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ABSTRACT

The purpose of this study is to examine the solution methods developed by middle school

mathematics teachers for skill-based mathematics questions and their evaluations within  Article Type

the framework of mathematical competencies. Mathematical competency demands are Research

defined as communication, devising strategy, mathematizing, representation, using

symbols, operations and formal language, and reasoning and argument. Thirteen middle A icle Background

school mathematics teachers (7 female, 6 male) participated voluntarily in the study. They  Roceived:

were asked to solve twelve skill-based questions, followed by the examination of their 5, 11 504

solutions, and then semi-structured interviews were conducted with each of them. Accepted:

During the interviews, the teachers were presented with semi-structured questions, and 26.02.2024

their evaluations were examined within the scope of mathematical competencies. The

study results indicated that teachers apply different solutions in solving the questions and

that mathematical competencies emerge at different levels within these solutions. Keywords .

Considering the determined levels of solutions, other competencies, except for Mathematical )

communication competency, appeared to be at similar levels based on teachers' Competency., Skll-

evaluations. The competency of using symbols, operations, and formal language stood Based Questions,

out as an essential factor in selecting among strategies. It was found that teachers could ~Mathematics
Teacher

create appropriate models according to the level of demand for mathematizing
competency, yet they did not evaluate the structural relationships between variables
within the scope of mathematizing competency. Regarding representation competency,
the most striking point was that the majority of teachers identified and used visual
information. However, only a few teachers were successful in manipulating
representations in a solution-appropriate manner. It was also discovered that as the
demand level increases in using symbols, operations, and formal language competency,
the increase in the number, type, and procedures of operations used is not always correct
with these solution methods. Teachers could not identify the mathematical deductions
utilized in the solution process. The majority addressed them at a lower demand level in
their evaluations.
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Introduction

Being competent in a field requires mastery of its fundamental aspects (Niss, 2003). While traditional
teaching approaches focus on developing individuals knowledgeable in content, today, there is a
growing importance placed on cultivating individuals who can apply and adapt content knowledge.
Mathematical competency encompasses both content knowledge and cognitive domains, expressing
domain-specific cognitive areas (Harks, 2014). Moreover, mathematical competency cannot exist
without mathematical content, nor can it be reduced to the specifics of mathematical content (Niss
& Hojgaard, 2019). In this context, mathematical competency encompasses the processes essential
for the application of mathematical knowledge (Tuner et al., 2015). In recent years, there has been
an increasing understanding of the role of these processes and their integration into mathematics
lessons, highlighting the importance of fostering individuals with mathematical competencies.

Frameworks of mathematical competency address the cognitive complexity of mathematical actions
in the face of challenges as various dimensions of demands for mathematical competencies (Turner,
2012). Niss (2003) expressed mathematical competency as the ability to understand, reason, apply,
and utilize mathematics in mathematical and non-mathematical contexts, addressing the demand
for mathematical competency necessary for mastering mathematics within the Danish PISA project
(Danish: Competencies and Mathematics Learning). This framework has influenced mathematics
curricula and assessment criteria in many European countries such as Denmark, Germany,
Catalonia, Sweden, and Norway (Pettersen & Nortvedt, 2018). Therefore, it has become crucial for
students to engage with tasks rich in mathematical competencies and for teachers to accurately
assess the competency demands of tasks (Pettersen & Nortvedt, 2018). To be beneficial in
mathematics education, activities focusing on students' progress in their knowledge and actions
related to mathematical competencies have emerged (Ahl & Helenius, 2023).

Turner and Adams (2012) expanded Niss's (2003) framework of mathematical competencies,
redefining the demands for mathematical competencies and creating a framework consisting of four
levels for each competency. In this framework, the demands for mathematical competencies are: 1.
Communication, 2. Devising Strategy, 3. Mathematising, 4. Representation, 5. Using symbols,
operations, and formal language (Symbols and formalism), 6. Reasoning and Argument. In the
developed framework, each demand for mathematical competency includes two low and two high
levels, along with corresponding actions. This theoretical framework has been utilized to determine
the item difficulties of questions in the Programme for International Student Assessment (PISA). As
a result of the study, actions specifying the definitions and levels of demands for mathematical
competencies have been organized in more detail (Turner et al., 2015).

Mathematical competency frameworks approach the goal of mathematics education as the
development of competencies to use knowledge and skills when needed rather than merely
repeating well-studied procedures (Kilpatrick, 2014). Niss (2003) stated that mathematical
competencies could be used in three different ways: (i) to determine the outcomes of school
mathematics, (ii) to characterize mathematics teaching and learning, and (iii) to monitor and control
what students learn or what teachers teach. Therefore, the aim of mathematics education is to
enhance students' levels of mathematical competencies, and in line with this goal, it is crucial for
teachers to be able to assess the mathematical tasks used in terms of competencies (Pettersen &
Nortvedt, 2018). Turner et al. (2015) suggested that mathematical competencies should be formally
incorporated into mathematics teaching, and the framework they developed could be used by
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teachers to select, design, or evaluate appropriate teaching tasks. Shimizu et al. (2010) also
emphasized that tasks selected for teaching and assessment should reveal, nourish, and develop
students' performances. In this respect, teachers must be able to analyze tasks or questions used
during instruction or assessment in terms of both content and cognitive demands.

In line with the 2015 PISA results for Turkey and the OECD Turkey report, the Ministry of National
Education (MoNE) abolished the Transition from Primary to Secondary Education Exam (TEOG)
that 8th-grade students took and started to implement the High School Entrance Exam (LGS)
(MoNE, 2018). The question structure in LGS was changed to skill-based questions in order to
prepare students more effectively for international exams (Erden, 2020). Altun (2020) pointed out
that these questions, skill-based or new generation in everyday language, are questions related to
mathematical literacy. Accordingly, examples of skill-based questions prepared to fit the changed
examination system have been regularly published, and resource books called Skill-Based Tests and
LGS Workbooks, consisting of these questions, have been provided to students in state schools
affiliated with the MoNE for the academic years 2020-2021, 2021-2022, and 2022-2023 (MoNE, 2022).

The MoNE stated in the mathematics curriculum that one of the objectives of the mathematics course
is to 'develop and effectively use mathematical literacy skills' (MoNE, 2018). Since mathematical
literacy is defined based on the mathematical competencies identified by Niss (2003), instructional
activities targeting mathematical competencies have gained importance for developing
mathematical literacy skills. However, it has been observed that activities aimed at developing all
mathematical competencies are not typically carried out in mathematics classes (Charalambous &
Philippou, 2010). Petterson (2019) stated that teachers involved in instructional activities at all levels
of education need to be aware of mathematical competencies and plan and implement classroom
activities to encourage the development of these competencies.

The aim of this study is to examine the solution methods developed by middle school mathematics
teachers for skill-based mathematics questions and their evaluations within the framework of
mathematical competencies. It is believed that this study will contribute to the literature examining
the mathematical competency demands of teachers in the context of the changing mathematics
curriculum and the significance of mathematical literacy and skill-based questions emphasized by
the High School Entrance Exam (LGS) in Turkey in 2018. The ability of mathematics teachers to
evaluate exam questions in terms of mathematical competency demands is vital for internalizing the
changing goals of the mathematics curriculum and reflecting them in lessons. The research question
is as follows:

What is the level of mathematical competency in the evaluations made by middle school
mathematics teachers within the scope of skill-based mathematics question solutions?

Conceptual Framework and Related Studies

Mathematical Competency

Although defining mathematical competency is not straightforward, researchers have pointed out
several characteristics regarding its definition. Generally, mathematical competency is defined as
“someone’s insightful readiness to act appropriately in response to the challenges of given
situations” (Niss & Hejgaard, 2019, p.12). It involves individuals possessing specific mathematical
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skills and the degree to which they can mobilize these skills when necessary (Turner et al., 2015).
What is more, it is directed towards both physical and mental actions and relies on various
processes, such as understanding mathematical ideas and applying mathematical knowledge (Niss
& Hojgaard, 2019; Turner & Adams, 2012).

The application of mathematics and the implementation of mathematical processes focus on
mathematical competency, which is in harmony with mathematical literacy (Niss & Hojgaard, 2019).
In the mathematical component of PISA, the mathematical literacy of 15-year-old students in
participating countries is examined comparatively (OECD, 2019). The primary aim of PISA is to
measure students' ability to use the knowledge they acquire at school in everyday life. In this regard,
mathematical literacy is individuals' capacity to use, formulate, and interpret mathematics. Within
the context of mathematical literacy, eight fundamental processes are identified, formulated using
the mathematical competencies defined by Niss (2003) (Niss, 2015). These mathematical competency
demands are interpreted as mathematical thinking, creating and solving mathematical problems,
modeling mathematically, reasoning mathematically, representing, using formal, technical language
and procedures, communicating in mathematics, about mathematics, and with mathematics, and
using mathematical tools. Turner and Adams (2012) redefined mathematical competencies based on
the ones defined by Niss (2003) and developed a framework in which they address the demands for
activation of these competencies at four levels. This mathematical competency framework aims not
only to determine the difficulties of mathematical questions and tasks but also to enable direct
enhancement of these competencies in mathematics classes (Turner & Adams, 2012).

The framework developed by Turner et al. (2015) to define the levels of mathematical competency
demands, while recognizing that the actions used in the problem-solving process are interrelated
processes, was prepared with a focus on as much differentiation and determination of demand levels
as possible, making it suitable for use by teachers and test developers. It can be said that it is suitable
for use by teachers and test developers. Mathematical competencies must be formally included in
mathematics education, and, as a result, conscious efforts need to be made to develop them. It is
important for mathematics teachers to be familiar with the mathematical competencies defined and
to create learning opportunities for each to be developed to enhance mathematical literacy (Turner
et al., 2015).

Within the framework of mathematical competencies, the competencies of communication, devising
strategy, mathematising, representation, using symbols, operations and formal language, reasoning,
and argument are included, along with their levels (level 0, level 1, level 2, level 3). Turner et al.
(2015) have aimed to create level definitions based on solid foundations and useful factors that
address aspects of the cognitive requirements needed to solve problems, along with the definitions
of mathematical competencies. In this regard, for each competency, Level 0 and Level 1 correspond
to situations where the demand for the respective mathematical competency is low. In contrast,
Level 2 and Level 3 are elaborated for situations where the demand is high. The levels for each
mathematical competency are shown in Appendix A.

Communication Competency

Communication competency refers to reading and interpreting presented statements, questions,
instructions, tasks, images, and objects, as well as imagining, understanding, and comprehending
the presented situation, including mathematical terms referenced (Turner et al., 2015). It can be
evaluated as understanding and interpreting information related to the problem situation. The
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necessity to establish connections between pieces of information or to refer back within the material
to understand the presented information increases the demand for communication competency,
with the solution presentation involving multiple steps and justifications (Turner & Adams, 2012).

Devising Strategy Competency

Strategy is considered the selection of actions to approach a problem situation to solve a problem
(Turner & Adams, 2012). A strategy may consist of multiple interconnected steps. However, the
physical execution of the solution process is not considered within the scope of devising strategy
competency (Turner et al., 2015). The level of demand for devising strategy competency increases
with the degree of creativity and innovation used in determining the strategy, as well as the number
of steps used in the solution process and the complexity of the relationships between the steps
(Turner & Adams, 2012). Devising a strategy involves selecting or designing a mathematical strategy
to solve a problem and also monitoring and controlling the implementation of the strategy.

Mathematising Competency

Mathematising refers to converting a situation outside of mathematics into a form suitable for
mathematical processing or interpreting a mathematical model appropriately for a given situation
(Turner & Adams, 2012). While mathematising deals with the mathematical representation of non-
mathematical situations, representation competency concerns the representation of mathematical
expressions as either mathematical or non-mathematical (Turner et al., 2015). The demand for
mathematising competency increases depending on the knowledge, creativity, and insight required
to translate between the specified mathematical contexts and mathematical structures in the problem
situation (Turner & Adams, 2012). Mathematising involves converting a non-mathematical situation
into a mathematical model, interpreting the results of using a model related to the problem situation
or validating the adequacy of the model regarding the problem situation (Turner et al., 2015).

Representation Competency

Representation can be understood as the concrete expression of a mathematical entity (Turner &
Adams, 2012). Representation can be graphical, diagrammatic, verbal, symbolic, or metaphorical.
However, in some problems, simple text diagrams such as figures that directly depict the problem
situation, like photographs, do not necessarily activate representation competency. The demand for
representation competency increases depending on the complexity of representations, the need to
evaluate information from different representations, or the need to design representations (Turner
et al, 2015). Representation competency involves decoding the codes of mathematical
representations in the search for solutions, translating between them, and utilizing them, as well as
selecting or designing appropriate representations to capture the situation or present their work
(Turner et al., 2015).

Using Symbols, Operations, and Formal Language Competency

The competency of using symbols, operations, and formal language involves proficient use of
mathematical content knowledge, symbols, operations, and formal language (Turner & Adams,
2012). Understanding, remembering, using, and modifying necessary information are deemed
important in this process. The demand for symbols, operations, and formal language increases with
the complexity of mathematical content knowledge and the procedures that need to be applied. This
competency involves understanding and applying mathematical procedures and language
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(including symbolic expressions, arithmetic, and algebraic operations) and activating and using
knowledge related to definitions, results, rules, and formal systems (Turner et al., 2015).

Reasoning and Argument Competency

Reasoning and argument competency involves explaining, justifying, and validating the deductions
made during the solution process, along with the internal and mental processing of information
used (Turner & Adams, 2012). These actions entail describing, proving, and verifying the mental
processes utilized while deducing and applying steps in the solution process of a problem. However,
the mental processes activated to determine the solution steps are addressed in the competency of
devising strategy. The demand for reasoning and argumentation development competency
increases with the length and complexity of the inference chain used (Turner & Adams, 2012).
Argumentation is making inferences using logically rooted thought processes that explore and
connect problem elements, forming, examining, or verifying arguments and conclusions (Turner et
al., 2015).

Related Studies

Niss et al. (2016) emphasized the importance of the usability of mathematical competency
frameworks for research, advocating for well-defined competencies and well-thought-out research
designs. In this context, the mathematical competency framework developed by Turner et al. (2015)
stands out. This theoretical framework is used in research analyzing mathematics questions,
examining both the difficulty of the questions and the mastery of mathematical competencies by
groups of analyzing teachers. For instance, Pettersen and Nortvedt (2018) requested five teachers
and five teacher candidates to evaluate PISA 2012 mathematics questions using Turner et al.'s (2015)
mathematical competency framework. The study found that teachers' evaluations were consistent,
but they used a limited range of levels in their assessments. Accordingly, it was suggested that
Turner et al.'s (2015) framework delineating mathematical competency demands and levels could
be beneficial for teachers to select and analyze appropriate tasks (Pettersen & Nortvedt, 2018).
Similarly, Pettersen and Braeken (2019) conducted scoring of the PISA 2012 mathematics survey and
Norwegian national exam mathematics questions by mathematics teachers using Turner et al.'s
(2015) mathematical competency framework. According to this study, it is believed that training
teachers on mathematical competency demands and levels could be effective.

Teachers encouraging the development of students' mathematical competencies is becoming
increasingly important in mathematics education (Niss et al., 2016). In this regard, it is necessary for
changes made in mathematics programs and curricula to be understood by teachers and for them to
be supported in identifying and designing lesson activities and tasks that promote mathematical
competencies (Turner et al., 2015). Petterson (2019) has shown that teachers have limited knowledge
about the demands of mathematical competencies and emphasized the importance of teachers'
ability to analyze these competencies. However, teachers aware of the demands of mathematical
competencies have expressed their ability to support students' mathematical development by
integrating these into classroom tasks. In this context, it has been emphasized that teachers need to
evaluate the mathematical competencies that need to be activated in tasks using mathematical
competency analysis schemas and that they should be supported and encouraged through in-service
training on this matter.

There are several studies investigating how teachers address the curriculum requirements, what
they pay attention to, and how these can be reflected in tests developed by teachers. Among these,
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Boesen (2006), in his study examining mathematical competencies, based his research on national
exam questions and asked participating teachers to create creative problem-solving tasks and tests.
Boesen found that teacher-made tests contained tasks aimed at solving strategies that did not
necessarily activate all mathematical competencies, and the impact of the mathematical
competencies underlying national exams on teachers' test development was limited. However, it
was also noted that mathematical competencies are useful tools for analyzing scientific research data
and evaluating or developing tests. Similarly, Becevic (2023) provided a theoretical perspective on
teacher-made test applications to assess the development goals of mathematical competencies in the
mathematics curriculum. The increase in teachers' awareness of mathematical competencies and its
reflection in classroom practices is considered an important finding.

Mathematical competencies can be addressed collectively in studies, but research focusing on the
development of one or a few competencies can also be conducted (Niss et al., 2016). In this context,
Hojgaard (2021) addressed the competency of mathematising and discussed the differences and
relationships between problem-solving and mathematization. In his study, Hejgaard (2021)
emphasized the importance of tasks used to develop students' mathematising competency. He noted
that a task should go beyond the routine strategies, methods, and procedures for those performing
the task and should present mathematical challenges for those engaging with it. In this regard, it can
be said that designing and selecting mathematical tasks in line with the demands of the desired
mathematical competencies is essential.

In the literature, there are studies evaluating questions, textbooks, and curricula following the
changes in the mathematics curriculum in Turkey in 2018 and the introduction of skill-based
questions in the LGS mathematics test. Among these, Kiiciikgencay et al. (2020) analyzed the
questions used in the LGS and the sample questions published by MoNE in the context of problem-
solving skills in PISA 2012. The study concluded that skill-based questions aimed to measure
multiple competencies and involved processes such as planning and implementation, exploration
and understanding, representation and formulation, control, and reflection. Yiiceer (2023), in his
study analyzing LGS mathematics questions according to the mathematics curriculum and the
TIMSS framework, indicated that the questions did not show a balanced distribution according to
the mathematics curriculum. Moreover, analyses based on TIMSS competency levels revealed that
there were no questions directed towards lower competency levels, a few questions at the
intermediate level, and the majority of questions at the upper or advanced level. Similarly, Ar1 (2022)
compared mathematics textbooks with LGS mathematics questions and found that the questions
and activities in textbooks did not contribute to higher-order thinking skills, whereas LGS
mathematics questions required higher-order thinking skills. These studies have shown that the
questions in the LGS mathematics test require higher-level mathematical skills. However, no study
has addressed LGS mathematics questions in the context of mathematical competencies.

In their study, Kertil et al. (2021) conducted interviews with middle school mathematics teachers to
examine their thoughts on skill-based questions and how they implemented them in their classes.
While the teachers expressed positive views on skill-based questions, they generally stated that they
included such questions in their classes once a week. Additionally, they mentioned that the activities
and questions in MoNE textbooks were inadequate and that they needed training to develop their
skills in writing skill-based questions and solving problems. In a study by Cetin (2019) focusing on
LGS mathematics questions, teachers expressed the need for self-improvement and renewal and felt
pressured by LGS results. On the other hand, Cetin and Unsal (2019) examined the effects of LGS on
mathematics teachers and the reflections on implementing the mathematics curriculum. The study
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found that centralized exams positively influenced teachers' professional development. However, it
was noted that teachers did not address all dimensions of the curriculum when implementing it;
instead, they focused on LGS success and determined their goals and content accordingly. They also
conducted assessment activities using multiple-choice exams and emphasized lecturing and test-
solving activities in their classes. Similarly, Sen and Unal (2020) evaluated the changes in the
mathematics curriculum in 2018 and found that the teachers perceived these changes as a decrease
or displacement of achievements. These studies conducted in Turkey highlight differences between
the curriculum, textbooks, and skill-based questions. Mathematics teachers emphasize the necessity
of in-service training for implementing the curriculum and selecting, writing, and implementing
skill-based questions in their classes. In this context, there have been no studies specifically
addressing Turner et al.'s (2015) mathematical framework. However, it is believed that teachers
could analyze mathematical tasks and consequently organize their in-class activities if such a study
were conducted.

