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The aim of the first stage of the research was to examine the opinions of prospective
mathematics teachers about what features a question prepared to develop and
measure ML should have to be effective and qualified. Moreover, it was aimed to
determine the degree to which prospective teachers apply these qualifications in
questions they design to develop and measure ML. The aim of the second stage of the
research was to develop a valid and reliable checklist that can be used in the design of
the question to develop and measure ML and to show this tool with an application.
The research was conducted as a case study model. The study group consisted of 20
prospective mathematics teachers and five mathematics teachers who took ML
courses. Interview forms were applied in order to collect data from the teachers and
teacher candidates who took the ML course. Content analysis was used in the analysis
of the prospective mathematics teachers' opinions about the qualifications of ML
question. In the analysis of the data obtained, content, context, process, level and
structure categories were formed for effective and qualified ML question. The checklist
was decided to be in five categories and a total of 28 items and three options
depending on them. It can be said that the checklist for the ML question design, which
was developed and piloted in this study, is a valid and reliable measurement tool.
Mathematics teachers and related researchers can use the developed checklist as a
guide and guiding tool in designing ML questions.

Matematik okuryazarhgina yonelik soru tasariminda kontrol listesi

Makale Bilgisi

0Oz

DOI: 10.14527/pegegog.2021.008

Makale Gegmisi:

Gelis 04 Temmuz 2020
Duzeltme 29 Kasim 2020
Kabul 02 Ocak 2021
Cevrimici 29 Ocak 2021

Anahtar Kelimeler:
Kontrol listesi,
Matematik okuryazarhgi,
Ogretmen adayi,

Soru tasarimi.

Makale Tiirii:
Ozgiin makale

Bu aragtirmanin birinci agamasinin amaci, matematik 6gretmeni adaylarinin MOY'yi
gelistirmeye ve Olgmeye yonelik hazirlanan bir sorunun etkili ve nitelikli olmasi igin
hangi 0Ozelliklere sahip olmasi gerektigine yonelik gorislerini incelemektir. Ayrica
O6gretmen adaylarinin MOY'yi gelistirmeye ve 6lgmeye yonelik hazirladiklari sorularda
bu ozellikleri ne derece uyguladiklarini belirlemektir. Arastirmanin ikinci asamasinin
amacl ise, MOY’yi gelistirme ve 6lgmeye yonelik soru tasariminda kullanilabilecek
gecerli ve givenilir bir kontrol listesi gelistirmek ve bu araci bir uygulama ile
gostermektir. Arastirma 6zel durum c¢alismasi modeli ile ydratilmastir. Bu
arastirmanin galisma grubunu, MOY dersi almig 20 matematik 6gretmeni adayi ve bes
matematik 6gretmeni olusturmaktadir. MQOY dersini almis 0gretmen ve 6gretmen
aday! olan katihmcilardan veri toplamak amaci ile goriisme formlari uygulanmistir.
Ogretmen adaylarinin MOY sorusunun niteliklerine yénelik gérislerinin analizinde
icerik analizi teknigi ile analiz yapilmistir. Elde edilen verilerin analizinde, etkili ve
nitelikli bir MOY sorusu igin igerik, baglam, slreg, dizey ve yapi kategorileri
olusturulmustur. Kontrol listesinin bes kategori ve bunlara bagh toplam 28 madde ve
ic segenekli bir yapida olmasina karar verilmistir. Bu ¢alismada gelistirilen ve pilot
calismasi yapilan MOY soru tasarimina yonelik kontrol listesinin gegerli ve giivenilir bir
6lgme araci oldugu soylenebilir. Matematik 6gretmenleri ve ilgili arastirmacilar
gelistirilen kontrol listesini MOY soru tasariminda bir rehber ve yonlendirici arag olarak
kullanabilirler.
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Introduction

Among the main objectives of the educational processes of individuals, the most general and
comprehensive quality can be said to be literacy. In recent years, the concept of literacy appears to have
an up-to-date approach with the changes in the traditional meaning. Basic reading, writing and
calculating skills in the traditional approach of literacy have left their place in the current approach to
more multiple and complex skills and capabilities (Ozgen & Kutluca, 2013). For example, the concept of
literacy in the Program for International Student Assessment (PISA) conducted by the Organization for
Economic Co-operation and Development (OECD); students' ability to describe, interpret, and solve the
problems they face in the basic subject areas, to use their knowledge and skills, to analyze, to make
logical inferences and to communicate effectively (Ministry of National Education [MoNE], 2016, p.1). In
this context, it is understood that the concepts of literacy (science, mathematics, technology, finance
literacy, etc.) which are intensely related to the discipline of education in recent years are investigated
and discussed. One of the discipline-specific literacy types, as mathematics literacy (ML), has become
more popular and discussed with the PISA and Trends in International Mathematics and Science Study
(TIMSS) studies.

