayda
sagladigini belirtmesine ragmen (Roskin, 2010), akademik basarisi ¢ok diisiik olan dgrencilerin kullanabilecegi
bir 6grenme yontemi olmayabilir (Markert 2019). Benzer olarak Block (2005) calismasinda yazma
uygulamalarinin tiim 6grenciler i¢in bir dgretim yontemi olamayacagini belirtmistir. Yazar, ¢aligmasinda
ogrencileri basar1 seviyesine gore incelememis, ancak smifinda yazma ve okuma uygulamasi yapmasina ragmen
gelisim gostermeyen dgrencilerin oldugunu belirtmistir.

C seviyesindeki Ogrencilerin caligmanin basinda ilgisiz agiklama yapmalari ancak daha sonra bunu
yapmayip, ayrintili agik ve anlagilir agiklamalar yazmalari, bu 6grencilerin kendi kendilerini diizenleyebildikleri,
kendi kendilerine yardim saglayabildikleri bir alan olan YOU’ya gectiklerinin gdstergesidir. Benzer olarak, C ve
B seviyesindeki 6grenciler ¢alismanmn baslarinda kendine 6zgii kelime ve semboller kullanmis olsa bile
calismanin sonlarinda kendine 6zgii kelime ve sembol kullanmamalari, ¢alismanin sonuna dogru kelime ve sekil
kullamimlarmda artis olmasi bu seviyedeki 6grencilerin YOE’den YOU’ya gectiklerinin delilidir. O’Connell ve
arkadaglar1 (2005) fazla diigiinmeden sozlii olarak verilen cevaplarin aksine, yazmanin Ogrencilerin
ogrendiklerini test etmelerine ve diisiindiiklerini kelimelerle diizenlemelerine olanak sagladigni, bu sayede
yazmanin 6grencilerin kelimeler yoluyla diisiindiiklerini gbzden gegirmelerine ve bunlari diizeltmelerine imkan
verdigini belirtmistir.

D seviyesindeki dgrencilerin ¢aligmanin basinda, uygulamalara ilgisiz agiklama yapmalari, ilgisiz kelime
kullanmalar1 veya matematiksel kelimeleri yanlis ifade etmeleri ancak uygulama sonlarma dogru matematiksel
kelimeleri yerinde ve dogru kullanmalari, yazma uygulamalarinm 6grencilerin kendi kendini diizenleyebildikleri
bir alana gecis yaptiklarinin gostergesidir. Kisaca dgrenciler YOE’den YOU’ya gecis yaptiklar1 belirtilebilir.
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Burada E seviyesindeki 6grenciler de caligmanin basinda ilgisiz aciklama yapmalarina ragmen ¢aligmanin
sonlarinda ilgisiz agiklama yapmamiglardir. Ama bu 6grenciler ¢aligmanin sonundaki uygulamalara acik ayrintili
ve anlasilir cevap yazmadiklar1 i¢in, kendi kendilerini diizenleyebildikleri, kendi kendilerine yardim
yapabilecekleri alan olan YOE’den YOU’ya gegiste basarili olamadiklar1 sdylenebilir.

Albert (2000), Bruner ve arkadaslarinin yazma siirecini kavram olusturmanin temeli ve bilissel geligimin bir
aract olarak gordiiklerini belirtmistir. Boylece bir ara¢ olarak yazma 6grencilerin diisiinmesini destekler ve
matematiksel diisiinceler hakkindaki bilgilerini yapilandirmaya yardimei olur. Ogrenciler kendi ¢dziim yollarm1
bulmaya, bunlar1 kendi fikirleriyle iliskilendirmeye kendi kendine problem ¢bzme giiveni gelistirmeye tesvik
ettigini belirtmistir. Benzer olarak, Teledahl (2016) yazmanm 6grencilerin kendi kelimeleri ile bilgiyi tekrar
yapilandirmalarmi sagladigini, dolayisiyla 6grenmenin bir pargasi oldugunu ifade etmistir. Ancak yapilan bu
caligmada, yazma uygulamalarmm farkli akademik basariya sahip 6grencilerin tiimii i¢in ayni oranda katki
saglamadig1 belirlenmistir. Kisaca, farkli akademik basar1 seviyesindeki 6grencilerin biligsel gelisimleri farklilik
gosterdigi belirtilebilir. Yazma uygulamalarinin 6zellikle orta ve civarindaki akademik basar1 seviyesindeki
ogrencilerin (B, C ve D) biligsel gelisimine katki sagladig1 belirlenmistir.

5. Oneriler

Yazma uygulamalarint derslerinde 6grenme araci olarak kullanacak olan 6gretmenlerin, en fazla verim
alabilmeleri i¢in 6grencilerin akademik basar1 seviyelerinin ¢cogunlukla orta ve orta civarinda olmasimna dikkat
etmesi onerilmektedir.

Yazma uygulamalarinin 6grencilere olan bir¢cok katkisi dikkate alindiginda, lilkemizde kullanilan ders
kitaplarinin da matematik iletisimi destekleyecek ozellikte olup olmadiginin incelenmesi, varsa eksiklerinin
giderilmesi Onemlidir. Ciinkii yazma uygulamalarmm matematik iletisimine katkisi tek basmna yeterli
olmayabilir. Ayrica matematik programlarinda yazma uygulamalarinin nasil yapilacagina dair daha fazla bilgiye
yer verilmelidir.

Ogrencilerin yazdiklarinmn iizerine daha ¢ok diisiinmesini, daha fazla odaklanmalarini, konuyu daha iyi
anlamalarini saglayan yazma uygulamalarinin smiflarda uygulanirken dgrencilerin hemen uyum saglayamadigi,
kolay olmayan bir siire¢ oldugu g6z 6niinde bulundurularak, yazma uygulamalarmin uzun bir zaman dilimine
yayilarak ve siirekli olarak kullanilmasi 6nerilmektedir.

Yazma uygulamalarmim smifta neler olup bitigine dair 6gretmene zengin ve degerli bilgiler vermektedir.
Dolayisiyla kolay ve fazla maliyet gerektirmeyen yazma uygulamasi konusunda, ilkdgretim matematik
ogretmenleri bilgilendirilerek siniflarinda etkili bir matematik 6gretimi gergeklestirmeleri saglanabilir.

Bu aragtirmada bir¢ok yazma ¢esidi icerisinden gilinlik yazma ve agiklayict yazma uygulamalari
kullanilmistir. Yazmanm diger ¢esitlerinin kullanildig1 aragtirmalar yapilabilir. Yazma becerisi gelisiminin,
matematik iletisimin diger 6gelerinden olan, matematiksel konusma ve matematik okuryazarlig izerine de etkisi
olabilir. Dolayisiyla matematiksel yazmanin, matematiksel okuryazarlik ve konusma ile iliskisini belirleyen
caligmalarin yapilmasi dnerilmektedir.
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