In this context, it can be stated that there is a need for further research on mathematical competencies
in terms of their impact on mathematics programs and curriculum documents, the selection of
mathematical questions and tasks based on their difficulties and appropriateness, and the
determination of mathematical competency levels individually and in groups (Niss et al., 2016). It
can be said that a conscious approach of teachers to mathematical competencies is an important
factor in achieving the goal of enhancing students' mathematical competencies with the revised
mathematics curriculum in Turkey in 2018 and in improving success in the LGS mathematics test.

Method

This study employs a case study approach, which is a qualitative research method in which
researchers examine real-life situations in-depth using multiple sources of information within a
limited system or process (Creswell, 2017). In this context, the solutions of middle school
mathematics teachers to LGS mathematics questions were examined in terms of mathematical
competency levels, and the evaluations made by the teachers regarding the solutions were analyzed.

Participants

Thirteen (7 Female, 6 Male) middle school mathematics teachers, consisting of 11 teachers from state
schools and 2 teachers from private schools affiliated with the Ministry of National Education
(MoNE), voluntarily participated in the study. All participants taught 8th-grade mathematics
classes. Participants expressed familiarity with specific question types and their solution methods
by solving previous years' LGS questions in their mathematics classes. Pseudonyms such as K1, K2,
and K13 were alphabetically assigned to the participants. They were briefly informed about the
research process and purpose and declared their voluntary participation in the study. Ethical
approval for this study was obtained from the Mersin University Social and Human Sciences Ethics
Committee on 06/06/2022, decision number 239.

Data Collection Process

The data for the study were collected during the second semester of the 2021-2022 academic year. In
the first stage of the data collection process, participants were invited to provide detailed solutions
to the 2020 LGS questions included in the Question Form (see Appendix B) prepared by the
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researchers. These questions were selected from six units of the 8th-grade mathematics curriculum,
with two questions chosen from each unit. A total of 12 questions were sent to the participants online
by the researchers, and the participants returned their solutions to the researchers online as well.
The solution processes for the questions were conducted separately for each participant, and there
was no time limit for the solution process.

In the second stage, semi-structured interviews were conducted with the participants considering
their solutions. They were conducted online with each participant within three to seven days. The
duration of the interviews varied between 40 minutes to 1 hour and 30 minutes. Ten-minute breaks
were provided upon the request of the participants during the interviews. With participants'
permission, audio recordings and field notes were taken during the interviews. The audio
recordings were transcribed into text using the Microsoft Word program to create interview
protocols. The interview questions were designed to determine the teachers' evaluations of
mathematical competencies. For this purpose, six questions were asked in accordance with the
definitions of mathematical competencies by Turner et al. (2015). These questions are as follows:

1. Could you evaluate the questions in terms of reading and interpreting the statements,
instructions, tasks, images, and objects in the text?

2. Could you evaluate the process of determining or designing the steps to solve the questions
and observing the implementation of these steps?

3. Could you evaluate the questions in terms of expressing non-mathematical situations
mathematically (modeling) and the use of the relevant model or models?

4. Could you evaluate the mathematical representations provided in the solution process
(decoding the code), translating between representations, and using them to guide the
solution process?

5. Could you evaluate the use of mathematical language (symbolic language and arithmetic-
algebraic operations) in the solution process?

6. Could you evaluate the logical deductions made during the solution process?

Additionally, participants who indicated their choice of strategy based on the use of different
solution methods were asked questions about the factors influencing their strategy selection, the
factors influencing their choices when applying procedures in using symbols, operations, and formal
language competency, and whether they included these procedures in their lessons when using non-
curricular operational procedures, and questions about the reasons for their choices.

Data Analysis

The data for this research were obtained from the solutions provided by the participants to the
questions in the questionnaire and the interviews conducted with the participants. Initially, the
solution methods of the 13 participants were grouped according to their similarities, and these
methods were analyzed according to the levels of mathematical competency (see Appendix A).
When determining the solution methods used, the cases of employing one or more of the
competencies such as devising strategy, mathematising, representation, using symbols, operations
and formal language, or reasoning and argument in a different way were considered. Out of the 12
questions in the questionnaire, six were selected, one from each unit, based on the solutions applied
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by the participants, and these six questions were examined within the scope of the study.

After examining the solutions, the interviews conducted with the participants were organized for
each participant using the Microsoft Word program. In this context, content analysis was performed
on the participants' statements. For each question, the participants' statements were examined
according to the levels established by Ozgeldi and Aydin (2021). For example, the analysis of one of
the solution methods applied for Question 2 in terms of the competency of devising strategy is as
follows:

Figure 1

Example of a Solution for the Second Question
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The information indicating that the rectangles in the solution method were equal within the figure
was used, with one of the red rectangles being relocated. Utilizing the relationships between the
lengths of the sides in the resultant figure, the ratio of the desired area to the area of the square
within the figure has been ascertained. Subsequently, it was envisaged that the area of the square
within the figure should be calculated, followed by a division operation employing the obtained
ratio to find the area of the desired region. Upon evaluation in accordance with the levels of the
developed strategy, it was determined that the devising strategy competency was at level 3,
considering the design of a multi-stage strategy involving significant metacognitive thinking in
applying the strategy for the solution.

As an example of the analysis of participants' expressions in line with the demands of mathematical
competency, the statements of participant K10, who employed the same solution method for the
same question, were provided during the interviews:

This is a question with a high-level strategy. If you do not grasp that strategy, the solution becomes
significantly more challenging. What complicates that strategy is shifting the area, that is,
relocating the rectangle. Once relocated, it is merely a matter of two steps to find the entire area
using the ratio. Without relocating the rectangle, it becomes exceedingly difficult for the person to
figure it out.

In this statement, it can be observed that K10 not only explains the steps of his solution method but
also indicates the utilization of metacognitive processes. Therefore, it can be stated that while the
problem could be approached with an alternative solution method, the method employed effectively

engages with K10's devising strategy competency, enabling him to articulate his statements at Level
3.
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Findings

In this section, middle school mathematics teachers' solution methods and their evaluations within
the scope of these solutions have been examined according to the levels of mathematical
competency. Table 1 illustrates the levels of mathematical competency for six problems in relation
to teachers' solution methods. The shaded cells in Table 1 indicate the levels determined by the
researchers, while the numbers within the cells denote the number of teachers. Additionally, after
the overall evaluation of the six problems, the solutions provided by the teachers and their
evaluations during the interviews for one specific problem have been thoroughly discussed in this
section.

Table 1

Frequency of Teachers Evaluating the Mathematical Competency Levels of Problems within the Scope of
Solution Methods

Level CC SC MC RC Us RA
1st Question 0
1st Method
1
2
3
1st Question 0
2nd Method
1
2
3
1st Question 0
3rd Method
1
2
3
2nd Question 0
1st Method
1
2
3
2nd Question 0
2nd Method
1
2
3
2nd Question 0
3rd Method
1
2
3
3rd Question 0
1st Method
1
2 - -
3 - R - - -
4th Question 0 - - - - _
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1st Method

1

2

3

4th Question 0
2nd Method

1

2

3

4th Question 0
3rd Method

1

2

3

5th Question 0
1st Method

1

2

3

5th Question 0
2nd Method

1

2

3

6th Question 0
1st Method

1

2

3

6th Question 0
2nd Method

1

2

3

Note: CC: Communication Competency, SC: Devising Strategy Competency, MC: Mathematising
Competency, RC: Representation Competency, US: Using Symbolic Language and Formal Language
Competency, RA: Reasoning and Argument Competency

According to Table 1, it is observed that teachers applied different solution methods, leading to the
emergence of mathematical competencies at different levels within these solutions. Teachers devised
more than one solution method in five out of six questions. Teachers developed three different
distinct solution methods for the 1st, 2nd, and 3rd questions. Generally, considering the determined
levels of solutions, except for communication competency, the levels of other competencies are
similar based on teachers' evaluations. It was discovered that teachers generally approached the
questions at a lower level in terms of communication competency compared to all other
competencies. As seen in Table 1, the communication competency of the six LGS math questions
determined by the researchers (highlighted in bold) was at a high level (level 2 or 3). Considering
that teachers did not encounter difficulties in solving the questions, it can be inferred that the
constructive component of communication competency remained at a lower level in meeting the
demand level based on the expressions they employed in their evaluations. Teachers frequently
expressed in their evaluations that the questions were easy, clear, and straightforward.

546



Analysis of Middle School Mathematics Teachers' Evaluations of Skill-Based Questions within the
Framework of Mathematical Competencies

The level of the questions was determined to be high for the competency of devising strategy (level
2 or 3). As shown in Table 1, these levels corresponded closely to the levels that emerged in the
evaluations of teachers' devising strategy competency. However, it was observed that participants
who evaluated the devising strategy competency at a low level approached the questions more
superficially. Furthermore, during discussions, they expressed dissatisfaction with the purpose of
the questions, stating that they were easy or did not adequately measure the unit achievements.
Additionally, these teachers utilized mathematical operations and procedures such as systems of
equations with two unknowns and algebraic expressions, as well as division operations in the
solutions to the questions, which were unsuitable for the level of 8th-grade students.

The levels of the questions for mathematising competency were predominantly determined to be
high. As depicted in Table 1, teachers” evaluations regarding mathematising competency were also
at a high level. However, it was observed that some teachers perceive mathematising competency
at a lower level. While these teachers acknowledge 'the given or defined variable' within the scope
of mathematising competency, they do not consider 'expressing dependent variables in terms of
independent variables or interpreting models for different variables' within the scope of
mathematising competency.

For the representation competency, the levels of the 1st, 2nd, and 4th questions were high. For
example, in the 1st question, the alterations made to the representation were crucial in interpreting
the levels of competency in strategy, mathematical modeling, and symbols, operations, and the use
of formal language. In this question, teachers adjusted their strategies based on the changes made to
the representation. Therefore, the interpretation of the competency in using strategies also changed
depending on the interpretation of the representation in the question. In the 4th question, since it
required evaluating information from two different graphs concurrently, the level of representation
competency was high. In this question as well, as teachers incorporate two variables in the solution
process, the interpretation of competency in using symbols, operations, and formal language also
changed. The fact that teachers delved into a topic not typically covered at the 8th-grade level in
solving this question was considered a noteworthy finding.

For the competency in using symbols, operations, and formal language, the levels of the questions
and the evaluations by the teachers were high. For example, in the 2nd question, participants
mentioned that they noticed the common factor, which is an algebraic expression, before applying
the steps of the solution process. They aimed to reduce the operational burden by performing the
entire operational process within the common factor parentheses. It was observed that as the
demand level increases in the competency of using symbols, operations, and formal language, the
increase in the number, type, and procedures of operations used is not always necessary with these
solution methods.

For the competency in reasoning and argument, except for questions 5 and 6, the questions' levels
were low. In the solution process of low-level questions, no inference was made or direct inferences
was made from the given information. It was observed that three teachers could not identify the
mathematical inferences made during the solution process, and the majority handled them at a lower
demand level in their evaluations. In these evaluations, it was uncovered that teachers who assign
values within the given constraints rather than verbally expressing the inferences made in the
solution process and showing evidence do not consider the inferences and evidence as part of the
competency in reasoning and argument. For example, while some teachers evaluated the 6th
question as 'a question with an unspecified purpose’, others stated that it 'requires mathematical
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reasoning'. In this regard, considering the evaluations made, the competency in reasoning and
argument can be considered the competency that creates the most disagreement among teachers.
However, teachers also evaluated various steps in the solution process under the competencies of
devising strategy, mathematising, and using symbols, operations, and formal language as
mathematical inferences.

Examination of an Example Problem: Teacher Solutions and Evaluations

The solutions and evaluations of teachers for question 4 were examined in detail. Three different
methods were used to solve the problem. The first method was utilized by nine participants, the
second by two, and the third by two participants. When the three solution methods were examined
within the framework of mathematical competencies, it was observed that the levels of competencies
varied concerning devising strategy and the use of symbols, operations, and formal language. The
three different solution methods used for solving the problem are shown in Figure 1.

Figure 2

Teacher Solutions
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Communication Competency

Although the communication level of the problem is determined to be at level 3, as it requires
identifying, selecting, and understanding multiple contexts or task elements involving logically
complex relationships and connections, an examination of the teachers’ evaluations revealed that
the communication competency is generally low. The teacher K10 emphasized the ease and clarity
of with the statement, "Yes, it is easy. It is quite understandable. Information can be comprehended.
I think the communication of the problem is quite good. It is easy to understand. I think it is an easy
question." Similarly, Teacher K8 stated, "The statements given above completely convey what it
wants... The student here again uses the part-whole relationship. If it had presented a more
challenging angle, I think it could have been difficult for the student to interpret.” On the other hand,
in his evaluation, Teacher K11 mentioned that students may experience confusion in understanding
the question, just like himself:

Now, here is the issue: students really experience confusion, and as a teacher, I experienced the
same. Eventually, by adhering the principles of 360x and 360y, they can solve these problems. Now,
when you look at it, visually it changed, but both of them appear to be 90 degrees, right? But it
stated that there is a decrease numerically. Therefore, proportional reasoning must be seriously
high so that the student can perceive that with the change in slices, the numbers do not represent
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the same thing, and increases and decreases can also vary.
Devising Strategy Competency

In Figure 1, the first solution method required evaluating among strategies, hence the devising
strategy competency was determined as Level 3; while the second and third solution methods
directly necessitated developing multi-step strategies, thus they were classified as Level 2. K6, who
used the first solution method, stated the following for solving the problem:

Now, since they did not provide any actual values, there is not a real numerical value. So, directly,
the first thing that comes to mind is to give a certain ratio in one of the two graphs, you need to
give a factor. They are doing this very nicely, actually. So, let us say the first step is this: in the first
part, if they give factors like mine, 3 times, 4 times, 5 times, for instance, this would be the first step.
Then, they need to take this to L and see the excess of 25 and the surplus of 40, which would be the
second step. They need to see that M is twice the size of L there, which would be the third step. If
they achieve these three steps, they also need to take the value they found back to the first graph.

In their comment, K6 utilized a multi-step strategy. In this strategy, controlled operations involve
writing down the ratios corresponding to the sector slices in the first graph and planning to
transition to the other graph using increases and decreases. Using the ratio between the given slices
in the second graph requires employing the same strategy again. Throughout all these operations,
the aim was to find the ratio constant defined as a variable in the first graph.

Mathematising Competency

Since all three solution methods involved defining variables, creating mathematical models
including constraints, and connecting different models to form equations, they required activating
level 3 mathematising competency. K7 mentioned the importance of recognizing the relationship
between angles in the circle graph and proportional algebraic expressions for defining variables.
K7's comments indicated that they defined the variable proportionally, connected different models
and compared them. These remarks suggested a level 3 mathematising competency.

Representation Competency

In the three methods applied to solve the problem, understanding, using, comparing, and evaluating
multiple complex representations were required (level 3). The majority of participants emphasized
the importance of understanding, using, connecting, or comparing multiple complex
representations in their explanations (indicating level 3). K13, K2, K3, K8, and K9 highlighted the
transition between graphs in their explanations but did not comment on interpreting the circle
graph. Upon examining K13's comments, it was observed that they emphasized transitioning
between representations (level 2): "There are two separate graphs. There is a transition from one
representation to another. There is not just one representation. Therefore, it is a complex problem in
terms of representation. That is why it is advanced."

Using Symbols, Operations, and Formal Language Competency

When evaluating participants' interpretations of operations using symbols, operations, and formal
language, the explanations of ten participants corresponded to level 2, while the explanations of
three participants corresponded to level 3. In the first solution method, expressions containing
variables with multiple components were used and modified, and equations were formulated and
solved together using multiple procedures (level 2). However, in the second and third solution
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methods, two-variable equations were formulated and solved by combining various rules, facts, and
techniques (level 3). For example, the statement of K6 was as follows:

The angles here were nice. 90, 120, 150 were very convenient, you see. So, an operational part will
find a ratio from here. Then, it will be conceptually structured algebraically. It will put the equation.
It will solve the equation, but it is not an equation that will not be solved. It is a simple equation.
So, of course, it will solve, conceptualize, and put it into algebra in 1, 2, or maybe 3 steps.

K6 used the common factors of central angles when forming algebraic expressions, expressing
changes in algebraic expressions. K6 employed multiple mathematical rules and procedures
simultaneously (level 2).

Reasoning and Argument Competency

There was no requirement for any mathematical inference in the three methods used. Therefore,
reasoning and argument competency were at level 0. However, when the comments of the
participants were evaluated, four participants made remarks corresponding to level 0, seven
participants commented corresponding to level 1, and two participants made comments
corresponding to level 2. For example, K8 stated that he made logical inferences while forming the
equation in the solution process:

I wrote the equation using ratios and changes from the first graph to the second graph. Then, I
employed equation solving. The logical inference affected the angles. I mean, writing the ratio of
the angles based on the given figures on the shape. Like what I wrote, 90x, 120x, etc. There is no
specific number. We assign the value. This constitutes a logical inference. Since the angle of L is 90°
in both, it may seem to indicate the same unit. This complicates the inference drawn.

K8 mentioned that the equal distribution of the pie charts representing the L brand televisions on
both graphs made the inference difficult. Accordingly, K8 used both the ratios of the central angles
in both graphs and the increase and decrease amounts of the K and L brand televisions to form the
equation.

Discussion

In this study, it has been observed that mathematics teachers employ different solution methods for
skill-based problems, and these solutions may exhibit varying levels of mathematical competency.
The determined levels of communication competency aside, the levels of other competencies, in
accordance with the evaluations of teachers, seem to be similar across the different solution methods.
This finding is consistent with the conclusion reached by Turner et al. (2015), indicating that different
solution methods may require activation at different levels of competency. In this context, one of the
most critical factors in problem-solving is determining solution methods appropriate for the
students' level of knowledge. Therefore, considering students' knowledge and level when solving
skill-based problems and interpreting mathematical competencies according to different solution
methods is crucial. When examining studies on mathematical questions in the literature, for
instance, Ozgeldi and Aydin (2021) suggest that taking into account different solution methods is an
important finding for understanding and interpreting mathematical competencies based on the
analysis of mathematical competency levels according to a single solution provided in mathematics
textbooks.
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The current research found that skill-based mathematics questions have a high level of
communication competency. However, it has been uncovered that when evaluating the questions
in terms of communication competency, participants tend to assess communication at a lower level
compared to all other competencies. Teachers frequently express that the questions are easy to
understand, clear, and straightforward in their evaluations, yet they struggle to articulate the
connections used in the problem situations. Research indicates that evaluating a question or task
poses different challenges for teachers (e.g., Arbaugh & Brown, 2005). One of these challenges is
teachers' tendency to assess such questions as easy or difficult, especially in questions requiring high
cognitive demands like PISA mathematics questions (Pettersen & Nordvedt, 2018). Hence, it can be
noted that similar results were obtained in the evaluations of skill-based questions with high levels
of mathematical competency by teachers.