ML contains many concepts of mathematics education (Stacey, 2010), so it can be said that ML is an
important framework in terms of learning-teaching processes. It is possible to say that the basic
objectives of the mathematics education given in schools are directly related with ML and their
reflections are included in the curricula (MoNE, 2018) and school mathematics standards (National
Council of Teachers of Mathematics [NCTM], 2000). In other words, the task of schools is to create
learning environments and opportunities for students to grow as a mathematics literate person (OECD,
2013). It can be said that there are factors such as education program, teacher, and student in achieving
these educational goals for ML. One of the important factors among these is the teacher. Because,
mathematics teachers need to be able to implement many pedagogical practices to improve students'
ML skills or competencies (Machaba, 2018). It is expected that the knowledge, skills and experiences of
mathematics teachers and especially prospective mathematics teachers regarding ML are developed
and at desired levels. In the study conducted by Gen¢ and Erbas (2020), the views of secondary school
mathematics teachers about the obstacles to the development of ML were examined. In the related
study, teachers' views about the obstacles to ML development were categorized as follows: (i)
conceptual challenges (what is ML?); (ii) educational challenges (how can we develop ML?); and (iii)
systemic challenges (where is ML located?). For this purpose, it is considered important to examine the
teachers’ approaches towards an effective problem to develop or measure the ML.

In recent years, there has been increasing interest and curiosity about ML in mathematics education.
It is seen that questions similar to PISA questions are developed and applied in high school and
university entrance exams in our country. It can be said that features such as connection with real
world, having a contextual structure and focusing on mathematical process skills such as problem
solving, reasoning, and connection are observed in the mentioned questions. In this respect, the design
and implementation of ML questions similar to the PISA questions are attracted by many educators,
teachers, policy makers and book authors. Especially in recent years, how should be ML question design
and the questions to be used for ML are investigated in related literature.

Theoretical Framework

The key concept for PISA studies is literacy skills in reading, science and mathematics. Accordingly, in
PISA, students' application of knowledge and skills learned at school to real-life difficulties is examined
(Stacey, 2010). PISA forms the concept of measurement and evaluation in the field of mathematics
around the concept of ML and builds on this concept.

The importance of the ML concept comes from the fact that one is not only gaining basic knowledge
and skills, but also aims at thinking about mathematics, problem solving, positive attitude towards
mathematics and appreciation of the importance of mathematics in real life (Ozgen & Bindak, 2008).
McCrone and Dossey (2007) summarized ML as the capacity to understand the role of mathematics in
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daily life and to use mathematics in solving problems encountered in daily life. ML is the use of
mathematical knowledge to deal with and guide our lives (Evans, 2017). ML focuses on the ability of
students to analyze, validate, communicate, formulate, solve and interpret problems given in different
shapes and situations (Lailiyah, 2017). Although ML is intended to emphasize mathematical skills and
understanding that can be used in future life, intention is not only to refer to simple mathematics
involved in simple activities such as shopping. It also includes preparation for using mathematics in the
highest technical professions (Stacey, 2011).

There are some approaches to what skills and competences should be in an individual with
mathematical literacy. For example; Kilpatric (2001) stated that mathematical ability was included
conceptual understanding, operational fluency, strategic capabilities, adaptive reasoning and producer
disposition. NCTM (2000) has demonstrated the importance of ML in standards published for school
mathematics. Goos (2007) in the ML model; in a given case (context), the necessary knowledge and
techniques (mathematical knowledge), self-confidence and willingness to use this information
(temperament-disposition), to evaluate their results or information (critical orientation) and at the same
time a person representations, physical and need to use a wide range of digital tools (as cited in
Bennison, 2015, pp. 4-5). Processes such as representation, manipulation, reasoning and problem
solving are stated as important processes in doing mathematics in Pugalee's (1999) ML model. In
addition, the model includes elements that facilitate doing mathematics such as communication,
technology, and values.