The solutions to the skill-based mathematics questions used in the research exhibit a high level of
devising strategy competency. These levels are similar to the levels revealed in teachers' evaluations
within this competency context. The competency in utilizing symbols, operations, and formal
language during the solution process emerges as a crucial factor in executing the action of choosing
among strategies. Teachers who make choices among strategies have indicated that they consider
the number and complexity of operations to be used in the continuation of the solution process when
making their selections. Moreover, when the solution process involves a lower demand level in
devising strategy competency, there is a higher demand for mathematising and competency in using
symbols, operations, and formal language. Turner et al. (2015) remarked that traditional
mathematics education emphasizes mathematising and competency in using symbols, operations,
and formal language during instructional activities. In this sense, the evaluations made by
mathematics teachers in the context of devising strategy are particularly assessed in terms of the
symbols and operations used during the solution process and emerge as a significant factor in
determining the level of mathematical competency. Additionally, in cases where devising strategy
competency remains at a lower demand level, it was observed that mathematical operations and
procedures, such as systems of equations and algebraic expressions, were used, which are not
suitable for the level of 8th-grade students. This indicates that the changes made in the mathematics
curriculum in 2018 have not been accurately reflected in teaching activities. In this regard, the
inclusion of procedural operations not included in the curriculum raises concerns. The result
suggests that the objectives of curriculum changes are not reflected in learning and teaching
activities, and competency in symbols and formalism continues to be emphasized, as indicated by
the findings of Boesen et al. (2014), Adlef et al. (2023), and Niss et al. (2016). This outcome can be
interpreted as teachers prioritizing competency in using symbols, operations, and formal language
over devising strategy competency in their lessons and continuing to use and teach operations
contained in previous mathematics curricula.

Developing mathematising competency requires comprehensive use of real-life problems (Turner &
Adams, 2012). Mathematising competency is activated at the 1st, 2nd, and 3rd demand levels in
solutions, mostly requiring high-level activation. When evaluating their solutions in terms of
mathematising competency, teachers have predominantly expressed actions suitable for the
activated demand level. However, it has been observed that many teachers approach mathematising
competency at a lower level in many questions. These teachers, while addressing the evaluation of
variables used in the solution process within the scope of mathematising competency, do not
consider 'expressing dependent variables in terms of independent variables or interpreting models
for different variables' (Fakhrunisa & Hasanah, 2020) within the scope of mathematising
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competency. In this context, it can be stated that teachers can create modeling suitable for the
demand level of mathematising competency; however, there are cases where they do not evaluate
the structural relationships between variables within the scope of mathematising competency.

In terms of representation competency, it is observed that the solutions to the questions are at a high
level, and teachers also tend to evaluate this competency at a high level. The most notable aspect
within the scope of representation competency is that while most teachers identify and use visual
information, only a few teachers are successful in manipulating representations in a solution-
appropriate manner. Changes made based on the questions can be said to affect strategy
competency, mathematical modeling, and the competency of using symbols, operations, and formal
language. For example, drawings and modifications made to the visual used in the question directly
affect devising strategy competency. Turner and Adams (2012) have emphasized the importance of
teachers encouraging students to use representations in questions and creating opportunities for
students to manipulate representations. In this context, the changes made by teachers on
representations play an important role in solving skill-based questions and have an essential place
in developing representation competency.

The competency of using symbols, operations, and formal language has been evaluated in
accordance with the demand levels activated during the solution process. However, it is noteworthy
that some participants use procedural procedures that are not included in the curriculum and
mention that they address them in their classes. Niss and Hejgaard (2019) have expressed that
procedural knowledge needs to be used to some extent for any competency to be activated, and
furthermore, having a competency is more comprehensive than having procedural skills. Ahl and
Helenius (2023) state that the competency of using symbols, operations, and formal language is
associated with conceptualization and meaning-making. Another result of this study is that the
action of using insight, i.e., using the most appropriate form of an algebraic expression for the
operations to be performed, with algebraic expressions at the 3rd demand level, was not performed
by all participants. In the solutions applied to the 2nd problem used in the research, it was observed
that five participants performed operations at the 2nd demand level by not conducting the action of
working flexibly with algebraic expressions. Additionally, participants who activate the competency
of using symbols, operations, and formal language at the 3rd level have mentioned statements
indicating that they used insight to determine the appropriate algebraic expression form. These
participants stated that they noticed the common factor, which is an algebraic expression, before
applying the steps of the solution process and aimed to reduce the operational burden by performing
the entire operational process within the common factor parentheses. It is observed that as the
demand level increases in the competency of using symbols, operations, and formal language, the
increase in the number, type, and procedures of operations used is not always correct with these
solution methods. It is emphasized that using insight as an action in the highest demand level of the
competency of using symbols, operations, and formal language indicates the importance of
cognitive processes for this competency (Turner et al., 2015).

The competency of reasoning and argument is at a low level in the solutions of the questions. In the
solution process of four questions, no inference was used, and no direct inferences were made from
the given information. It was observed that teachers generally could not identify the mathematical
inferences used in the solution process, and the majority addressed them at a lower demand level in
their evaluations. In these evaluations, teachers who assign values within the given constraints
rather than verbally expressing the inferences they make in the solution process and showing
evidence do not consider them within the scope of reasoning and argument competency.
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Furthermore, the sixth question, in which the competency of reasoning and argument is highly
activated, received mixed reviews; some participants disliked it, stating that it was a question with
an unclear purpose, while others expressed their liking for it, stating that it required mathematical
reasoning. Additionally, nine teachers who evaluated the solution of the seventh question, which
requires the activation of the competency at level 0, also considered various steps taken within the
scope of devising strategy, mathematising, using symbols, operations, and formal language
competencies as mathematical inferences. In this context, it is considered that the effective activation
of high-demand levels for the other five competencies in the question contributes to this situation.
Additionally, it can be argued that due to the high impact of cognitive processes in the solution
process of the problem, teachers may have a misconception that reasoning and argument
competency encompasses all cognitive processes. When these two findings regarding reasoning and
argument competency are considered together, it can be concluded that teachers struggle the most
to distinguish and that teacher perspectives on this competency differ the most. Pettersen and
Nordvedt (2018) noted in their study analyzing teachers' interpretations of questions within the
framework of mathematical competencies that the lowest reliability results were found for reasoning
and argument competency. Moreover, providing opportunities for students to express their ideas
both verbally and in writing and offering opportunities for students to engage with and consider
others' mathematical ideas are considered important for the development of reasoning and
argument competency (Turner & Adams, 2012). Teachers' difficulty in identifying actions that
require the activation of reasoning and argument competency may be interpreted as a lack of
consciously conducting instructional activities aimed at developing reasoning and argument
competency in students.

Analytical skills to assess mathematical competency demands can be developed, yet they require
time and experience (Arbaugh & Brown, 2005; Pettersen & Nordvedt, 2018). In this regard, it is
crucial for teachers to gather to examine the questions and discuss mathematical competency
demands (Pettersen & Nordvedt, 2018). It is deemed necessary for teachers who conduct
instructional activities within the framework of mathematical competencies to effectively utilize the
framework as well (Turner et al., 2015). Educating individuals with mathematical competency is
only possible if teachers design and select instructional activities aimed at developing mathematical
competencies (Niss & Hojgaard, 2019; Turner et al., 2015). In this respect, in-service teacher training
workshops can be organized for mathematics teachers to analyze mathematical competencies as
they are expected to analyze these competencies and design their lesson plans accordingly to
enhance these competencies in order to achieve the goal of improving mathematical literacy skills
outlined in the mathematics curriculum.
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OZET MAKALE BILGISI
Bu calismanin amaci, ortaokul matematik Ogretmenlerinin beceri temelli matematik
sorular1 igin gelistirdikleri ¢6ziim yontemlerinin ve bu ¢oziimler kapsaminda yaptiklari  Makale Tiirii
degerlendirmelerinin ~ matematiksel  yetkinlikler  cercevesinde incelenmesidir. Arastirma
Matematiksel yetkinlik talepleri iletisim, strateji gelistirme, matematiklestirme, temsil,
sembolleri, islemleri ve resmi dili kullanma, akil yiiriitme ve argiiman gelistirme olarak  pakale Gegmisi
tanimlanmaktadir. Caligmaya 13 ortaokul matematik 6gretmeni (7 Kadin, 6 Erkek) Gsnderim tarihi:
goniillii olarak katilmigtir. Calismaya katilan Ggretmenlere 12 beceri temelli soru 54 91 2024
sorulmus, Ogretmenlerin ¢oziimleri incelenmis ve ardindan her biri ile yarn Kabul tarihi:
yapilandirilmis  goriismeler diizenlenmistir. Goriismelerde Ogretmenlere yari- 26.02.2024
yapilandirilmis sorular sorulmus ve yaptiklari degerlendirmeler matematiksel
yetkinlikler kapsaminda incelenmistir. Calismanin sonuglari, 6gretmenlerin sorularin .
- . - - . Anahtar Kelimeler
¢oziimlerinde farkli ¢6ziimler uyguladiklar1 ve bu ¢dziimler kapsaminda matematiksel .
. ; y . e . . Matematiksel
yetkinliklerin farkli diizeylerde ortaya c¢iktigimi gostermektedir. Coziimlerin belirlenen o ]
diizeyleri goz oniinde bulunduruldugunda, 6gretmenlerin degerlendirmelerine gore Yetkinlik, Beceri
iletisim yetkinligi disinda diger yetkinliklerin belirlenen seviyeleri benzerdir. Stratejiler Temelli Sorular,
arasinda segim yapma eyleminin gerceklestirilmesinde onemli etken olarak ¢6ziim Matematik
siirecinde sembolleri, islemleri ve resmi dili kullanma yetkinligi 6ne ¢ikmaktadir. Ogretmeni

Ogretmenlerin matematiklestirme yetkinliginin talep diizeyine uygun olan modellemeler
olusturabildikleri; fakat degiskenler arasindaki yapisal iligkileri matematiklestirme
yetkinligi dahilinde degerlendirmedikleri goriilmiistiir. Temsil yetkinligi kapsaminda en
dikkat ¢eken nokta, 6gretmenlerin cogunun gorsel bilgileri belirleyip kullanmalari, ancak
temsilleri ¢dziime uygun sekilde manipiile etmekte az sayida Ogretmenin basarili
olmasidir. Sembolleri, islemleri ve resmi dili kullanma yetkinliginde talep diizeyi arttikca
kullanilan islem sayusy, tiirii ve prosediirlerin artmasinin her durumda dogru olmadig: bu
¢oziim yontemleriyle goriilmiistiir. Ogretmenlerin genellikle ¢oziim siirecinde kullamlan
matematiksel ¢ikarimlari belirleyemedikleri ve cogunlugunun degerlendirmelerinde
daha diisiik talep diizeyinde ele aldiklar1 goriilmiistiir.

Atif Bilgisi: Bozkus, C. ve Ozgeldi, M. (2024). Ortaokul matematik 6gretmenlerinin beceri temelli sorulara
yonelik degerlendirmelerinin matematiksel yetkinlikler gercevesinde incelenmesi. Uluslararas: Tiirk Egitim
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" Calisma, birinci yazar Cigdem Bozkus un yaymlanmamus yiiksek lisans tezinden iiretilmistir

554


https://doi.org/10.46778/goputeb.1425323
mailto:mericozgeldi@mersin.edu.tr
https://orcid.org/0000-0002-5483-0064
https://orcid.org/0000-0002-4623-9397
http://dx.doi.org/10.22596/2018.0302.1.13

Ortaokul Matematik Ogretmenlerinin Beceri Temelli Sorulara Yonelik Degerlendirmelerinin
Matematiksel Yetkinlikler Cercevesinde Incelenmesi

Giris

Bir alanda yetkinlige sahip olmak, ilgili alanin temel yonlerine hakim olmay1 gerektirir (Niss, 2003).
Geleneksel Ogretim yaklasiminda igerik bilgisine sahip bireyler yetistirmek ©n planda iken
gliniimiizde igerik bilgisini uygulayabilen ve uyarlayabilen bireyler yetistirmek onemli hale
gelmistir. Matematiksel yetkinlik, icerik bilgisi ve biligsel alanlar1 birlikte ele alir ve igerige 6zgii
bilissel alanlar1 ifade eder (Harks, 2014). Diger yandan matematiksel yetkinlik matematiksel igerikler
olmadan var olamayacag gibi bir matematiksel igerigin 6zeline de indirgenemez (Niss ve Hojgaard,
2019). Bu baglamda matematiksel yetkinlik, matematiksel bilgilerin uygulamasi icin temel olan
stirecleri kapsar (Tuner ve digerleri, 2015). Son yillarda bu siireglerin rolii ile ilgili anlayisin gelismesi
ve matematik derslerinde bu siireclere yer verilmesi ile matematiksel yetkinliklere sahip bireyler
yetistirilmesi nem kazanmuistir.

Matematiksel yetkinlik gerceveleri, zorluklar karsisinda gergeklestirilen matematiksel eylemlerin
bilissel karmagikligini farkli boyutlarda matematiksel yetkinlik talepleri olarak ele almaktadir
(Turner, 2012). Niss (2003) matematiksel yetkinlige sahip olmanmin matematigin rol oynadig:
matematik i¢i ve dis1 baglamlarda matematigi anlama, yargilama, uygulama ve kullanma yetenegi
oldugunu ifade etmistir ve matematikte ustalasmak icin gerekli oldugu diisiiniilen matematiksel
yetkinlik talebini Danimarka KOM (Danca: Yetkinlikler ve Matematik Ogrenimi) projesinde ele
almistir. Bu gerceve Avrupa’da Danimarka, Almanya, Katalonya, isvec; ve Norveg gibi bir¢ok
iilkenin matematik miifredati ve Olgme degerlendirme Olgiitlerini etkilemistir (Pettersen ve
Nortvedt, 2018). Bu baglamda 0grencilerin matematiksel yetkinlik yoniinden zengin gorevlerle
ilgilenmesi, 6gretmenlerin ise kullanilan gorevlerin yetkinlik taleplerini dogru degerlendirebilmesi
onemli hale gelmistir (Pettersen ve Nortvedt, 2018). Matematiksel yetkinliklerin matematik
Ogretiminde faydali olabilmesi i¢in Ogrencilerin matematiksel yetkinliklere yonelik bilgi ve
eylemlerindeki ilerleme fikrine odaklanan etkinliklerin kullanilmasi 6n plana ¢ikmustir (Ahl ve
Helenius, 2023).

Turner ve Adams (2012), Niss'in (2003) matematiksel yetkinlikler cergevesini gelistirerek
matematiksel yetkinlik taleplerini tekrar tanimlamis ve her bir yetkinlik icin dort diizey
belirledikleri bir ¢ergeve olusturmustur. Bu ¢ercevede matematiksel yetkinlik talepleri 1. Iletisim, 2.
Strateji, 3. Matematiklestirme, 4. Temsil etme, 5. Sembolleri, islemleri ve resmi dili kullanma
(Semboller ve formalizm), 6. Akil yiirlitme ve argliman gelistirme yetkinlikleridir. Gelistirilen
cercevede her bir matematiksel yetkinlik talebinin iki diisiik, iki yiiksek diizeyi ve bu diizeylere
karsilik gelen eylemler yer almaktadir. Bu teorik gergeve Uluslararasi Ogrenci Degerlendirme
Programi (PISA) sorularinin madde giigliiklerini belirlemede kullanilmis ve ¢alisma sonucunda
matematiksel yetkinlik taleplerinin tanimlar1 ve diizeylerini belirten eylemler diizenlenerek daha
ayrintili hale getirilmistir (Turner ve digerleri, 2015).

Matematiksel yetkinlik cerceveleri, matematik 6gretiminin amacini, iyi ¢alisilmis islemleri tekrar
etmekten ziyade bilgi ve becerilerin gerektiginde kullanilabilmesi icin yetkinliklerin gelistirilmesi
olarak ele almaktadir (Kilpatrick, 2014). Niss (2003) matematiksel yetkinliklerin (i) okul
matematiginin sonuglarini belirlemek, (ii) matematik 6gretimi ve 6grenimini karakterize etmek, (iii)
ogrencilerin ne 6grendiklerini veya 6gretmenlerin ne 6grettiklerini izlemek ve kontrol etmek olmak
tizere li¢ farkh sekilde kullanilabilecegini belirtmistir. Bu baglamda matematik egitiminin amaci,
ogrencilerin matematiksel yetkinlik diizeylerini yiikseltmek olup, bu ama¢ dogrultusunda
Ogretmenlerin  kullanilan =~ matematiksel =~ gorevleri  yetkinlikler  agisindan  dogru
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degerlendirebilmelerine yardimci olmaktir (Pettersen ve Nortvedt, 2018). Turner ve digerleri (2015)
matematiksel yetkinliklerin matematik Ogretiminde resmi olarak yer almasi gerektigini ve
olusturduklari ¢ercevenin 6gretmenler tarafindan uygun 6gretim gorevleri segmek, tasarlamak veya
degerlendirmek igin kullanilabilecegini belirtmistir. Shimizu ve digerleri (2010) ise 0gretim ve
degerlendirme faaliyetleri igin secilen gorevlerin 6grencilerin performanslarini ortaya ¢ikarmasi,
beslemesi ve gelistirmesi gerektigini ifade etmistir. Bu amagla 6gretmenlerin o6gretimde veya
degerlendirmede kullanilan gorev veya sorulari igerikle beraber bilissel talep agisindan da analiz
edebilmesi gerekli goriilmektedir.

Tiirkiye’de 2015 PISA sonuglar1 ve OECD Tiirkiye raporu dogrultusunda Milli Egitim Bakanlig:
(MoNE) 8. sif 6grencilerinin girdigi Temel Egitimden Ortadgretime Gegis Sistemini (TEOG)
kaldirmis ve Lise Gegis Sistemini (LGS) uygulamaya baslamistir (MoNE, 2018). LGS’de soru yapist
uluslararas1 smavlara daha etkili bigimde hazirlanmak amaciyla beceri temelli sorular olarak
degistirilmistir (Erden, 2020). Altun (2020) giinliik dilde beceri temelli veya yeni nesil sorular olarak
adlandirilan sorularin gergekte matematik okuryazarligi sorular1 olduguna isaret etmistir. Bu
dogrultuda degisen sinav sistemine uygun olarak hazirlanan beceri temelli soru ornekleri diizenli
olarak yayimlamaktadir ve bu sorulardan olusturulan Beceri Temelli Testler ve LGS Calisma Kitab1
isimli kaynak kitaplar MoNE’ye bagh devlet okullarinda 6grencilere 2020-2021, 2021-2022 ve 2022-
2023 egitim-6gretim yillarinda ulagtirilmistir (MoNE, 2022).

MoNE matematik dersi Ogretim programinda matematik dersinin amaglarindan ilkinin
‘matematiksel okuryazarlik becerilerini gelistirmek ve etkin sekilde kullanmak’ oldugunu
belirtmistir (MoNE, 2018). Matematiksel okuryazarlik, Niss'in (2003) belirledigi matematiksel
yetkinliklere gore tanimlandigindan matematiksel okuryazarlik becerilerinin gelistirmesi igin
matematiksel yetkinliklere yonelik Ogretim faaliyetleri onem kazanmaktadir. Fakat genellikle
matematik derslerinde matematiksel yetkinliklerin tamamini gelistirmeye yonelik faaliyetlerin
yuriitiilmedigi goriilmiistiir (Charalambous ve Philippou, 2010). Petterson (2019) tiim egitim
seviyelerinde 0gretim faaliyetlerinde yer alan 6gretmenlerin matematiksel yetkinliklerin farkinda
olmasi ve siif etkinliklerinin bu yetkinlikleri gelistirmeye tesvik edici sekilde planlamasi ve
uygulamasi gerektigini belirtmistir.

Bu ¢alismanimn amaci, ortaokul matematik 6gretmenlerinin beceri temelli matematik sorular: igin
gelistirdikleri ¢oziim yontemlerinin ve bu ¢oziimler kapsaminda yaptiklar1 degerlendirmelerinin
matematiksel yetkinlikler cercevesinde incelenmesidir. Bu g¢alismanin Tiirkiye’de 2018 yilinda
degisen matematik 6gretim programi ve LGS ile 6nem kazanan matematiksel okuryazarlik ve beceri
temelli sorularin Ogretmenler tarafindan matematiksel yetkinlik talepleri agisindan incelenmesi
baglaminda alanyazina katki saglayacag: diisiiniilmektedir. Matematik Ogretmenlerinin sinav
sorularmni matematiksel yetkinlik talepleri yoniinden degerlendirebilmelerinin matematik 6gretim
programinin degisen hedeflerinin igsellestirilmesi ve derslere yansitilabilmesi agisindan dnemlidir.
Arastirma sorusu su sekildedir:

Ortaokul matematik Ogretmenlerinin beceri temelli matematik soru ¢oziimleri kapsaminda
yaptiklar1 degerlendirmelerin matematiksel yetkinlik diizeyi nedir?
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Kavramsal Cerceve ve Ilgili Calismalar

Matematiksel Yetkinlik

Matematiksel yetkinligin tanimlanmasi ¢ok kolay olmamakla beraber arastirmacilar bu tanimin
bir¢ok oOzelligine dikkat ¢ekmistir. Genel anlamda, matematiksel yetkinlik, “kisilerin verilen
durumlarla ilgili matematiksel zorluklara karsi uygun bir sekilde hareket etmeye hazir olma
durumu” olarak tanimlanir (Niss ve Hejgaard, 2019, s.12). Matematiksel yetkinlik bireyin belirli
matematiksel becerilere sahip olmasi ve bu becerileri gerekli oldugu durumlarda harekete
gecirilebilme derecesidir (Turner ve digerleri, 2015). Bununla birlikte, matematiksel yetkinlik fiziksel
ve zihinsel eylemlere yoneliktir ve bireylerin matematiksel fikirleri anlama ve matematiksel bilgileri
uygulama eylemleri gibi gesitli siireclere dayanir (Niss ve Hojgaard, 2019; Turner ve Adams, 2012).

Matematigin uygulanmasi ve matematiksel siireglerin hayata gegirilmesine odaklanan matematiksel
yetkinlik ile matematik okuryazarhig1 uyum igerisindedir (Niss ve Hgjgaard, 2019). PISA matematik
bileseninde katilima tilkelerdeki 15 yas grubunda yer alan 6grencilerin matematik okuryazarlig
kargilastirmali olarak incelenmektedir (OECD, 2019). PISA'nin temel amaci 6grencilerin okulda
ogrendikleri bilgileri giinlilk yasamda kullanabilme becerilerini 6lgmektir. Bu dogrultuda
matematik okuryazarligini bireylerin matematigi kullanma, formiile etme ve yorumlama kapasitesi
olarak ele alir. Matematik okuryazarligi baglaminda ihtiyag duyulan sekiz temel siire¢ tanimlanmis
ve bunlar Niss (2003) tarafindan tanimlanan matematiksel yetkinliklerden faydalanilarak
olusturulmustur (Niss, 2015). Bu matematiksel yetkinlik talepleri matematiksel diistinme;
matematiksel problemler olusturma ve ¢bzme; matematiksel olarak modelleme; matematiksel
olarak akil ytiriitme; temsil etme; formal, teknik dil ve islemleri kullanma; matematikte, matematikle
ve matematik hakkinda iletisim kurma; matematiksel arag geregleri kullanma olarak ele
alinmaktadir. Turner ve Adams (2012), Niss (2003) tarafindan tanimlanan bu matematiksel
yetkinliklerden yola c¢ikarak matematiksel yetkinlikleri yeniden tanimlamis ve bunlarin
etkinlestirilme taleplerini dort diizeyde ele aldiklar1 bir gerceve gelistirmistir. Bu matematiksel
yetkinlik g¢ercevesi hem matematik sorular1 ve gorevlerinin gligliiklerini belirlemek hem de
matematik siniflarinda  dogrudan bu yetkinliklerin gelistirilmesine yonelik c¢alismalarin
yapilabilmesini hedeflemektedir (Turner ve Adams, 2012).

Turner ve digerlerinin (2015) gelistirdigi matematiksel yetkinlik taleplerinin diizeylerini tanimlayan
gerceve problem ¢ozme siirecinde kullanilan eylemleri birbiriyle iligkili siiregler olmasma ragmen
miimkiin oldugunca ayristirmaya ve talep diizeylerini belirlemeye 6nem verilerek hazirlanmis olup
ogretmenler ve test gelistiricileri tarafindan kullanilmaya uygun oldugu soylenebilir. Matematiksel
yetkinliklerin matematik egitiminde resmi sekilde yer almasi ve bunun sonucunda da matematiksel
yetkinliklerin gelistirilmesinde bilingli bir ¢aba gosterilmesi gereklidir. Matematik 6gretmenlerinin
burada tanimlanan matematiksel yetkinliklere hakim olmalar1 ve her birinin gelistirilebilmesi igin
ogrenme firsatlar1 olusturabilmeleri matematiksel okuryazarligi arttirabilmek igin Onemli
gortilmektedir (Turner ve digerleri, 2015).

Matematiksel yetkinlikler cercevesinde iletisim; strateji gelistirme; matematiklestirme; temsil;
sembolleri; islemleri ve resmi dili kullanma; akil yiirlitme ve argiiman gelistirme matematiksel
yetkinlikleri ve bu yetkinliklerin diizeyleri (diizey 0, diizey 1, diizey 2, diizey 3) yer almaktadir.
Turner ve digerleri (2015) matematiksel yetkinliklerin tanimlari ile beraber sorunlari ¢6zmek igin
gereken biligsel gerekliliklerin 6nemli yonlerini ele alan, saglam temellere dayanan ve kullanish
faktorler igeren diizey tarumlarinin olusturulmasini esas amag edinmislerdir. Bu gercevede her
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yetkinlik i¢in belirlenen dort diizeyden 0. Diizey ve 1. Diizey ilgili matematiksel yetkinlige duyulan
talebin diisiik diizeyde, 2. Diizey ve 3. Diizey ise yliksek diizeyde oldugu durumlar i¢in ayrintil ele
alinmistir. Her bir matematiksel yetkinlik i¢in diizeyler Ek A’da gosterilmistir.

Iletisim Yetkinligi

Heti@im sunulan ifadeleri, sorulari, talimatlari, gorevleri, goriintiileri ve nesneleri okuma ve
yorumlama; sunulan durumu hayal etme, anlama ve atifta bulunulan matematiksel terimler dahil
olmak iizere saglanan bilgileri anlamlandirmay: ifade eder (Turner ve digerleri, 2015). Iletisim
yetkinligi problem durumuna yonelik bilgilerin anlasilmasi ve yorumlanmasi olarak
degerlendirilebilir. Bilgiler arasinda baglantilar kurmanin gerekli olmasi veya sunulan bilgiyi
anlamak icin materyal igerisinde geriye donmenin gerekli olmasi, ¢oziimiin sunumunun ¢ok sayida
asama ve gerekcelendirme igermesi iletisim yetkinligine olan talebi yiikseltmektedir (Turner ve
Adams, 2012).

Strateji Gelistirme Yetkinligi

Strateji bir problemi ¢6zmek igin problem durumuna yaklagsmaya yonelik eylem secimi olarak ele
alinir (Turner ve Adams, 2012). Strateji birbiriyle baglantili olan birden fazla asamadan olusabilir.
Bununla beraber ¢6ziim siirecinin fiziksel olarak yiiriitiilmesi strateji gelistirme yetkinliginin
kapsaminda ele alinmaz (Turner ve digerleri, 2015). Strateji gelistirme yetkinligine duyulan talep
diizeyi stratejinin belirlenmesinde kullanilan yaraticihik ve bulus derecesi ve ¢oziim siirecinde
kullanilan adimlarin sayis: ve adimlar arasi iligkilerin karmagiklig ile yiikselir (Turner ve Adams,
2012). Strateji gelistirme bir problemi ¢6zmek i¢in matematiksel bir strateji se¢me veya tasarlama ve
ayni zamanda stratejinin uygulanmasini izleme ve kontrol etmeyi ifade eder.

Matematiklestirme Yetkinligi

Matematiklestirme, matematik disinda yer alan bir durumun matematiksel isleme uygun bigime
getirilmesi veya matematiksel bir modelin duruma uygun olarak yorumlanmasim ifade eder
(Turner ve Adams, 2012). Matematiklestirme matematik disi durumlarin matematiksel olarak
temsiliyle ilgilenirken temsil yetkinligi matematiksel ifadelerin matematik i¢i veya dis1 olacak
sekilde temsil edilmesini ile ilgilenir (Turner ve digerleri, 2015). Matematiklestirme yetkinligine olan
talep problem durumunda belirtilen matematiksel baglamlar ve matematiksel yapilar arasinda
ceviri yapmak icin gerekli olan bilgi diizeyi, yaraticilik ve i¢ gorii kullanma diizeyine bagl olarak
ylikselir (Turner ve Adams, 2012). Matematiklestirme matematik dis1 bir durumu matematiksel bir
modele ¢evirme, problem durumuyla ilgili bir model kullanmanin sonuglarimi yorumlama veya
problem durumuyla ilgili olarak modelin yeterliligini dogrulamay: ifade eder (Turner ve digerleri,
2015).

Temsil Yetkinligi

Temsil matematiksel bir varligin somut bir ifadesi olarak ele alabilir (Turner ve Adams, 2012).
Temsil grafik, diyagram olabilecegi gibi s6zel, sembolik veya mecazi olabilir. Bununla beraber bazi
problemlerde kullanilan basit metin diyagramlari, fotograflar gibi problem durumunu dogrudan
resmeden figiirler temsil yetkinligini etkinlestirmeyi gerektirmez. Temsil yetkinligine duyulan talep
temsillerin karmagsikligi, farkli temsillerden bilgilerin beraber degerlendirilmesi veya temsil
tasarlama ihtiyacina bagl olarak yiikselir (Turner ve digerleri, 2015). Temsil yetkinligi ¢6ziim
arayisinda verilen matematiksel temsillerin kodunu ¢6zme, bunlar arasinda geviri yapma ve
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bunlardan yararlanma; durumu yakalamak veya c¢alismalarini sunmak i¢in uygun temsilleri se¢me
veya tasarlamayi ifade eder (Turner ve digerleri, 2015).

Sembolleri, fglemleri ve Resmi Dili Kullanma Yetkinligi

Matematiksel igerik bilgisini kullanma, sembollerin, islemlerin ve resmi dilin yetkin bir sekilde
kullanilmas: olarak diistintilmektedir (Turner ve Adams, 2012). Bu siirecte gerekli bilgileri anlama,
hatirlama, kullanma ve degistirebilme 6nemli goriilmektedir. Sembolleri, islemleri ve resmi dili
kullanmaya yonelik talep matematiksel igerik bilgisinin ve uygulanmasi gereken matematiksel
prosediirlerin karmagsikligiyla artar. Sembolleri, islemleri ve resmi dili kullanma yetkinligi
matematiksel prosediirleri ve dili (sembolik ifadeler, aritmetik ve cebirsel islemler dahil) onlar
yoneten matematiksel kurallar1 anlama ve uygulama ile tanimlara, sonuglara, kurallara ve bicimsel
sistemlere iligkin bilgileri etkinlestirme ve kullanmay1 ifade eder (Turner ve digerleri, 2015).

Alkal Yiiriitme ve Argiiman Gelistirme Yetkinligi

Akl yturiitme ve argiiman gelistirme ¢0ziim siirecini devam ettirebilmek icin yapilmas1 gereken
¢ikarimlar1 ve bu sirada bilginin igsel ve zihinsel islenmesi ile beraber kullanilan zihinsel siireci
acgiklamak, kanitlamak ve dogrulamak eylemlerini ifade eder (Turner ve Adams, 2012). Problemin
¢ozlim siirecinde kullanilan ¢6ziim adimlarini belirlemek igin de zihinsel siiregler etkinlestirilir fakat
bunlar strateji gelistirme yetkinliginde ele alinmaktadir. Akil yiiriitme ve argiiman gelistirme
yetkinligine olan talep kullanilan ¢ikarim zincirinin uzunlugu ve karmasiklig: ile ytiikselir (Turner
ve Adams, 2012). Argiiman gelistirme yetkinligi argiimanlar1 ve sonuglar1 olusturma, inceleme veya
dogrulamak igin problem Ogelerini kesfeden ve birbirine baglayan mantiksal olarak kok salmig
diisiince stireglerini kullanarak ¢ikarimlar yapmayi ifade eder (Turner ve digerleri, 2015).

ilgili Calismalar

Niss ve digerleri (2016) matematiksel yetkinlik ¢ergevelerinin arastirmalar i¢in kullanilabilmesinin
onemli oldugunu ve bunun igin yetkinliklerin iyi tanimlanmis olmasi ve iyi diisliniilmiis aragtirma
tasarimlarmin gerekliligini savunmustur. Bu baglamda Turner ve digerlerinin (2015) matematiksel
yetkinlikler gercevesi 6n plana ¢ikmaktadir. Bu teorik gergeve matematik sorularinin analizlerinde
kullanilarak hem sorularin madde giigliikleri hem de analizi gerceklestiren 6gretmen gruplarinin
matematiksel yetkinliklere hakimiyetlerini inceleyen arastirmalarda kullanilmaktadir. Ornegin,
Pettersen ve Nortvedt (2018) bes ogretmen ve bes 6gretmen adayindan PISA 2012 matematik
sorularmi degerlendirirken Turner ve digerlerinin (2015) matematiksel yetkinlik cergevesini
kullanmasini istemistir. Calismanin sonucunda 6gretmenlerin degerlendirmelerinin tutarli oldugu
fakat degerlendirmelerinde diizeyleri sinirh bir aralikta kullandiklar1 ifade edilmistir. Buna gore
Turner ve digerlerinin (2015) gelistirdikleri matematiksel yetkinlik talepleri ve diizeylerini belirten
gergevenin uygun gorevleri se¢me ve analiz etme amaciyla 6gretmenler tarafindan kullanilmasimin
yararli olabilecegi belirtilmistir (Pettersen ve Nortvedt, 2018). Benzer sekilde, Pettersen ve Braeken
(2019) PISA 2012 matematik anketi ve Norve¢ ulusal smnavi matematik sorularint matematik
ogretmenlerinin ile Turner ve digerlerinin (2015) matematiksel yetkinlik cercevesini kullanarak
puanlamalarini  gerceklestirmistir. Bu calismaya gore, O0gretmenlerin matematiksel yetkinlik
talepleri ve diizeyleri ile ilgili egitimi almalarinin etkili olabilecegi diistiniilmektedir.

Ogretmenlerin &grencilerin matematiksel yetkinliklerinin gelisimlerini tesvik etmesi matematik
O0gretiminde bir Oncelik haline gelmektedir (Niss ve digerleri, 2016). Bu dogrultuda matematik
programlarinda ve miifredatlarinda yapilan degisikliklerin 6gretmenler tarafindan anlasilmas: ve
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matematiksel yetkinlikleri gelistirmeye tesvik eden ders etkinlikleri ve gorevlerini belirlemek ve
tasarlamak icin desteklenmeleri gerekmektedir (Turner ve digerleri, 2015). Ogretmenlerin
matematiksel yetkinlik talepleri konusunda simirli bilgi sahibi oldugunu ortaya koyan Petterson
(2019) 6gretmenlerin matematiksel yetkinlik taleplerini analiz edebilmesi gerektigini belirtmistir.
Ancak matematiksel yetkinlik taleplerinin farkinda olan 6gretmenlerin bunlar1 sinif gorevlerine
yansitarak ogrencilerin matematiksel gelisimlerini destekleyebilecegini ifade etmistir. Bu baglamda
Oogretmenlerin gorevlerde etkinlestirilmesi gereken matematiksel yetkinlikleri, matematiksel
yetkinlik analiz semalar1 kullanarak degerlendirmesi ve bu konuda hizmet ici egitimlerle
desteklenmesi ve tesvik edilmesi gerektigini isaret etmistir.

Ogretmenlerin &gretim programmin gerekliliklerini nasil ele aldiklar1 ve nelere dikkat ettiklerini,
Ogretmen tarafindan gelistirilen testlerle bunlarin nasil ortaya ¢ikabilecegini arastiran bir¢ok ¢alisma
vardir. Bunlardan Boesen (2006), matematiksel yetkinlikleri inceledigi ¢alismasinda ulusal sinav
sorularmni temel alarak katihimc 6gretmenlerden yaratici problem ¢ézme ve test olusturmasmi
istemigtir. Ogretmen yapimi testlerin matematiksel yetkinliklerin tiimiinii etkinlestirmeyi
gerektirmeyen stratejiler ile ¢dzmeye doniik gorevler igerdigi ve ulusal smnavlarda temel alian
matematiksel yetkinliklerin 6gretmenlerin test gelistirmesi {izerindeki etkisinin sinirli oldugunu
belirlemistir. Bununla beraber matematiksel yetkinliklerin bilimsel arastirmalarda veri analizi
yapmak ve testleri degerlendirmek veya gelistirmek igin faydali birer ara¢ oldugu da belirtilmistir.
Benzer sekilde, Becevic (2023) matematik 6gretmenlerinin matematik 6gretim programinda yer alan
matematiksel yetkinlikleri gelistirme hedeflerini degerlendirmek igin Ogretmen yapimi test
uygulamalarina teorik bir bakig getirmistir. Ogretmenlerin matematiksel yetkinlikler konusunda
farkindaliklarinin artmasi ve bunun smnif uygulamalarina da yansimasi onemli bir bulgu olarak
degerlendirilmektedir.

Matematiksel yetkinlikler calismalarda beraber ele almabildigi gibi bir ya da birkag yetkinligin
gelistirilmesini temel alan arastirmalar da yapilabilir (Niss ve digerleri, 2016). Bu baglamda
Hojgaard (2021) matematiklestirme yetkinligini ele almis ve problem ¢6zme ile matematiklestirme
arasindaki farkliliklar ve iliskilere deginmistir. Hejgaard (2021) calismasinda ogrencilerin
matematiklestirme yetkinligini gelistirmekte kullanilan gorevlerin 6nemine deginmistir. Bir gérevin
gorevi yerine getirenler icin rutin olan stratejilerin, yontemlerin ve prosediirlerin uygulanmasmdan
Oteye geg¢mesi ve gorevin onunla ilgilenen kisiler i¢in matematiksel sorunlar ortaya koymasi
gerektigini ifade etmistir. Bu baglamda matematiksel gorevlerin gelistirilmek istenen matematiksel
yetkinliklerin talepleri dogrultusunda tasarlanmasi ve se¢ilmesinin 6nemli oldugu soylenebilir.