The mathematical process, content and context elements within the scope of the ML in PISA studies
are considered within the framework of measurement and evaluation (OECD, 2013). Within the scope of
PISA 2012 ML, three mathematical processes are mentioned: (1) formulating mathematical concepts, (2)
employing mathematical concept, phenomenon, process and reasoning, (3) interpreting, applying and
evaluating mathematical outputs (OECD, 2013, pp.28-30). In PISA 2012, there are four subject areas or
chapters that make up the mathematical content of ML (OECD, 2013, pp.33-35): Change - relationship,
space - shape, quantity and uncertainty - data. In addition, the situations in which mathematics are used
in the measurement of ML in the PISA study, that is, the context of the questions, are discussed.
Personal, professional, social and scientific contexts are contexts considered under PISA ML (OECD,
2013). In the PISA 2012 mathematics test, three types of items were used for paper-pencil testing. These
are; (i) open-ended or unstructured item; (ii) structured item; and (iii) multiple-choice item. In
mathematics and science, test items are grouped into units that begin by defining the real-world
situation or problem. This will include information in text, pictures, graphics or tables. Then a few items
are related to this situation (Stacey, 2010).

The low level of success of students in ML may be affected by many factors, especially students,
programs and teachers. Among these factors, the teacher is important in terms of both the person who
implemented the program and the factor that can be taken easily (Altun & Akkaya, 2014). Bennison's
(2015) model suggests that teachers develop the ML in the following domains and features: 1)
knowledge (mathematical content knowledge (MCK), pedagogical content knowledge (PCK), curriculum
knowledge (CK); 2) affective (personal conception of numeracy, attitude towards mathematics,
perceived preparation to embed numeracy); 3) social (school communities, professional communities);
4) life history (past experiences of mathematics, pre-service program, initial teaching experiences) and
5) context (school policies, resources). Del Prado Hill, Friedland and McMillen (2016) presented 2
creative tools such as 1.) the ML planning framework and 2.) ML implementation checklist in their
studies.

With the researches in the related literature, the opinions of the prospective mathematics teachers
and mathematics teachers about what is ML, its definition, importance, development and teaching
approaches have been put forward (Geng & Erbas, 2017, Lestari, Juniati, & Suwarsono, 2017; Machaba,
2018; Ozgen & Kutluca, 2013; Pilten, Divrik, Pilten, & Ebret, 2016, Sefik & Dost, 2016). In addition, the
ML-oriented teaching program was examined in the studies and the reasons of low success in the ML
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were investigated (Altun & Akkaya, 2014). However, it is observed that the studies on how to use the
questions about the development or measurement of ML are limited.

In the related studies carried out, the questions and activity development processes related to ML
were examined by various researchers (Julie, Sanjaya, & Anggoro, 2017; Kamaliyah, Zulkardi &
Darmawijoyo, 2013; Kohar, Zulkardi, & Darmawijoyo, 2014; Malasari, Herman & Jupri, 2017; Novita &
Putra, 2016; Novita, Zulkardi & Hartono, 2012; Oktiningrum, Zulkardi & Hartono, 2016; Somakim,
Suharman, Madang, & Taufig, 2016). However, in most of the studies, question and activity
development was done by the researchers, not by the teachers or prospective teachers. In this context,
it was considered that it is important to test the opinions, knowledge and skills of teachers or
prospective teachers within the scope of ML.

Because, it was determined that students (Gliler, 2013; Setiawati, Herman, & Jupri, 2017), teachers
or prospective teachers (Glirbliz, 2014; Kabael & Barak, 2016; Ozgen, 2019; Saenz, 2009) had difficulties
with ML in the related literature. In addition, the study conducted by Altun and Bozkurt (2017) tried to
explain the difficulties that Turkish students experienced while solving ML questions by means of the
factors arising from the structural characteristics of the questions posed.

In the literature, it was determined that various opinions and skills of teachers and prospective
teachers within the scope of ML were examined. However, it can be understood that there is a limited
number of studies conducted with teacher or prospective teachers about how an effective and qualified
questions to develop or measure ML. In this respect, it is considered that it is important to show how
prospective teachers who received ML training in undergraduate education have knowledge, skills and
approaches towards effective and qualified questions about ML. Because it is expected that teachers
who are important factors in the development of ML levels of learners, will have sufficient theoretical
knowledge and question development skills for ML questions.