Tiirkiye’de 2018 yilinda degisen matematik 0gretim programi ve LGS matematik testinde beceri
temelli sorularin kullanilmaya baglanmas1 sonrasi yapilan soru degerlendirme, ders kitab1 ve
O0gretim programi inceleme galismalar1 alanyazinda yer almaktadir. Bunlardan LGS matematik
testinde yer alan sorulari analiz eden Kiiciikgengay ve digerleri (2020) LGS’de kullanilmis olan
sorular1 ve MoNE'nin yaymladig: 6rnek sorular1 PISA 2012 problem ¢6zme becerileri baglaminda
ele almistir. Arastirmanin sonucunda beceri temelli sorularin birden fazla kazanimi 6l¢gmeye yonelik
oldugu ve sorularin ¢oziimlerinin planlama ve uygulama, kesfetme ve anlama, temsil etme ve
formiile etme, kontrol etme ve yansitma siireglerini icerdigi goriilmiistiir. Yiiceer (2023) LGS
matematik sorularini matematik 0gretim programina ve TIMSS cercevesine gore analiz ettigi
calismasinda sorularin matematik Ogretim programina gore dengeli bir dagilim gostermedigi
sonucuna isaret etmistir. Bununla beraber TIMSS yeterlik diizeylerine gore yapilan analizler alt
diizeye yoOnelik hi¢ soru olmadigini; orta diizeyde az sayida soru oldugunu ve sorularin
¢ogunlugunun iist veya ileri diizey oldugunu gostermistir (Yiiceer, 2023). Benzer sekilde, Ar1 (2022)
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matematik ders kitaplari ile LGS matematik sorularini karsilastirdig: calismasinda ders kitaplarinda
yer alan soru ve etkinliklerin iist diizey diisiinme becerisine katki saglayacak nitelikte olmadigin
bununla beraber LGS matematik sorularmin iist diizey diistinme becerisi gerektirdigini belirtmistir.
Bu calismalar LGS matematik testinde yer alan sorularin iist diizey matematiksel beceriler
gerektirdigi ortaya koymustur. Ancak, LGS matematik sorularim1 matematiksel yetkinlikler
baglaminda ele alan bir ¢alismaya rastlanmamuistir.

Kertil ve digerleri (2021) ortaokul matematik Ogretmenlerinin beceri temelli sorulara yonelik
diistincelerini, derslerinde nasil uyguladiklarini ele aldiklar1 c¢alismasinda Ogretmenler ile
goriismeler gerceklestirmislerdir. Matematik 6gretmenlerinin beceri temelli sorular ile ilgili olumlu
goriislere sahip olmakla beraber sinif icinde bu sorulara yer vermelerinin sikli$in1 genellikle haftada
bir olarak belirtmiglerdir. Bununla beraber MoNE ders kitaplarinda yer alan etkinlik ve sorularin
yetersiz oldugu ve 6gretmenlerin beceri temelli soru yazma ve problem ¢6zme becerisini gelistirmek
i¢in egitime ihtiya¢ duyduklarini belirtmistir. Cetin (2019) LGS matematik sorulari ile ilgili olarak
Ogretmen goriislerini ele aldig1 calismasinda ogretmenlerin kendilerini gelistirme ve yenilemeye
ihtiya¢ duyduklarmi ve LGS sonuglarinin {izerlerinde baski olusturdugunu ifade etmistir. Diger
yandan, Cetin ve Unsal (2019) LGS'nin matematik ogretmenleri tizerindeki etkilerini ve matematik
O0gretim programinin uygulanmasi {izerindeki yansimalarmni incelemistir. Calisma sonucunda
merkezi smnavlarin Ogretmenlerin mesleki gelisimlerini olumlu etkiledigi, bununla beraber
ogretmenlerin 6gretim programi uygularken tiim boyutlarini ele almadiklarmi, LGS basarisina
odaklanarak amag ve igerik belirlediklerini, 6l¢gme degerlendirme faaliyetlerini ¢oktan seg¢meli
smavlar ile gerceklestirdiklerini ve derslerde anlatim ve test ¢cozme faaliyetlerine agirlik verdiklerini
belirtmislerdir. Benzer sekilde, Sen ve Unal (2020) 2018 yilinda degisen matematik Ogretim
programini degerlendiren calismalarinda ise matematik Ogretmenlerinin programda yapilan
degisiklikleri kazanimlarin azalmasi veya yer degistirmesi olarak nitelendirdiklerini belirtmistir.
Tiirkiye’de yapilan bu g¢alismalar dikkate alindiginda 6gretim programi, ders kitaplar: ve beceri
temelli sorular arasindaki farklilasmalar dikkat ¢ekerken matematik Ogretmenlerinin Ogretim
programini uygulama ve beceri temelli soru segme, yazma ve derslerde uygulama ile ilgili hizmet
ici egitimlerin gerekliligini belirtmektedir. Bu baglamda Turner ve digerlerinin (2015) matematiksel
cercevesini ele alan bir ¢alismaya rastlanmamis olup 6gretmenlerin matematiksel gorevleri analiz
edebilmeleri ve buna bagl olarak ders igi faaliyetlerini diizenleyebilecekleri diistiniilmektedir.

Bu baglamda matematiksel yetkinliklerin matematik programlar1 ve miifredat belgeleri tizerinde,
matematik sorular1 ve gorevlerinin giigliikleri ve uygun olanlarin secilmesinde, bireysel ve gruplar
halinde matematiksel yetkinlik diizeylerinin belirlenmesinde daha fazla ¢alismaya ihtiya¢ oldugu
ifade edilebilir (Niss ve digerleri, 2016). Tiirkiye’de 2018 yilinda degisen matematik 6gretim
programinin 6grencilerin matematiksel yetkinliklerini gelistirme hedefini gergeklestirilebilmesi ve
LGS matematik testinde basarinin attirilabilmesi i¢in 6nemli bir faktoriin O6gretmenlerin
matematiksel yetkinliklere bilingli yaklagimi oldugu soylenebilir.

Yontem

Bu ¢alismanin yontemi, arastirmacilarin gercek yasam durumlarini simirli bir sistem veya siirecte
coklu bilgi kaynaklar1 kullanarak detayli ve derinlemesine inceledigi nitel arastirma yontemlerinden
durum calismasidir (Creswell, 2017). Bu kapsamda, ortaokul matematik Ogretmenlerinin LGS
matematik sorularinin ¢dziimlerinin matematiksel yetkinlik diizeyleri ve 6gretmenlerin ¢oziimlere
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yonelik yaptiklar: degerlendirmeler incelenmistir.
Katilimcilar

Calismaya, MoNE’ye bagl devlet (11 kisi) ve 6zel okullarda (2 kisi) ¢alisan 13 (7 Kadin, 6 Erkek)
ortaokul matematik 6gretmeni gontillii olarak katilmistir. Katilimcilarin tamamu 8. sinif matematik
derslerine girmektedir. Katilimcilar, matematik derslerinde 6nceki yillardaki LGS sorularini ¢6zerek
belirli soru tiplerine ve onlarin ¢oziim yontemlerine asina olduklarini ifade etmistir. Katilimcilara
alfabetik siraya gore K1, K2, ... K13 gibi takma isimler verilmistir. Katilimcilar arastirma siireci ve
amact konusunda kisaca bilgilendirilmis ve arastirmaya goniillii olarak katildiklarini beyan
etmiglerdir. Bu galismanin yiiriitiilmesi icin Mersin Universitesi Sosyal ve Beseri Bilimler Etik
Kurulundan 06/06/2022 toplant1 karar tarihli, 239 numaral: etik izin alinmstir.

Veri Toplama Siireci

Arastirmanin verileri 2021-2022 egitim-6gretim yilinin ikinci doneminde toplanmistir. Veri toplama
siirecinin birinci asamasinda, katiimcilardan 6ncelikle arastirmacilar tarafindan olusturulan Soru
Formunda Ek B’de yer alan 2020 yilina ait LGS sorularini ayrintili ¢gozmeleri istenmistir. Bu sorular,
8. sinif matematik 6gretim programinda yer alan alt1 tiniteden segilmistir ve her bir tiniteden ikiser
soru belirlenmistir. Arastirmacilar tarafindan toplamda 12 soru online olarak katilimcilara
gonderilmis ve katilimcilar da sorularin ¢dziimlerini online olarak arastirmacilara geri gondermistir.
Sorularin ¢oztim stiregleri her bir katihma igin ayr1 gerceklestirilmis olup siire smirlamasi
uygulanmamustir.

Ikinci asamada katilimclarin ¢oziimleri gdz oniinde bulundurularak yari yapilandirilmis
gortismeler yapilmustir. Soru ¢oztimlerinin ardindan her katilimar ile {ig ile yedi giin igerisinde
online olarak goriismeler gerceklestirilmistir. Goriisme stireleri 40 dakika ile 1 saat 30 dakika
arasinda degismistir. GoOrlismelere katilimcilar talep ettiginde onar dakika ara verilmistir.
Goriismelerde katilimcilarin izniyle ses kayitlar1 ve alan notlar1 alinmistir. Ses kayitlar1 Microsoft
Word programi araciligiyla metne doniistiiriilerek goriisme protokolleri olusturulmustur. Goriisme
sorular1 6gretmenlerin degerlendirmelerinin matematiksel yetkinliklerini belirlemeyi amaglayan
sorulardan olusmaktadir. Bu amagla Turner ve digerlerinin (2015) matematiksel yetkinlikler
tanimlarina uygun olarak alt1 soru sorulmustur. Bu sorular su sekildedir:

1. Sorular1 metinde yer alan ifadeler, talimatlar, gorevler, goriintiiler ve nesneleri okumak ve
yorumlamak agisindan degerlendirir misiniz?

2. Sorular1 ¢ozmek icin izlenilecek adimlari belirleme veya tasarlama ve bu adimlarin
uygulanmasini izlemek agisindan degerlendirir misiniz?

3. Sorulari matematik dis1 durumlari matematiksel olarak ifade etme (model) ve ilgili modelin
veya modellerin kullanimin1 agisindan degerlendirir misiniz?

4. Sorular1 ¢ozlim stirecinde verilen matematiksel temsilleri okuma (kodunu ¢6zme), temsiller
arasinda ceviri yapma ve bunlardan yararlanarak ¢dziim siirecini yonlendirmek agisindan
degerlendirir misiniz?

5. Sorular1 ¢ozlim siirecinde kullanilan matematiksel dili (sembolik dil ve aritmetik-cebirsel
islemler) uygulama agisindan degerlendirir misiniz?

6. Sorulari ¢oziim siirecinde yapilan mantiksal ¢ikarimlar yoniinden degerlendirir misiniz?
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Bununla beraber farkli ¢oziim yontemlerinin kullamilmasindan yola c¢ikilarak strateji secimi
yaptigini belirten katilimcilara strateji se¢imini etkileyen faktorler, sembolleri, islemleri ve resmi dili
kullanma yetkinligi baglaminda prosediirleri uygularken yaptiklar: tercihleri etkileyen faktorler ve
miifredat dig1 islemsel bir prosediir kullandiklar1 durumlarda derslerinde bu prosediirlere yer verip
vermedikleri ve nedenlerine yonelik sorular yoneltilmistir.

Veri Analizi

Bu arastirmanin verileri, soru formunda yer alan sorularin katihmcilar tarafindan yapilan ¢oziimleri
ve katilimcilar ile gerceklestirilen goriismelerden elde edilmistir. Ilk olarak, 13 katilimcinin ¢oziim
yontemleri benzerliklerine gore gruplandirilmis ve bu ¢oziim yontemleri Ek A’da yer alan
matematiksel yetkinlikler diizeylerine gore analiz edilmistir. Kullanilan ¢6ziim yontemleri
belirlenirken strateji gelistirme, matematiklestirme, temsil, sembolleri, islemleri ve resmi dili
kullanma veya akil yiiriitme ve argiiman gelistirme yetkinliklerinden bir ya da birkagin1 farkl bir
sekilde kullanma durumu ele alinmistir. Soru formunda yer alan 12 sorudan altist her {initeden birer
tane olacak sekilde katilimcilarin uyguladiklar: ¢oziimler dogrultusunda belirlenmis ve ¢alisma
kapsaminda bu alt1 soru incelenmistir.

Coziimlerin incelenmesinin ardindan, katiimcilarla gerceklestirilen gortismeler Microsoft Word
programi kullanilarak her katilimar i¢in diizenlenmistir. Bu kapsamda, katilimcilarin ciimleleri igin
icerik analizi yapilmistir. Her bir soru i¢in katilimcilarin ctimleleri Ozgeldi ve Aydm’mn (2021)
olusturduklari diizeylere gore incelenmistir. Ornegin soru formunda yer alan 2. soru igin uygulanan
¢Ozlim yontemlerinden birinin strateji gelistirme yetkinligi baglaminda analizi su sekildedir:

Sekil 1.

Ikinci Soru Igin Gergeklestirilen Coziim Ornegi

Gazom: 51 .
‘E,ur#u LT, T TP ™ T ! : = — 5
W / Kirmizi } 5 IO 5
Alone 55
5% cm
E Alan = 5? cm

Coztim yoOnteminde sekilde verilen dikdortgenlerin es oldugu bilgisi kullanilarak kirmizi
dikdortgenlerden birinin yeri degistirilmistir. Elde edilen sekilde kenar uzunluklari arasindaki kat
iligkileri kullanilarak istenen alanin sekildeki karenin alanina orani belirlenmistir. Daha sonra
sekildeki karenin alaninin hesaplanmasi gerektigi ve ardindan istenen bolgenin alanini bulmak igin
bulunan orandan faydalanilarak bolme islemi yapilmasi gerektigi tasarlanmustir. Gelistirilen
stratejinin diizeylerine gore degerlendirildiginde strateji kullanmanin ¢dziime yonelik stratejinin
uygulanmasinda 6nemli 6l¢iide iistbilissel diisiinme igeren ¢ok asamali bir strateji tasarlama ifadesi
kapsaminda ele almarak strateji gelistirme yetkinliginin 3. diizeyinde oldugu belirlenmistir.

Katilimcilarin goriismelerde matematiksel yetkinlik talepleri dogrultusunda analizine 6rnek olarak
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yine ayni soruyu verilen ¢oziim yontemini kullanan katilimcilardan biri olan K10'un ifadeleri
verilmigtir:

Bu, stratejisi yiiksek bir soru. Zaten o stratejiyi yakalamazsaniz, ¢6ziimii de ¢ok zorlasir. O stratejiyi
zor kilan sey, alan tasiyor olmasi. Yani dikdortgeni tasimak. Tasidiktan sonra iki adim sadece tiim

alani bul oranla. Eger dikdortgeni tasimazsa kisinin iginden ¢ikmasi ¢ok zor.

Bu ifadede K10'un ¢6ziim yonteminin adimlarmi agiklamakla birlikte {isttbiligsel stiregleri
kullandigini da ifade ettigi alt1 ¢izili climlelerde goriilmektedir. Bu durumda, sorunun farkli bir
¢ozlim yontemiyle ele almabilecegi, ancak kullanilan yontemin, katilimcinin strateji gelistirme
yetkinligi ile uyumlu degerlendirmelerini etkinlestirdigi ve K10'un ifadelerini 3. diizeyde
olusturdugu belirtilebilir.

Ogretmenlerin ¢dziim yontemleri arastirmacilar tarafindan matematiksel yetkinlik talepleri
gercevesine gore oncelikle bireysel olarak kodlanmistir. Calismanin dis giivenirligini artirmak igin
kodlayicilar aras1 giivenirlik %95 olarak hesaplanmis (Miles ve Huberman, 1994), ardindan her iki
arastirmaci bir araya gelerek ¢6ziim yontemlerinin matematiksel yetkinlik diizeyleri i¢in tam bir
fikir birligine ulasmistir. Bununla birlikte arastirmacilar her bir soru igin Ogretmenlerin
degerlendirmelerini  benzer  sekilde Oncelikle bireysel kodlamiglardir.  Kodlamalar
karsilastirlldiginda uyum oraninin %90 oldugu goriilmiistiir. Arastirmacilar arasindaki farkli
kodlamalar {izerinde tekrar tartisilmis ve tam bir fikir birligine ulasilincaya kadar siire¢ devam
etmistir. Calismanin i¢ giivenirligi i¢in bulgularda Ogretmenlerin dogrudan alintilarma yer
verilmistir. Calismanin i¢ gegerliligini artirmak icin de aragtirmaya katilan 6gretmenlerin kimlikleri
hakkinda herhangi bir bilgi paylasilmayacag: ifade edilmistir.

Bulgular

Bu bdliimde, ortaokul matematik 6gretmenlerinin ¢6ziim yontemleri ve bu ¢oziimler kapsaminda
yaptiklar1 degerlendirmeler matematiksel yetkinlik diizeylerine gore incelenmistir. Tablo 1'de
ogretmenlerin ¢oziim yontemleri kapsaminda alti sorunun matematiksel yetkinlik diizeyleri
gosterilmektedir. Tablo 1’de koyu renkli tarali hiicreler arastirmacilar tarafindan belirlenen
diizeyleri belirtirken hiicre igindeki sayilar 6gretmenlerin sayisini gostermektedir. Bu boliimde
ayrica alt1 sorunun genel degerlendirmesinin ardindan bir soru igin 6gretmenlerin ¢oziimleri ve
goriismelerde yapilan degerlendirmeler ayrintili olarak ele alinmustr.
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Tablo 1

Goziim yontemleri kapsaminda sorularin matematiksel yetkinlik diizeylerini degerlendiren Ggretmenlerin
stklig

Diizey Iy SY MY TY SR AY

1. Soru 0
1. Yontem

1

2

3

1. Soru 0
2. Yontem

1

2

3

1. Soru 0
3. Yontem

1

2

3

2. Soru 0
1. Yontem

1

2

3

2. Soru 0
2. Yontem

1

2

3

2. Soru 0
3. Yontem

1

2

3

3. Soru 0
1. Yontem

1

2

3

4. Soru 0
1. Yontem

1

2

3

4. Soru 0
2. Yontem

1

2

3

4. Soru 0
3. Yontem

—_
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2 - 2 2 1 1
3 1 - - 1 2 -

5. Soru
1. YOontem 0 ) ) 1 6 6 i

1 2 1 5 - -

2 4 5 - - - 6
3 - - _ - - -

5. Soru
2. Yontem 0 ) 1 ) 4 4 2
1 1 3 7 - - 2
2 5 3 - - - 3
3 1 - - - - -
6. Soru 1. Yontem 0 3 1 1 12 3 -
1 5 - 2 - 6 9
2 3 6 9 - 3 3
3 1 5 - - - -

6. Soru
2. Yontem 0 ) 1 1 1 1 1
1 _ _ - - - _
2 - - - - - -
3 1 - - - - -

Not. 1Y: Iletisim Yetkinligi, SY: Strateji Gelistirme Yetkinligi, MY: Matematiklestime Yetkinligi, TY: Temsil
Yetkinligi, SR: Sembolleri Islemleri ve Resmi Dili Kullanma Yetkinligi, AY: Akil Yiiriitme ve Argiiman
Gelistirme Yetkinligi

Tablo 1’e gore 6gretmenlerin sorularin ¢dziimlerinde farkli ¢éziimler uyguladiklar: ve bu ¢éziimler
kapsaminda matematiksel yetkinliklerin farkli diizeylerde ortaya ¢ktig1 goriilmektedir.
Ogretmenler alt1 sorunun besinde birden fazla ¢6ziim yontemi gelistirmistir. Ogretmenler 1., 2. ve
3. sorular icin ise ti¢ farkli ¢oziim yOntemi gelistirmistir. Genel olarak ¢oziimlerin belirlenen
diizeyleri goz Oniinde bulunduruldugunda, 6gretmenlerin degerlendirmelerine gore iletisim
yetkinligi diginda diger yetkinliklerin belirlenen seviyeleri benzerdir. Ogretmenlerin sorulari,
iletisim yetkinligi baglaminda degerlendirirken diger tiim yetkinliklere gore daha diisiik diizeyde
ele aldiklar1 goriilmektedir. Tablo 1'de de goriildiigii tizere, ali LGS matematik sorusunun
arastirmacilar tarafindan belirlenen (koyu renkle gosterilen hiicreler) iletisim yetkinligi yiiksek (2.
veya 3. diizey) diizeydedir. Ogretmenlerin sorular1 ¢dzerken sorun yasamadiklari gz oniine
alindiginda degerlendirmelerinde kullandiklar: ifadelere bakildiginda iletisim yetkinliginin yapici
bileseninin talep diizeyini karsilamada diisiik diizeyde kaldiklar1 soylenebilir. Ogretmenlerin
degerlendirmelerinde siklikla sorularin kolay, acik ve net oldugunu ifade ettikleri goriilmiistiir.