Purpose of the Research

In PISA studies, concepts such as content, process, context and level are seen within the scope of
measuring ML. (OECD, 2013). The ML questions used in the PISA studies go through a variety of scientific
processes and are finalized by the examination of various experts and pilot applications in the field.
(Tout & Spithill, 2015). The PISA test development process consists of one cycle in the following stages:
the beginning (definition, preparation), training of item writers, writing of draft items by teams, review
process: panels, cognitive laboratories / pilot studies, items revised, translation-review, decision of the
final item, psychometric analysis, item selection, final decision - final items (Tout & Spithill, 2015, p.149).
In the PISA study, it is seen that ML question design has passed through many stages and participated by
many experts. It is not possible for teachers to perform these item development processes on their own.
However, it is seen that there is a need for teachers who are responsible for developing and measuring
their MLs to design and implement effective ML questions in their classes. Because, it is very difficult for
teachers to carry out a large-scale question design in PISA studies. In addition, the appropriateness of
the questions given in the textbooks to the ML and the suitability to the students are seen as separate
problems. For these reasons, a more feasible and effective approach is needed to enable teachers to
have knowledge, skills and experiences in the design of questions about ML.

In some studies, questions similar to ML questions in PISA were developed and implemented. (Demir
& Altun, 2018; Giirbliz, 2014; Julie et al., 2017; Kamaliyah et al., 2013; Kohar et al., 2014; Malasari et al.,
2017; Novita & Putra, 2016; Novita et al., 2012; Oktiningrum et al., 2016; Ozgen, 2019; Somakim et al.,
2016). In the studies, ML questions and activities were tried to be developed with methods such as
taking expert opinion, pilot study and survey method. However, it is determined that there is no
measurement tool to determine the quality and effectiveness of ML questions developed in these
studies. However, based on the results of the studies, it was seen that mathematics educators need a
guide to design the ML question. In other words, it can be said that there is a need for a tool to measure
the effectiveness and appropriateness of the ML questions that can be used by educators, teachers or
book, test and resource designers. A checklist that can be used in the design of the question to develop
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and measure the ML is intended to guide the mathematics educators. It is thought that it will contribute
to the development of effective and qualified ML questions.

The first aim of this study is to examine the opinions of prospective mathematics teachers about
what features a question prepared to develop and measure ML should have to be effective and
qualified. Moreover, it is aimed to determine the degree to which prospective mathematics teachers
apply these qualifications in the questions they prepare to measure and evaluate ML. For this purpose,
answers to the following questions were sought.

e What are the opinions of prospective teachers about the question design for developing and
measuring the ML?

e What are the skills of prospective teachers to design question for developing and measuring the ML?

The aim of the second stage of the research is to develop a valid and reliable checklist that can be
used in the design of the question to develop and measure the ML and to show this tool with an
application.

Method
Research Design

This research is structured in two stages. The first phase of the research was conducted with case
study model. In case studies, the aim is to reveal a valuable and in-depth understanding - that is, an
understandable evaluation of the situations - based on learning something new about the behavior and
its meaning in the real environment (Yin, 2017). The aim of this study is to examine the opinions of
prospective mathematics teachers about characteristics of effective and qualified questions for the
question design of ML. In the study, prospective mathematics teachers were asked for their opinions
about the effective ML questions after examining the ML course given. They were also asked to design a
ML question in order to examine the extent to which they reflect the designation of the ML question. In
the second phase of the study, checklist design was made as a continuation of the first phase. The
design stages of the checklist developed for use in the ML question design are determined as follows:
reviewing the relevant literature, obtaining expert opinion, obtaining opinions from prospective
teachers, draft form, taking opinions from experts and teachers, forming a final form and a sample
application.

Participants

The first stage of this research was carried out during the "Mathematical Literacy" course, which is
an elective course in the second year and fall semester of a state university mathematics education
undergraduate program. The participants of this research consisted of a total of 20 prospective
mathematics teachers, 11 women and 9 men, who attended the ML course in undergraduate education.
Taking the mathematical literacy course with criterion sampling, one of the purposeful sampling
methods, was determined as the criteria for the formation of the participants of the study. In this
respect, it was determined that participants had taken ML course as a criterion. In the study,
prospective mathematics teachers gave their opinions individually on the question of ML after the
lesson, and in line with these opinions, the participants were asked to develop a question.