Strateji gelistirme yetkinligi igin sorularmn diizeyi yiiksek olarak belirlenmistir (2. veya 3. diizey).
Tablo 1'de de goriildiigii iizere bu diizeyler, Ogretmenlerin strateji gelistirme yetkinligi
baglamindaki degerlendirmelerinde ortaya ¢ikan diizeyler ile benzerdir. Bununla beraber strateji
gelistirme yetkinligini diisiik diizeyde degerlendiren katilimcilarin sorulara daha yiizeysel
yaklastiklar1 ve goriismelerde sorularin amacini begenmedikleri, bunlarin kolay oldugunu veya
tinite kazanimlarmi olgmedigini belirttikleri gortilmiigtiir. Ayrica bu oOgretmenler sorularin
¢oztimlerinde, iki bilinmeyenli denklem sistemleri ve cebirsel ifadeler ile bélme islemi gibi 8. siuf
ogrencilerinin seviyelerine uygun olmayan matematiksel islemler ve prosediirler kullanmistir.

Matematiklestirme yetkinligi igin sorularin diizeyleri c¢ogunlukla yiiksek diizey olarak
belirlenmistir. Tablo 1'de goriildiigli tizere, Ogretmenlerin matematiklestirme yetkinligi
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baglamindaki degerlendirmeleri de yiiksek diizeydedir. Bununla beraber matematiklestirme
yetkinligini daha diisiik diizeyde ele alan Ogretmenlerin oldugu goriilmiistiir. Bu dgretmenler
‘kullanilan degiskenin verilmis olmasi veya tanimlanmasini’ matematiklestirme yetkinligi
kapsaminda ele alirken ‘bagimli degiskenlerin bagimsiz degisken cinsinden yazilmasi veya
modellerin farkli degiskenler i¢in yorumlanmasini” matematiklestirme yetkinligi kapsaminda ele
almamustir.

Temsil yetkinligi igin 1., 2. ve 4. sorularin diizeyleri yiiksektir. Ornegin, 1. soruda temsil {izerinde
yapilan degisiklikler strateji, matematiklestirme ve sembolleri, islemleri ve resmi dili kullanma
yetkinliklerinin seviyesini yorumlamada énemli olmustur. Bu soruda, 6gretmenler temsil {istiinde
yaptiklar1 degisikliklere bagli olarak stratejilerini degistirmislerdir. Dolayisiyla sorudaki temsilin
yorumlanmasma bagli olarak strateji kullanma yetkinliginin yorumlanmas: da degismistir. 4.
soruda ise iki farkli grafikten edinilen bilgilerin birlikte degerlendirilmesi gerektiginden temsil
yetkinliginin diizeyi yiiksektir. Bu soruda da Ogretmenler ¢oziim siirecinde iki degisken
kullandiklar1 i¢in sembolleri, islemleri ve resmi dili kullanma yetkinliginin yorumlanmasi da
degismistir. Ogretmenlerin bu sorunun ¢oziimde 8. sinif diizeyinde gosterilmeyen bir konuya
girmis olmalar ise dikkat gekici bir bulgu olarak degerlendirilmistir.

Sembolleri, igslemleri ve resmi dili kullanma yetkinligi i¢in sorularin diizeyleri ve dgretmenlerin
degerlendirmeleri yiiksek diizeydedir. Ornegin, 2. soruda katilimcilar ¢éziim siirecinin adimlarini
uygulamadan once bir cebirsel ifade olan ortak carparu fark ettiklerini belirtmis ve tiim islemsel
stireci ortak carpan parantezinde yaparak islemsel yiikii azaltmayr hedeflediklerini ifade
etmislerdir. Sembolleri, islemleri ve resmi dili kullanma yetkinliginde talep diizeyi arttikca
kullanilan iglem sayis, tiirii ve prosediirlerin artmasinin her durumda gerekli olmadig1 bu ¢6ziim
yontemleriyle goriilmiistiir.

Akil yiiriitme ve argliman gelistirme yetkinligi i¢in 5. ve 6. soru haricinde sorularin diizeyleri
diistiktiir. Disiik seviyeli olan sorularmn ¢éziim siirecinde herhangi bir ¢ikarim yapilmamis veya
verilen bilgilerden dogrudan g¢ikarim yapilmistir. Ogretmenlerden iigiiniin ¢dziim siirecinde
kullanilan matematiksel ¢ikarimlar1 belirleyemedikleri ve ¢ogunlugunun degerlendirmelerinde
daha diisiik talep diizeyinde ele aldiklar1 goriilmiistiir. Bu degerlendirmelerde ¢oziim siirecinde
ylriitiilen ¢ikarimlar: sozel olarak ifade etmek yerine verilen kisitlamalar dahilinde degerler atayan
ogretmenlerin yaptiklar1 ¢ikarimlar: ve kanit gostermelerini akil yiiriitme ve argiiman gelistirme
yetkinligi kapsaminda ele almadiklari goriilmektedir. Ornegin, 6. soruda 6gretmenlerin birkact bu
soru icin ‘hangi amaca hizmet ettigi belli olmayan bir soru” olarak degerlendirirken digerleri
‘matematiksel muhakeme yapmay1 gerektiriyor’ ifadesinde bulunmustur. Bu noktada, yapilan
arasinda en ¢ok uyusmazlik olusturan yetkinlik olarak degerlendirilebilir. Bununla beraber,
ogretmenler ¢oziim siirecinde strateji gelistirme, matematiklestirme, sembolleri, islemleri ve resmi
dili kullanma yetkinlikleri kapsaminda ele alinmis olan gesitli adimlar1 matematiksel ¢ikarim olarak
da degerlendirmistir.

Ornek Sorunun Incelenmesi: Ogretmen Coéziimleri ve Degerlendirmeleri

4. soruda Ogretmenlerin soruyu ¢ozmek kullandiklari yontemler ve degerlendirmeler ayrintih
olarak incelenmistir. Problemin ¢6ziimii igin ti¢ farkli yontem kullanilmistir. Bunlardan ilki dokuz
katilimai tarafindan kullanilmus olup ikincisi iki, tiglinctisii iki katilimer tarafindan kullanilmistir. Uc
¢Oziim yontemi matematiksel yetkinlikler cercevesinde incelendiginde yetkinliklerin diizeylerinin
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birbirinden strateji gelistirme ve sembolleri, islemleri ve resmi dili kullanma yetkinligi baglaminda
farkli diizeylerde yer aldigi goriilmiistiir. Problemin ¢oziimii i¢in kullanilan ¢ farkli ¢6ziim
yontemi Sekil 1’de gosterilmistir.

Sekil 2.

Ogretmenlerin Coziimleri

1. Coziim Yontemi

Bir elektronik esya magazasinda 2019 ve 2020 yilannda satilan K, L ve M marka televizyon sayilannin dagiim:
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Tletisim Yetkinligi

Sorunun iletisim diizeyi mantiksal olarak karmasik iligkiler iceren ¢oklu baglam veya gorev
Ogelerini ve bunlar arasindaki baglantilar1 belirleme, se¢gme ve anlamay1 gerektirdiginden 3. diizey
olarak belirlenmesine ragmen Ogretmenlerin degerlendirmeleri incelendiginde, iletisim
yetkinliginin genel olarak diisiik oldugu goriilmektedir. Ogretmenlerden K10 “Evet kolay. Gayet
giizel anlagihiyor. Bilgi anlamlandirilabiliyor. Bence sorunun, iletisimi gayet giizel. Anlagilmasi
kolay. Kolay bir soru bence” ifadesiyle sorunun kolay ve anlasilabilir oldugunu vurgusunu
yapmaktadir. Benzer sekilde K8 “Yukarida verilen ifadeler tamamen neyi istedigini
sOyliiyor.. .Ogrenci burada yine parca biitiin iligkisini kullanir. Daha zor bir ac1 verseydi 6grenci igin
bence yorumlamasi da zor olabilirdi” seklinde ifade etmistir. Diger yandan K11 yaptig1
degerlendirmede Ogrencilerin de kendisi gibi soruyu anlamada karmasa yasayabilecegini
sOylemistir:

Simdi burada sey 6grenciler gercekten karmasa yasiyorlar ben de 6gretmen olarak ayni karmasay1
yastyordum. En son artik bu 360x'e gore, 360y'ye gore davranmaya bagladiktan sonra bu sorulari
¢Ozebilir hale gelir. $imdi baktiginda gorselde L'de degismis ama ikisinde de 90 ° goriiniiyor ya.
Ama azalma var diyor sayisal anlamda. Orada da orantisal akil yiiriitmesinin ciddi anlamda
yiiksek olmasi lazim ki burada dilimlerin degismesiyle sayilarin ayni seyi ifade etmedigini artis ve
azalislarin da degiskenlik gosterebilecegini 6grencinin sezmesi lazim.

Strateji Gelistirme Yetkinligi

Sekil 1'de, 1. ¢oziim yontemi stratejiler arasinda degerlendirme yapmay: gerektirdiginden strateji
gelistirme yetkinligi 3. diizey; 2. ve 3. ¢6zlim yontemi ise dogrudan ¢ok asamali strateji gelistirmeyi
gerektirdiginden 2. diizey olarak belirlenmistir. 1. ¢6ztim yontemini kullanan K6 sorunun ¢6ztimii
i¢in sunlar1 sOylemistir:

Simdi hig gercek deger vermedikleri igin gergek bir sayisal bir deger yok. O yiizden direkt ilk
akillarina buradan iki grafikten birinde belli bir oran verme, bir kat vermek geregi gerekir. Bunu
¢ok giizel yapiyorlar aslinda. Yani ilk boliime eger boyle benimki gibi 3 kat, 4 kat, 5 kat verirlerse
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bu birinci adim diyeyim. Sonra bunu L'ye tasiy1p oradaki 25 eksigiyle 40 fazlasini gormesi lazim
ikinci adim. Orada M ile L'nin birbirinin 2 kat: oldugunu gérmesi lazim {i¢iincii adim. U¢ adimda
yaparlarsa bir de bulduklar1 degeri birinci grafige tekrar tasimalar1 lazim.

K6 yaptig1 yorumda ¢ok asamali strateji kullanmustir. Bu stratejide kontrollii islemler birinci grafikte
daire dilimlerine karsilik gelen oranlari yazma ve artis azalislar1 kullanarak diger grafige gegis
yapmay tasarladigi boliimde goriilmektedir. Tkinci grafikte verilen dilimler arasindaki oram
kullanmak ayni stratejiyi tekrar kullanmay1 gerektirmektedir. Tiim bu islemleri yaparken hedefi
birinci grafikte degisken olarak tanimladig1 orant: sabitini bulmaya ¢aligmistir.

Matematiklestirme Yetkinligi

Kullanilan {i¢ ¢6ziim yontemi degiskenlerin tanimlanmas: ve kisitlamalar dahilinde matematiksel
modeller olusturulmasi, farkli modellerin birbirine baglanarak denklem olusturma igerdiginden 3.
diizey matematiklestirme yetkinligi etkinlestirmeyi gerektirmektedir. K7 “Ac¢ degerlerinin
matematiksel olarak, cebirsel olarak ifade edilisi var. A¢1 degerleri ile cebirsel ifadeler arasindaki
oran yani ¢oziim yontemi olarak baktigimizda bir oran var. Daha sonra iste bu aralarindaki iligki
birbirine esit ifadeleri bulma ve sonugta da denklemi yazma var.” degerlendirmesiyle degiskeni
tanimlamak icin daire grafigindeki acilar ile orantili cebirsel ifadeler icin bir modeller arasindaki
iliskiyi gormenin oneminden bahsetmistir. K7'nin degiskeni orantisal olarak tanimladigi, farkh
modelleri bagladig1 ve karsilastirdigr sdylenebilir. Bu yorumlar matematiklestirmenin 3. diizeyini
isaret etmektedir.

Temsil Yetkinligi

Sorunun ¢oziimiinde uygulanan ii¢ yontemde ¢oklu karmasik temsillerin anlasilmasi, kullanilmasi,
karsilastirilmas: ve degerlendirilmesi gerekmektedir (3. diizey). Katilimcilarin ¢ogunlugu
aciklamalarinda (3. diizeyi isaret eden) c¢oklu karmasik temsillerini anlamanin, kullanmanin,
baglant: kurmanin veya temsilleri karsilastirmanin éneminden bahsetmistir. K13, K2, K3, K8 ve K9
aciklamalarinda grafikler arasindaki gegise vurgu yapmuis; fakat daire grafiginin okunmasma
yonelik yorum yapmamustir. K13'tin agiklamalar incelendiginde, temsiller arasinda gecis yapmaya
vurgu yaptigl (2. diizey) goriilmektedir: “Bir kere iki ayr1 grafik var. Grafikten grafige temsilden
bagka bir temsile gegis var. Sadece bir temsil yok. O yiizden temsil edilebilme agisindan karmasik
bir soru. O ytizden {iist diizey.”

Sembolleri Islemleri ve Resmi Dili Kullanma Yetkinligi

Katilmailarin  yaptiklar1 islemleri semboller, islemler ve resmi dili kullanma agisindan
yorumlamalar1 degerlendirildiginde on katilimcinin agiklamalar1 2. diizeye, ii¢ katilimcinin
agiklamalar1 3. diizeye karsilik gelmektedir. 1. ¢6ziim yonteminde degiskenler igeren birden ¢ok
bilesene sahip ifadeler kullanilmis, degistirilmis ve birden fazla prosediir birlikte kullanilarak
denklem kurulmus ve ¢oziilmiistiir (2. diizey). Bununla beraber 2. ve 3. ¢6ziim yontemde cesitli
kurallar, gercekleri ve teknikleri birlestirerek iki bilinmeyenli denklemler kurulmus ve ¢oziilmiistiir
(3. diizey). Ornegin K6 ifadesi su sekildedir:

Burada seyler acilar giizeldi. 90, 120, 150 ¢ok miisaitti yani. Buradan bir oran bulacak islemsel
kisminda. Ondan sonra cebirsel olarak kurgulayacak. Esitligi koyacak. Denklemi ¢tzecek ama
denklem ¢oziilmeyecek bir denklem degil. Basit bir denklem. Yani tabii ki 1, 2, iste 3 asamada
¢ozecek oranlayacak, cebirsele dokecek, denklemi ¢6zecek esitlik yapacak.

K6 sorunun ¢oziimiinde kullandig: cebirsel ifadeleri olustururken merkez agilarin ortak bolenlerini
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kullanmus, cebirsel ifadeler tizerinde degisimleri ifade etmistir. K6 birden ¢cok matematiksel kural ve
prosediirii beraber kullanmustir (2. diizey).

Akal Yiiriitme ve Argiiman Gelistirme Yetkinligi

Kullanilan ti¢ yontemde herhangi bir matematiksel ¢ikarim yapmaya gerek yoktur. Bu nedenle olup
akil yiiriitme ve argiiman gelistirme 0. diizeydedir. Bununla beraber katilimcilarin yorumlar:
degerlendirildiginde dort katilimci 0. diizeye, yedi katilimci 1. diizeye ve iki katilimcr da 2. diizeye
karsilik gelen agiklamalar yapmistir. Ornegin, K8 ¢6ziim siirecinde denklemi kurarken mantiksal
¢ikarimlarda bulundugunu ifade etmistir:

Oranlar ve birinci grafikten ikinci grafige degisimleri kullanarak denklemi yazdim. Ondan sonra
denklem ¢6zme kullandim. Agilarin orani etkiledi mantiksal ¢ikarimi onu sdyleyeyim. Yani sekil
tizerinde verilenler o agilara gore oranini yazmak. O yazdigim iste 90x, 120x gibi. $oyle belli bir
say1 yok. Biz deger veriyoruz. Bu mantiksal ¢ikarim. Tkisinde de L'nin agis1 90 ° oldugu icin ayni
birimi gosteriyor sanilabilir. Bu yapilan ¢ikarimi zorlastirtyor.

K8 satilan L marka televizyonlar1 ifade eden daire dilimlerinin her iki grafikte de esit verilmesinin
yapilan ¢ikarimi zorlastirdigini belirtmistir. Buna gore K8'in denklemi kurmak i¢in hem her iki
grafikteki merkez acilarin oranlarmni, hem de K ve L marka televizyonlarin artis ve azalis
miktarlarini kullandig goriilmektedir.

Tartisma

Bu calismada matematik 6gretmenlerinin beceri temelli sorularin ¢dziimlerinde farkli ¢oziimler
uyguladiklar1 ve bu ¢6ziimlerin matematiksel yetkinlik diizeylerinin farkli olabilecegi goriilmiistiir.
Bu ¢oziim yontemlerinde sorularin ¢oziimlerinin belirlenen diizeyleri ve &gretmenlerin
degerlendirmelerine gore iletisim yetkinligi disinda diger yetkinliklerin belirlenen seviyeleri
benzerdir. Bu sonug, Turner ve digerlerinin (2015) ayni sorunun farkli ¢éziim yontemlerinin farkl
diizeylerde etkinlestirme gerektirebilecegi sonucuyla paralellik gostermektedir. Bu kapsamda soru
¢oziimlerinde en Onemli faktorlerden biri, 6grencilerin bilgi diizeyine uygun olan ¢6ziim
yontemlerinin belirlenmesidir. Bu nedenle beceri temelli sorularin ¢oziimlerinde 6grenci bilgi ve
seviyesini goz oniinde bulundurmak, farkli ¢6ziim yontemlerine gore matematiksel yetkinlikleri
yorumlamak onemlidir. Alanyazinda matematik sorularmin incelendigi ¢alismalar incelendiginde,
ornegin Ozgeldi ve Aydin (2021), matematik ders kitaplarindaki sorularin verilen tek bir ¢dziimiine
gore yapilan matematiksel yetkinlik seviyelerinin analizi i¢in farkli ¢6ziim yontemlerinin goz
ontinde bulundurulmas1 matematiksel yetkinlikleri anlamak ve yorumlamak agisindan énemli bir
bulgu olarak ortaya ¢ikmaktadir.

Bu arastirmada kullanilan beceri temelli matematik sorularinin iletisim yetkinliginin yiiksek
diizeyde oldugu goriilmiistiir. Bununla beraber katilimcilarin sorulari iletisim yetkinligi
baglaminda degerlendirirken diger tiim yetkinliklere gore iletisimi daha diisiik diizeyde ele
aldiklar1 goriilmektedir. Ogretmenlerin degerlendirmelerinde sikhikla sorularin anlagilmasinin
kolay, acgik ve net oldugunu ifade ettikleri ve problem durumunda kullanilan baglantilar1 ifade
edemedikleri goriilmiistiir. Aragtirmalar Ogretmenler igin bir soruyu veya bir gorevi
degerlendirmenin farkhi zorluklar igerdigini gostermektedir (6rn., Arbaugh ve Brown, 2005). Bu
zorluklardan biri PISA matematik sorulari gibi yiiksek biligsel istemleri kullanmay1 gerektiren
sorularda 6gretmenlerin bu tiir sorular i¢in kolay-zor gibi degerlendirmeler yapmalaridir (Pettersen
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ve Nordvedt, 2018). Bu baglamda, matematiksel yetkinlik diizeyi yiiksek beceri temelli sorularin
ogretmenler tarafindan degerlendirmelerinde de benzer bir sonug elde edildigi sdylenebilir.