In the second phase of the study, five mathematics teachers, two women and three men, who took
ML education in graduate education participated. In order to form the participants of the study,
purposive sampling method was adopted and ML course was determined as a criterion. In addition, two
experts in the field of mathematics education were asked for their opinions. Special attention was paid
to the fact that the experts are experienced in mathematical literacy and activity development, that is,
they are individuals with scientific research. It was stated that the participation of the participants in the
research is not compulsory and is voluntary.
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Data Collection Tools

In the process of ML course, theoretical basis related to ML was given and various activities were
carried out. In this direction, a structured interview form consisting of a total of four questions was
created in order to determine the opinions of teacher candidates in the question design for measuring
mathematical literacy. With this form, we questioned the characteristics of an effective and qualified ML
question.

What are the features to be effective and qualified for a problem designed to develop and measure
mathematics literacy? How to write the question of mathematical literacy? Explain extensively and
explain concrete mathematical examples.

With this question in the interview form, prospective teachers were asked to state the
characteristics of the ML question they should have and why they should have these features and to
explain them with concrete mathematical examples in detail. In addition, prospective mathematics
teachers were asked to design a ML question as well as their opinions on ML questions.

Develop and solve a math problem that can measure mathematical literacy by considering the
characteristics of an effective and qualified problem. Explain the reasons for which the developed
problem includes the features to be effective and qualified? Explain the problem in terms of the
measurement criteria in PISA.

In the first stage of this study, data collection tool consisted of the opinions of prospective
mathematics teachers about the question design of ML and the questions they designed as examples to
the ML question. The prospective teachers were asked to develop the sample ML question individually.
In the example of ML question designed by prospective teachers, there was no limitation in terms of any
mathematical content, context and process. In this respect, they were asked to design a ML question to
measure mathematical literacy.

In the second phase of the study, the opinions of the mathematics teachers on the draft form of the
checklist developed for use in the ML question design were collected. An interview form was prepared
to determine the views on the draft form of the checklist. In this form, each of the items in the draft
form was asked to give an opinion on the eligibility (appropriate, partially appropriate, not appropriate)
and to give their reasons and comprehensive explanations. A total of three questions and a checklist
were applied to five mathematics teachers together after the final checklist developed for use in ML
question design. One of the ML questions was the question in the PISA 2012 study (Revolving Door) and
two of them (Race Track, Tea) were the questions included in the mathematics practice textbooks. The
teachers were asked to examine three ML questions and to evaluate these questions in terms of the
items in the checklist.

Data Collection

This research was carried out with prospective teachers within the scope of ML course in
mathematics education undergraduate program. During the mathematical literacy lesson, the
application was carried out by the researcher in the classroom environment and in a three-hour period
per week for a period of 14 weeks. The data collection phase for the research was carried out in the last
two weeks at the end of the term. In order to find an answer to the problem of the research, the
participants were asked to provide their opinions individually and to design questions for ML.

In the course of ML, firstly, theoretical information about ML was presented. Theoretical information
was given within the framework of PISA regarding the issues such as definition of ML, its components,
process, context, content, level. Class discussions were generally made over the theoretical information
about ML. In particular, the theoretical structure of the PISA study and the related measurement
framework were examined. After that, various activities in-class and external were carried out by
prospective teachers individually or in groups. In the PISA study in the past years, the questions used to
measure ML were shown by the researcher and the prospective teachers asked them to design a variety
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of ML questions. Within the scope of ML course; mathematics literacy definition, components, content,
context, process components, importance, measurement, the relationship between other types of
literacy and their reflections on mathematics curriculum. During the course, instructional applications
for ML question design in the style of homework and application were made with the participants in and
outside the classroom.

Data Analysis

The data obtained from prospective mathematics teachers were analyzed with content analysis
technique. The purpose of content analysis is to first conceptualize the data obtained in the research
and then to organize the concepts in a logical way, and from this to determine the themes that explain
the data (Yildinm & Simsek, 2005). The opinions of prospective mathematics teachers about the
characteristics of questions related to ML were examined by qualitative analysis. Content analysis
technique was used in the analysis of prospective teachers' views about the qualities of ML question.
The aim of the analysis of the data obtained from the opinions of the prospective mathematics teachers
about the ML question is to bring together similar data under certain concepts and themes and to
interpret and interpret them with a systematic approach. In the content analysis of the data obtained
from the views of the participants, operations were carried out such as coding of data, finding
categories / themes, arranging codes and categories and identifying and interpreting the findings
(Yildinm & Simsek, 2005). The participants' views on the ML question were coded by adopting the
coding approach in a general framework. According to this coding approach, a general conceptual
structure is created and coded before data analysis. However, new codes may occur when coding
(Yrildirim & Simsek, 2005).