Strateji gelistirme yetkinligi i¢in arastirmada kullanilan sorularin ¢oziimlerinin diizeyi yiiksektir. Bu
diizeyler, 6gretmenlerin bu yetkinlik baglamindaki degerlendirmelerinde ortaya ¢ikan diizeyler ile
benzerdir. Stratejiler arasinda se¢im yapma eyleminin gergeklestirilmesinde dnemli etken olarak
¢Ozlim siirecinde sembolleri, islemleri ve resmi dili kullanma yetkinligi 6ne ¢ikmaktadir. Stratejiler
arasinda se¢im yapan O0gretmenler ¢oziim siirecinin devaminda kullanilacak islemlerin sayis1 ve
diizeyini goz oOniine alarak se¢im yaptiklarmi belirtmistir. Bununla beraber strateji gelistirme
yetkinliginde daha diisiik talep diizeyine sahip ¢6ziim siireci gerceklestiginde, matematiklestirme
ve sembolleri, islemleri ve resmi dili kullanma yetkinligine olan talep daha yiiksek diizeydedir.
Turner ve digerleri (2015) geleneksel matematik egitiminde matematiklestirme ve sembolleri,
islemleri ve resmi dili kullanma yetkinliginin 6n planda tutuldugu egitim faaliyetleri
yurtitildiigiinti ifade etmektedir. Bu kapsamda, matematik Ggretmenlerinin strateji gelistirme
baglamimda yaptiklar1 degerlendirmeler Ozellikle ¢oziim siirecinde kullanilan semboller ve
islemlerle degerlendirilmekte ve matematiksel yetkinligin diizeyini belirlemede 6nemli bir etken
olarak ortaya cikmaktadir. Bununla beraber bu calismada strateji kullanma yetkinliginin diigtik
talep diizeyinde kalinan durumlarda iki bilinmeyenli denklem sistemleri ve cebirsel ifadeler ile
bolme islemi gibi 8. siif 6grencilerinin seviyelerine uygun olmayan matematiksel islemler ve
prosediirler kullanildig1 goriilmiistiir. Bu durum matematik 6gretim programinda 2018 yapilan
degisikliklerin 0gretmenler tarafindan Ogretme faaliyetlerine amaglandig1 gibi yansitilmadigini
ortaya koymaktadir. Bu bakimdan, 6gretmenlerin 6gretim programinda yer almayan islemsel
prosediirlere yer vermesi ise diisiindiiriiciidiir. Ogretim programlarinda yapilan degisikliklerin
amaglarmnin 6grenme ve 6gretme faaliyetlerine yansimadig1 ve semboller ve formalizm yetkinliginin
on planda tutulmaya devam edildigi sonucu Boesen ve digerleri (2014), Adlef ve digerleri (2023) ve
Niss ve digerlerinin (2016) calismalarinin sonuglar: ile de ortaya konulmustur. Bu sonug,
ogretmenlerin derslerinde sembolleri, islemleri ve resmi dili kullanma yetkinligini strateji gelistirme
yetkinligine gore on planda tuttuklar: ve 6zellikle 6nceki matematik 6gretim programlarinda yer
alan igslemleri kullanmaya ve anlatmaya devam ettikleri seklinde degerlendirilebilir.

Matematiklestirme yetkinligini gelistirmek gercek hayat problemlerini kapsamli bigimde
kullanmay1 gerektirir (Turner ve Adams, 2012). Matematiklestirme yetkinligi ¢6ziimlerde 1., 2. ve 3.
talep diizeylerinde etkinlestirilmis olup ¢cogunlukla yiiksek diizeyde etkinlestirme gerektirmektedir.
Ogretmenler ¢oziimlerini matematiklestirme yetkinligi baglaminda degerlendirirken ¢ogunlukla
etkinlestirilen talep diizeyine uygun eylemleri ifade etmislerdir. Bununla beraber bir¢ok soruda
matematiklestirme yetkinligini daha diisiik diizeyde ele alan 6gretmenlerin oldugu goriilmiistiir.
Bu Ogretmenler ¢oziim siirecinde kullanilan degiskenin degerlendirilmesini matematiklestirme
yetkinligi kapsaminda ele alirken ‘bagimli degiskenlerin bagimsiz degisken cinsinden yazilmasi
veya modellerin farkli degiskenler icin yorumlanmasini’ (Fakhrunisa ve Hasanah, 2020)
matematiklestirme yetkinligi kapsaminda ele almadig1 goriilmiistiir. Bu baglamda, 6gretmenlerin
matematiklestirme yetkinliginin talep diizeyine uygun olan modellemeler olusturabildikleri; fakat
degiskenler = arasindaki  yapisal iligkileri =~ matematiklestirme  yetkinligi = dahilinde
degerlendirmedikleri durumlar oldugu sdylenebilir.

Temsil yetkinligi ig¢in sorularin ¢oziimlerinin yiliksek diizeyde oldugu, bununla beraber
O0gretmenlerin de bu yetkinligi degerlendirmelerinde yiiksek diizeyde ele aldiklar1 goriilmektedir.
Temsil yetkinligi kapsaminda en dikkat ¢eken nokta, 6gretmenlerin ¢ogunun gorsel bilgileri
belirleyip kullanmalari, ancak temsilleri ¢6ziime uygun sekilde manipiile etmekte az sayida
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Ogretmenin basarili olmasidir. Sorular iistlinden yapilan degisiklikler strateji yetkinligini,
matematiklestirme ve sembolleri, islemleri ve resmi dili kullanma yetkinliklerini etkiledigi
sdylenebilir. Ornegin soruda kullanilan gérselin iistiinde yapilan cizimler ve degisiklikler 6zellikle
strateji gelistirme yetkinligini dogrudan etkilemektedir. Turner ve Adams (2012) 6gretmenlerin
ogrencileri sorularda yer alan temsilleri kullanmaya tesvik etmeleri ve 6grencilere temsili manipiile
etme firsat1 yaratmalar1 gerektiginin 6neminden bahsetmistir. Bu baglamda, 6gretmenlerin temsiller
tistlinde yaptiklar1 bu degisiklikler beceri temelli sorularin ¢dziimiinde dnemli bir isleve sahip
olmakla beraber temsil yetkinliginin gelistirilmesi baglaminda énemli bir yere sahiptir.

Sembolleri, islemleri ve resmi dili kullanma yetkinligi ¢6ziim siirecinde etkinlestirilen talep
diizeylerine uygun bicimde degerlendirilmistir. Bununla beraber bazi katilimcilarin 6gretim
programinda olmayan islemsel prosediirleri kullandiklar1 ve bunlari derslerinde ele aldiklarini ifade
etmeleri dikkat cekmektedir. Niss ve Hojgaard (2019) herhangi bir yetkinligin etkinlestirilebilmesi
icin prosediirel bilgilerin az da olsa kullanilmas: gerektigini ve bununla birlikte bir yetkinlige sahip
olmanin prosediirel beceriye sahip olmaktan daha kapsamli oldugunu ifade etmislerdir. Ahl ve
Helenius (2023) sembolleri, islemleri ve resmi dili kullanma yetkinliginin kavramsallagtirma ve
anlam olusturma ile iligkili oldugunu belirtmektedir. Bu ¢alismanin diger bir sonucu sembolleri,
islemleri ve resmi dili kullanma yetkinliginin 3. Talep diizeyinde yer alan cebirsel ifadelerle esnek
calisma diger bir deyisle bir cebirsel ifadenin gerceklestirilecek islemler i¢in en uygun olan
formunun kullamilmasi igin i¢ gorii kullanma eyleminin tiim katimclar tarafindan
gerceklestirilmedigidir. Arastirmada kullanilan 2. Sorunun wuygulanan ¢6ziimlerinde bes
katilmcmin cebirsel ifadelerle esnek calisma eylemini gerceklestirmeyerek 2. Talep diizeyinde
islemler yaptig1 goriilmiistiir. Bununla beraber sembolleri, islemleri ve resmi dili kullanma
yetkinligini 3. Diizeyde etkinlestiren katilimcilar uygun cebirsel ifade formunu belirlemek icin i¢
gorii kullandiklarmi belirten ifadelere goriismelerde yer vermislerdir. Bu katilimcilarin ¢éziim
stirecinin adimlarin1 uygulamadan Once bir cebirsel ifade olan ortak carpani fark ettiklerini
belirttikleri ve tiim iglemsel siireci ortak carpan parantezinde yaparak islemsel yiikii azaltmay1
hedeflediklerini ifade ettikleri goriilmektedir. Sembolleri, islemleri ve resmi dili kullanma
yetkinliginde talep diizeyi arttikca kullanilan islem sayisi, tiirii ve prosediirlerin artmasmin her
durumda dogru olmadig bu ¢oziim yontemleriyle goriilmiistiir. Sembolleri, islemleri ve resmi dili
kullanma yetkinliginin en ytiksek talep diizeyinde i¢ gorii kullanmak eylemi ile biligsel siirecin bu
yetkinlik i¢in 6nemi ifade edilmektedir (Turner ve digerleri, 2015).

Akil yiiriitme ve argiiman gelistirme yetkinligi sorularin ¢dziimlerinde diisiik diizeydedir. Sorularin
dordiiniin ¢oziim siirecinde herhangi bir ¢ikarim kullanilmamis veya verilen bilgilerden dogrudan
¢ikarim yapilmstir. C)gretmenlerin genellikle ¢oziim siirecinde kullanilan matematiksel ¢ikarimlar:
belirleyemedikleri ve g¢ogunlugunun degerlendirmelerinde daha diisiik talep diizeyinde ele
aldiklar1 goriilmiistiir. Bu degerlendirmelerde ¢oziim siirecinde ytiriitiilen ¢ikarimlar s6zel olarak
ifade etmek yerine verilen kisitlamalar dahilinde degerler atayan Ogretmenlerin yaptiklar
cikarimlari ve kanit gostermelerini akil yiiriitme ve argiiman gelistirme yetkinligi kapsaminda ele
almadiklar1 goriilmektedir. Bununla beraber akil yiiriitme ve argiiman gelistirme yetkinliginin
yliksek diizeyde etkinlestirildigi altinct soru birkag katilimer tarafindan hangi amaca hizmet ettigi
belli olmayan bir soru oldugu soylenilerek begenilmezken diger katiimcilarin matematiksel
muhakeme yapmay1 gerektiriyor diyerek begendigini ifade ettikleri bir soru olmustur. Bununla
beraber akil yiiriitme ve argiiman gelistirme yetkinliginin 0. diizeyde etkinlestirme gerektirdigi
yedinci sorunun ¢oziimiinii degerlendiren dokuz 6gretmen ¢oziim siirecinde strateji gelistirme,
matematiklestirme, sembolleri, islemleri ve resmi dili kullanma yetkinlikleri kapsaminda ele alinmis
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olan gesitli adimlar1 matematiksel ¢ikarim olarak da degerlendirmistir. Bu baglamda sorunun diger
bes yetkinlik icin yiiksek talep diizeylerinde etkinlestirme gerektirmesinin etkili oldugu
diistiniilmektedir. Bununla beraber sorunun ¢6ztim siirecinde biligsel siireglerin etkisinin ytiksek
olmasindan yola cikarak akil yiiriitme ve argiiman gelistirme yetkinliginin tiim biligsel siiregleri
kapsadigina dair bir yanls algiya sahip olduklar1 soylenebilir. Akil yiiriitme ve argiiman gelistirme
yetkinligine dair bulunan bu iki sonug beraber ele alindiginda 6gretmenlerin ayirt etmekte en ¢ok
zorlandiklar1 ve Ogretmen goriislerinin birbirleriyle en farkhilastig1 yetkinligin akil yiiriitme ve
argiiman gelistirme oldugu soOylenebilir. Pettersen ve Nortvedt (2018) 6gretmenlerin sorular:
matematiksel yetkinlikler cergevesinde analiz ettikleri ¢alismalarinda en diisiik gilivenirlik
sonuglarinin akil yiiriitme ve argiiman gelistirme yetkinligi i¢in bulundugunu belirtmistir. Bununla
beraber ogrencilerin fikirlerini hem konusarak hem de yazarak ifade etmesi ve bagkalarinin
matematiksel fikirleriyle ilgilenme ve dikkate alma firsatlarmin sunulmasi akil yiiriitme ve argiiman
gelistirme yetkinliginin gelistirilmesi i¢in onemli goriilmektedir (Turner ve Adams, 2012). Akil
ylriitme ve argliman gelistirme yetkinligini yiiksek diizeyde etkinlestirmeyi gerektiren eylemleri
ogretmenlerin belirlemekte zorlanmasi 6grencilere akil yiiriitme ve argiiman gelistirme yetkinligini
gelistirmeye yonelik firsatlar sunmay1 hedefleyen Ogretim faaliyetlerini bilingli sekilde
gerceklestirmedikleri olarak yorumlanabilir.

Matematiksel yetkinlik taleplerini analiz etme becerileri gelistirilebilir beceriler olup zaman ve
deneyim gerektirmektedir (Arbaugh ve Brown, 2005; Pettersen ve Nortvedth, 2018). Bu amag
dogrultusunda 6gretmenlerin bir araya gelerek soru analizleri yapmalar1 ve matematiksel yetkinlik
talepleri hakkinda tartismalar yapmalar1 énemlidir (Pettersen ve Nortvedth, 2018). Matematiksel
yetkinlikler gercevesinin Ogretim faaliyetlerini yiiriiten 6gretmenler tarafindan da etkili sekilde
kullanilabilmesi gerekli goriilmektedir (Turner ve digerleri, 2015). Matematiksel yetkinlige sahip
bireyler yetistirmek ancak Ogretmenlerin Ogretim faaliyetlerini matematiksel yetkinlikleri
gelistirmeye yonelik tasarlamalar1 ve se¢meleri ile miimkiindiir (Niss ve Hojgaard, 2019; Turner ve
digerleri, 2015). Bu kapsamda, matematik oOgretmenlerinin matematiksel yetkinlikleri analiz
edebilmeleri i¢in hizmet i¢i egitimler planlanabilir. Matematik Ogretim programinda yer alan
matematiksel okuryazarlik becerilerinin gelistirilebilmesi amacinin yerine getirilebilmesi igin
matematik Ogretmenlerinin matematiksel yetkinlikleri analiz edip derslerinde bu yetkinlikleri
gelistirmeye yonelik planlamalar yapabilmeleri 6nemli goriilmektedir.

Etik Kurul Onay1: Mersin Universitesi Sosyal ve Beseri Bilimler Etik Kurulu Karar1 06/06/2022-239.
Arastirmacilarin Katki Orani: Calismanin her boliimiinde her iki yazarin katkis: esit orandadir.

Catisma Beyani: Yazarlar potansiyel bir ¢ikar catismasi olmadigini beyan ederler.
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Appendix A

Description and level explanations of mathematical competencies adapted from Ozgeldi and
Aydin (2021, pp. 175-178)

Communication

Understanding the presented information by imagining the situation, understanding the situation using

mathematical terms, and presenting mathematical work by reading descriptions, instructions, questions,

examples, and images.

Level 0 Understanding a short sentence or expression related to a single familiar concept that is
immediately accessible:
All information is relevant to the task, and thought steps are presented in the correct sequence.
The connection involves a single word or numerical result.

Level 1 Describing, selecting, and extracting relevant elements of information:
Understanding the context using links within the text; creating loops between the text and
other representations. The connection is simple and extends beyond a single numerical result
(e.g., writing a short expression or performing a calculation).

Level 2 Providing a brief explanation about understanding instructions and selecting elements of
information through repeated loops and linking multiple elements:
Interpreting conditional statements or instructions or actively transmitting a generated
explanation. The connection includes making a short explanation or a series of calculation
steps.

Level 3 Providing a brief explanation about recognizing and interpreting logically complex
relationships:
Creating an economical, clear, consistent, and comprehensive explanation of a solution,
process, or argument. The connection involves developing an argument that includes multiple
elements and connections.

Devising Strategy
Selecting, creating, and implementing a mathematical strategy to solve problems arising from the
context/task; monitoring and controlling the implementation of the involved processes.

Level 0 Taking direct actions when the required strategy is clear:
Using a specified solution strategy.

Level 1 Identifying an appropriate strategy using the given relevant information:
Creating a simple strategy that combines the relevant elements of the context into a single
step.

Level 2 Creating a strategy to transform the given information:

Using a simple strategy involving multiple steps. Creating multi-stage strategies repeatedly to

transform the given information requires controlled/targeted processing to use the strategy.
Level 3 Reaching a comprehensive solution or generalized conclusion by creating a detailed strategy;

evaluating or comparing strategies:

Creating multi-stage strategies with advanced cognition to reach the solution.

Mathematising
Transforming a non-mathematical situation into a mathematical model (e.g., structuring, idealizing,
making assumptions, creating a model), interpreting or verifying a given or created model by relating it to
the context.
Level 0 There is entirely mathematical content, or the relationship between the real situation and the
model is unnecessary for problem-solving;:
Issues arising within mathematical structures.
Level 1 Making direct interpretations and deductions from a given model; converting the structure,
variables, and relationships from a given situation to mathematics:
Conceptualizing the situation appropriately; selecting and defining relevant variables;
collecting relevant measurements; creating tables, diagrams, or figures.
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Level 2 Modifying or using a given model to change conditions or interpret extracted relationships:
Selecting a familiar model within specific and clear constraints; creating a model where
necessary variables, relationships, and constraints are explicit and clear.

Level 3 Establishing connections, comparisons, evaluations, or selections between different given
models:

Creating a model in a situation where assumptions, variables, relationships, and constraints
will be identified or defined; verifying whether the created model meets the requirements of
the context/task.

Representation

Interpreting, analyzing, translating, and using given representations in a quest for a solution; selecting or
creating representations to capture the situation or present one's own work. Representations include
mathematical objects or depictions of relationships such as equations, formulas, graphs, tables, diagrams,
pictures, text descriptions, concrete materials.

Level 0 Using a representation that requires minimal interpretation:
Directly translating from text to a number; reading a value directly from a diagram, graph, or
table.

Level 1 Using and interpreting a standard or familiar representation:

Comparing data; showing or interpreting trends and relationships.

Level 2 Translating or using between two or more different representations:
Changing one representation; representing a situation with a simple representation; creating a
representation that significantly requires analysis.

Level 3 Using and interpreting a non-standard representation:
Creating a representation that captures a complex mathematical situation; comparing or
evaluating multiple representations; contextualizing representations of various mathematical
entities.

Using Symbols, Operations, and Formalism

Understanding and using definitions, symbols, and truths; manipulating symbolic expressions within a

mathematical context (e.g., arithmetic expressions and operations or algorithms and procedures)

determined by mathematical traditions and rules; understanding and using structures based on

definitions, rules, and formal systems.

Level 0 No need to activate mathematical rules or symbolic expressions beyond basic arithmetic
calculations:
Using basic mathematical definitions, symbols, and truths; performing a few arithmetic
calculations involving easily traceable numbers.

Level 1 Directly using a simple functional relationship:
Using familiar linear relationships; using formal mathematical symbols related to fractions
and decimals, direct substitution, or continuous arithmetic calculations; directly activating the
formal mathematical definition, symbolic concept, tradition, or rule.

Level 2 Explicitly using and manipulating symbols:
Manipulating symbols algebraically by rearranging them; using mathematical rules,
definitions, traditions, procedures, or formulas by employing a combination of multiple
relationships or symbolic concepts; using formally expressed mathematical relationships
involving multiple components; using repeated or continuous calculations, creating simple
functional relationships.

Level 3 Multi-step application of formal mathematical procedures:
Working flexibly with functional or complex algebraic relationships; producing results and
drawing conclusions using both mathematical techniques and knowledge; applying multi-step
formal mathematical procedures; using a large number of functional relationships in repeated
or continuous calculations.

Reasoning and Argument
Engaging in logically driven thought processes to discover and connect problem elements, draw
conclusions from them, or verify given validity or justify statements; producing mathematical arguments
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about the credibility of conclusions (e.g., about why the conclusions rely on specific properties of
mathematical components, such as objects, concepts, and transformations).

Level 0 Drawing direct conclusions from given information and instructions:
Developing a simple mathematical argument.

Level 1 Thinking to combine information to draw conclusions:
Combining separate components in the problem; direct reasoning within a
context/task/problem.

Level 2 Analyzing information to follow or construct a multi-step argument:

Combining multiple mathematical elements (e.g., variables, objects, concepts, and
transformations); reasoning from connected sources of information.

Level 3 Synthesizing and evaluating, constructing reasoning chains, using or creating them:
Justifying or generalizing conclusions sustainably and purposefully using multiple pieces of
information; shaping, examining, or justifying arguments and conclusions using multiple
contexts/tasks/problem elements.

Ozgeldi ve Aydin’den (2021, s. 175-178) adapte edilmis matematik yetkinliklerin tanimlar ve
seviye ac¢iklamalar

Iletisim

Aciklamalari, talimatlari, sorulari, 6rnekleri ve goriintiileri okuyarak, sunulan bilgiyi anlamak igin

durumu hayal etme, matematik terimlerini kullanarak durumu anlama ve matematiksel ¢alismay1

sunmadir.

Seviye 0 Hemen erisim saglayan tek bir tanidik kavrama iliskin kisa bir ciimleyi veya ifadeyi
anlama:
Tiim bilgi gorevle ilgilidir ve diisiince adimlar1 dogru sirayla sunulur. Baglanti, tek
bir kelime veya sayisal sonucu igerir.

Seviye 1 Bilgiyi tanimlama, segme ve ilgili unsurlar: ¢ikarma:
Metin icinde baglantilar kullanarak baglami anlamak; metinle diger temsiller
arasinda dongii olusturmadir. Baglant: basittir ve tek bir sayisal sonugtan Gteye
gider (6rnegin, kisa bir ifade yazma veya hesaplama yapma).

Seviye 2 Talimatlar1 anlama ve bilgi unsurlarini se¢gme igin tekrarlanan dongiiler ve ¢oklu
unsurlar1 baglama hakkinda kisa bir agiklama:
Kosullu ifadeleri veya talimatlar1 yorumlama veya olusturulan bir agiklamay aktif
olarak iletimdir. Baglanti, kisa bir agiklama yapmay1 veya hesaplama adimlarinin
bir dizisini igerir.

Seviye 3 Mantiksal olarak karmasik iliskileri tanima ve yorumlama hakkinda kisa bir
aciklama:
Bir ¢6ziim, siire¢ veya argiimanin ekonomik, net, tutarli ve eksiksiz bir agiklamasini
olusturmadir. Baglanti, birden fazla unsuru ve baglantiy1 igeren bir argiiman
gelistirmeyi igerir.

Strateji olusturma
Baglam/gorevden kaynaklanan sorunlari ¢6zmek i¢in matematiksel bir stratejiyi secme, olusturma
ve uygulama; dahil olan siireglerin uygulanmasini izleme ve kontrol etmedir.

Seviye 0 Gerekli strateji agik oldugunda dogrudan eylemler alinir:
Belirtilen bir ¢oziim stratejisini kullanmadir.

Seviye 1 Tgili verilen bilgiyi kullanarak uygun bir strateji belirleme:
Baglamin ilgili unsurlarini birlestiren tek bir adim igeren basit bir strateji
olusturmadir.

Seviye 2 Verilen bilgiyi doniistiirmek i¢in bir strateji olusturma:
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Birden fazla adimi igeren basit bir stratejiyi kullanmadir. Verilen bilgiyi
doniistiirmek igin tekrar tekrar ¢ok asamali stratejiler olusturma, stratejiyi
kullanmak kontrollii/hedefli isleme gerektirir.

Seviye 3 Detayli bir strateji olusturarak kapsamli bir ¢6ziime veya genellestirilmis bir sonuca
ulasma; stratejileri degerlendirme veya karsilastirma:
Coziime ulagmak icin iistbilis 6neme sahip ¢ok asamali stratejiler olusturmadir.

Matematiksellestirme

Matematik dis1 bir durumu matematiksel bir modele doniistiirme (6rnegin, yapilandirma, idealize
etme, varsayimlar yapma, bir model olusturma), bir verilen veya olusturulan modeli baglamla
iliskilendirerek yorumlama veya dogrulamadr.

Seviye 0 Tamamen matematiksel bir igerik vardir ya da gercek durum ile model arasindaki
iliski problem ¢oziimiinde gereksizdir:
Matematiksel yapilar icinde ortaya ¢ikan sorunlardir.

Seviye 1 Verilen bir modelden dogrudan yorum yapma ve sonug ¢tkarma; yapi, degiskenler
ve iligkiler verilen bir durumdan matematige doniistiiriiliir:
Durumu ilgili sekilde kavramlastirma; ilgili degiskenleri se¢me ve tanimlama; ilgili
ol¢limleri toplama; tablolar, diyagramlar veya sekiller olusturmadr.

Seviye 2 Kosullar1 degistirmek veya ¢ikarilan iligkileri yorumlamak icin bir verilen modeli
degistirme veya kullanma:
Belirli ve net kisitlamalar icinde tanidik bir model se¢gme; gerekli degiskenlerin,
iligkilerin ve kisitlamalarin actk ve net oldugu bir model olusturmadir.

Seviye 3 Farkli verilen modeller arasinda baglant: kurma, karsilastirma, degerlendirme veya
se¢me:
Varsayimlarin, degiskenlerin, iligskilerin ve kisitlamalarin belirlenecegi veya
tanimlanacagi bir durumda bir model olusturma; olusturulan modelin
baglam/gorevin gereksinimlerini karsilayip karsilamadigini kontrol etmedir.

Temsil

Bir ¢6ziim arayisinda verilen temsilleri yorumlama, ¢6ziimleme, aralarinda geviri yapma ve
kullanma; durumu yakalamak veya kendi ¢alismasimi sunmak icin temsilleri se¢me veya
olusturmadir. Temsiller, denklemler, formidiller, grafikler, tablolar, diyagramlar, resimler, metin
aciklamalari, somut materyaller gibi matematiksel nesneler veya iligkilerin tasvirlerini igerir.

Seviye 0 Minimal yorum gerektiren bir temsil kullanma:
Metinden dogrudan sayiya gecme; diyagramdan, grafikten veya tablodan
dogrudan bir degeri okumadir.

Seviye 1 Standart veya tanidik bir temsil kullanma ve yorumlama:
Verileri karsilastirma; trendleri ve iligkileri gosterme veya yorumlamadir.
Seviye 2 iki veya daha fazla farkli temsil arasinda geviri yapma veya kullanma:

Bir temsili degistirme; bir durumu basit bir temsil ile gosterme; 6nemli olgiide
¢ozlimleme gerektiren bir temsil olusturmadir.

Seviye 3 Standart olmayan bir temsil kullanma ve yorumlama:
Karmasik bir matematiksel durumu yakalayan bir temsil olusturma; birden fazla
temsili karsilastirma veya degerlendirme; cesitli matematiksel varliklarin
temsillerini baglamadir.

Semboller ve formalizm

Tanimlari, sembolleri ve gergekleri anlama ve kullanma; matematiksel baglam iginde sembolik
ifadeleri manipiile etme (6rnegin, aritmetik ifadeler ve islemler veya algoritmalar ve prosediirler),
matematiksel gelenekler ve kurallar tarafindan belirlenen; tanimlara, kurallara ve formal sistemlere
dayali yapilar1 anlama ve kullanmadir.

Seviye 0 Temel aritmetik hesaplamalardan oteye ge¢meden matematiksel kurallar veya
sembolik ifadelerin etkinlestirilmesine ihtiyag yoktur:
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Temel matematiksel tamimlari, sembolleri ve gercekleri kullanma; kolayca
izlenebilir sayilar igeren birkag aritmetik hesaplama yapmadir.

Seviye 1 Dogrudan kullanilan basit bir islevsel iliski:
Tamidik dogrusal iligkileri kullanma; kesirler ve ondaliklarla ilgili formal
matematik sembollerini kullanma, dogrudan yerine koyma veya kesintisiz
aritmetik hesaplamalar1 kullanma; resmi matematiksel tanimi, sembolik kavrami,
geleneksel veya kurali dogrudan etkinlestirmedir.

Seviye 2 Sembollerin agik¢a kullanilmasi ve manipiilasyonu:
Sembolleri cebirsel olarak yeniden diizenleyerek manipiile etme; birden ¢ok iligki
veya sembolik kavramin bir kombinasyonunu kullanarak matematiksel kurallari,
tanimlari, gelenekleri, prosediirleri veya formiilleri kullanma; birden ¢ok bilesen
iceren resmi olarak ifade edilmis matematiksel iliskileri kullanma; tekrarlanan veya
kesintisiz hesaplamalar1 kullanma, basit islevsel iliskileri olusturmadar.

Seviye 3 Resmi matematiksel prosediirlerin ¢cok adimli uygulamasi:
Esnek bir sekilde fonksiyonel veya karmasik cebirsel iligkilerle ¢alisma; hem
matematiksel teknik hem de bilgi kullanarak sonug iiretme ve sonuglar ¢ikarma;
¢ok adimli resmi matematiksel prosediirleri uygulama; tekrarlanan veya siirekli
hesaplamalarda ¢ok sayida islevsel iligki kullanmadr.

Al yiiriitme ve argiiman
Mantikli kokenli diisiince siirecleri, problem unsurlarini kesfetmek ve birbirine baglamak suretiyle
bunlardan sonuglar ¢ikarmak veya verilen bir hakliligi kontrol etmek veya ifadeleri hakli gikarmak
i¢in; sonuglarin inandiriciligl hakkinda matematiksel argiimanlar {iretmektir (6rnegin, sonuglarin
neden matematiksel bilesenlerin 6zgiil Ozelliklerine, nesneler, kavramlar ve doniisiimler gibi,
dayandig1 hakkinda).
Seviye 0 Verilen bilgi ve talimatlardan dogrudan sonuglar ¢ikarma:
Basit bir matematiksel argiiman gelistirmedir.
Seviye 1 Sonuglar ¢ikarmak igin bilgiyi birlestirmek igin diisiinme:
Problemde bulunan ayr1 bilesenleri birlestirme; baglam/gorev/problem icindeki bir
yonii icinde dogrudan akil yiirtitmedir.
Seviye 2 Bilgiyi takip etmek veya ¢ok adimli bir argiiman olusturmak igin bilgiyi analiz
etme:
Bir¢ok matematiksel unsuru birlestirme (6rnegin, degiskenler, nesneler, kavramlar
ve doniisiimler); bagh bilgi kaynaklarindan akil yiirtitmedir.
Seviye 3 Sentezlemek ve degerlendirmek, akil yiiriitme zincirleri olusturmak, kullanmak
veya olusturmak:
birden ¢ok bilgi unsurunu kullanarak stirdiiriilebilir ve yonlendirilmis bir sekilde
sonuglar1 hakli ¢ikarma veya genelleme yapma; ¢oklu baglam/gorev/problem
unsurlarmi kullanarak argiimanlari ve sonuglari sekillendirme, inceleme veya hakl
¢gikarmadir.
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Appendix B

Question Form

1)

Dik dg¢genlerde 90° lik aginin karsisindaki kenara
hipoteniis denir.

Bir dik ticgende dik kenarlarin uzunlukiarinin karele-
ri toplami, hipotendsdn uzunlugunun karesine egittir.

b a2+ c2 = b?

B a C
ABCD dikdortgeni bigimindeki bir kagit pargcasinin
bir yuztine asagidaki gibi 10 es dikdértgen gizilip bu
dikdortgenler boyaniyor.

A D

B C

Kagidin bu yiiziindeki boyanmayan bélgelerin
alanlar toplami 30 cm? olduguna gére ABCD
dikdortgeninin késegenlerinden birinin uzunlu-
gu kac santimetredir?

A) 3710
C)10/13

B) 5/26
D) 2610

3)

Kare seklindeki bir kagidin bir y(z0 asagidaki gibi sekiz es beyaz btigeye ve ddrt es mavi biigeye aynimisti.

Mavi Mavi

Beyaz bigelerden her biri, alani (4x2 + 8x +4) cm? olan karese! bigelerdir.
Buna gére mavi bblgelerden birinin alanini santimetrekare cinsinden veren cebirsel ifade asagidakilerden
hangisidir?

A)B(x+ 1) B)8(x + 17 C)ax+2P D) 2(x + 27

5)

Uzun kenarlanmin uzunluklan birbirine esit, kisa kenarlarimin uzuniuklan 20 cm ve 8 cm olan

dikdorigen seklinde iki karton Sekil I'de veriimistir
o o

Sekil|

Bu kartonlar Sekil I'deki gibi uzun kenarlan paralel olacak ve san karton altta kalacak bigimde ust 0ste yerlegtirildi-
ginde mavi dikdortgenin uzun kenar,, san dikdérigeni iki es pargaya ayirmakia ve es parcalardan biri mavi dikdort-
genin altinda kalmaktadr.

Yukar
Mavi

[ San  J[aom Asedr

Sekil Il

Kartonlar Sekil I'deki konumlanindayken san dikdorgen sabit kalmak dzere mavi dikdongen sari dikdortgenin oze-
rinde agagiya dogru x cm hareket ettirildiginde san dikdorigenin tamami mavi dikdortgenin altinda kalmaktadir.

Buna gdre x'in i degerleri gésteren esitsizlik asagidakilerden hangisidir?

A)4=x=16 Bj4=x=20 C)2=x=<16 Dj8=x=20
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2)

a # 0 ve m, ntam sayilar oimak Uzere
a™ .
a"-am=a""m ve S =a"" " dir

Bir kenarinin uzunlugu 5% cm olan kare seklindeki
kagidin bir ylziine agsagidaki gibi 12 es dikdértgen
ve 1 kare gizilmigtir. Bu sekillerden kare ve 2 eg
dikdortgen kirmiziya boyanmistir.

5% cm

Buna gore kirmizi bélgelerin alanlari toplami kag
santimetrekaredir?

A) 257  B)5’ C)2-58 D) 58

4)

Kenarlannin uzuniuklan x metre ve 2x metre olan dikdortgen seklindeki oyun parkinin plani
Sekil I'de verilmistir. Bu oyun parkinin kenarlan 2'ser metre uzatilarak Sekil II'deki gibi dikdortgen bigiminde bir oyun
parki planianmigtir.

2m
2 Oyun Oyun Parki
Parki i
x Zm
Sekil | Sekil 1l

Buna gére Sekil I'deki oyun parkinin alaninin Sekil I'deki oyun parkimin alanindan kac metrekare fazla oldu-
gunu veren cebirsel ifade asagidakilerden hangisidir?

A)Bx +4 B)6x+6 C)3x+2 D)3x+4
\sag yakit inde ibrenin ucu 0 inde yakit bos oldugu, 1'i gosterdi-
ginde tamaminin dolu oldugu ve 0 ile 1 arasina esit konulan herhangi birini igi ise

kagta kaginin dolu oldugu anlagiimaktadir.

3

O——
Deponun tamami bog

*—>1-

Deponun tamami dolu

Deponun }'ﬂ dolu

Deposu 48 litre yakit alabilen bir aracin P 30 litre yakit Bu arag x litre yakit
sonra yakit ibrenin ucu % ile % arasindaki bir degeri gostermektedir.

Buna gore aracin tiikettigi yakit litre ?

A)36 <x< 48 B)30 <x < 42 C)18<x< 30 D)6<x< 18
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7) 8)

Bir elektronik esya magazasinda 2019 ve 2020 yillaninda satilan K, L ve M marka televizyon sayilarinin dagilimi,
‘agagidaki daire grafiklerinde gosterilmigtir.

Grafik 1: 2019 Yilinda Satilan Grafik 2: 2020 Yilinda Satilan
elevizyonlarnin Dagilimi Televizyonlarin Dagilimi
o
-

!

£
Yukanda oturma plani verilen stadyumda oynanacak bir mag igin satisa gikarilan biletierin %B0'i satimistir. Biletle-
fin bloklara gore ini gosteren tablo ve biletlerin sayisinin bloklara gore dagilimini gosteren daire

grafigi agagida verilmigtir.

Bu magazada 2020 yilinda satilan L marka televizyon sayisi 2019 yilina gére 25 azalirken M marka televizyon
sayisi 40 artmigtir. Tablo: Bloklara Gore Bilet Ucretleri Grafik: Satiimayan Biletlerin Sayisinin
Bl

loklara Gore Dagihimi
Buna gére 2019 yilinda satilan K marka televizyon sayisi kagtir?

Bloklar | 1Adet Bilet Ucreti (TL)
A) 250 B) 240 c)225 D) 210 A 20

B B
Cc 10
D 10 V

Satiimayan biletlerin toplam iicreti 15 000 TL olduguna gére bu mag igin satisa gikarlan bilet sayisi kactir?

160"

A) 5000 B) 6000 C)7200 D) 8400
Efe asagida verilen ABC iggeninin agilannin lgilerini yen bir ip yardimiyla siralayacak B o oo fonk S Gl dggende OR fonafac Lzl ot
A A
o Xe a?+c2=1?
—
B & ¢
8 c

Efe bu ipin bir ucunu;

+ Akogesine koyup ipi [AB] ve [BC] ile gakigtirdiginda ipin diger ucu P noklasina,
* B kogesine koyup ipi [BC] ve [CA] ile gakigtirdiginda ipin diger ucu R noklasina,
* C kogesine koyup ipi [CA] ve [AB] ile galugtirdiginda ipin diger ucu S noktasina gelmektedir.

A
5,
R
B ) Cc
|BP| > |AS| > [CR] gbre ABC ic Blciilerinin dog@ru siralamig agagidakilerden
hangisidir?
A)ym(A) > m(C) > m(B) B)m(B) > m(C) >m(A)

o = - - - o Eskenar tggen seklindeki bes karton, dikdortgen seklindeki panonun 6n yiziine, birer kenarlan ve birer koseleri
C)m(C) > m(B) > m(A) D)m(A) > m(B)>m(C) cakistinlarak panonun yiiziinden bigimde y i gibi iri Birer kenarlari ayni dogru
pargas (zerinde ve birer koseleri ortak olan eskenar Gggenlerin benzerlik orani % dir.

Bu iicgenlerden birinin gevresinin uzunlugu 96 cm olduguna gére panonun 6n yiiziiniin alam en az kag san-
timetrekaredir?

A)672/3 B) 832/3 €)908/3 D) 992/3

11) 12)

5 Istenilen olasi durumlanin sayisi n _ _Istenilen olasi durumiarin sayist
Bir olayn olma olasiig = — o duramiann sayisi Bir olayin olma olasilg =~ Gurumiann sayisi

Renkleri diginda dzdes olan toplardan 4'0 kirmizi, geri kalani beyazdir. Bu toplarnn tamami agagidaki bog A, B ve C

torbalarina dagitiliyor.
'Y XY

Bu torbalann her birinden rastgele gekilen bir topun kirmizi olma olasilig1 birbirine esittir.

Iginde kirmizi veya san renkli 5 topun bulundugu 1. torbadan rastgele ekilen bir topun kirmizi oima olasiligi daha
Buna gdre beyaz top sayisi hangisi olamaz? fazladir. Ayrica mavi veya san renkii 7 topun bulundugu 2. torbadan rastgele gekilen bir topun san olma olasiligs
daha azdi. 1. ve 2. torbadaki toplarin tamami bos bir kutuya atiip karistnliyor.

A) 80 B)82 C)88 D)92
Toplanin tamami renkleri diginda 6zdes olduguna gre bu kutudan rastgele gekilen bir topun san olma ola-
sihgr en fazla kagtir?

i o o ok
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