In the data analysis of the research, the theoretical foundations of PISA study were adopted as a
framework. In the data analysis, mathematical content, context, process and level categories related to
ML were taken as ready categories in PISA study (OECD, 2013). In addition, the category of structure
that emerged as a result of the analysis of the data outside these categories was determined.

The frequency and percentage of descriptive statistics were used in the analysis of the opinions
about ML. Expressions of prospective teachers about the identified categories and codes were directly
quoted from the opinions. In addition, direct quotations from the ML questions that prospective
mathematics teachers had designed in line with their opinions about the ML question were shown. In
the research, direct quotations from ML questions designed by prospective teachers were given and
explanatory comments were presented in order to understand the categories that emerged regarding
the qualities that ML question should have. The names of prospective mathematics teachers are coded
like S1, S2 ... and the mathematics teachers are given codes like T1, T2... and their real names are
hidden. According to Creswell (2013), validity in qualitative research; some strategies, such as detailed
intensive description, triangulation and external audit, can be used. In this study, it was tried to provide
evidence from multiple and different sources for the validity of the data analysis (prospective teachers'
opinions and question design skills). In addition, a rich and intensive description of the study was aimed
to define the situation and to associate with each other. Finally, it was tried to be validated by taking
expert opinion at the development stage of the checklist. In order to ensure the reliability of the study,
the inter-encoder consensus (Creswell, 2003) was used to analyze the data transferred to the
manuscript based on the use of multiple encoders. The views and opinions obtained from the
prospective teachers about ML question were examined by the researcher at different times. A high
percentage of the agreement between the encoders was achieved and the reliability of the analysis of
the obtained data was tried to be ensured. As a result of the encodings made at different times from the
opinions of the prospective teachers, it was determined that the percentage of coding conformity was
%81.5. This percentage was seen as an acceptable percentage of the reliability of the data analysis.
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Findings
Prospective Teachers' Opinions and Skills on the Qualities of the ML Questions
According to Table 1, the most stated opinion of the prospective teachers in the content category
was to present the mathematical content with a problem from daily life and to determine the type and

scope of the ML question. The direct citation given below was evaluated in the category of type and
scope.

Table 1.

Prospective Teachers’ Opinions on the Qualities of ML Questions.

Category Codes f %

Content Type and scope should be determined 11 55
Should be presented with a problem from daily life 11 55
Reflect mathematical thinking 8 40
Different representations should be used 6 30
Conceptual- procedural knowledge must be balanced 6 30
It should reflect the application rather than the theory 5 25
Should be suitable for pre-learning 4 20

Context Type and scope should be determined 13 65
Connected with daily life 11 55
Conformity with content 5 25
Connected with different disciplines 3 15
Connected with school mathematics 3 15

Process Reasoning - proof 15 75
Type and scope should be determined 10 50
Connection 9 45
Formulation 7 35
Problem solving 7 35
Modeling 6 30
Cognitive skills (analysis, synthesis, comparison) 6 30
Mathematical language and communication 5 25
Procedural skill 3 15

Level Appropriate level of difficulty 9 45
Appropriate level of complexity 8 40
Transparent, clear and understandable 6 30

Structure Open-ended 10 50
Multiple choice 4 20
True-false 4 20
Different types of items should be included 4 20
Interesting, intriguing, research-oriented 1 5

S16: Mathematical content should be clear (quantity, space-shape, change-relationship,
uncertainty). For example, if we want to measure and improve the visual intelligence of a student in
relation to mathematics, we can do this with a question that has space-shape content.

According to prospective teachers, in the design of ML question, mathematical content, i.e. the type
and scope of content should be determined. In the opinions of many prospective teachers, the
dimensions of mathematical content (quantity, space-shape, change-relationship, and data-uncertainty)
in PISA are mentioned. However, more than half of the prospective mathematics teachers in this study
expressed their views that mathematical content should be presented with a problem from daily life. In
this respect, according to the prospective teachers, the question of ML was stated that it should reflect
the practice rather than mathematical theory.
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S6: The problem is to have more problems in daily life, the problem will be more effective and
understandable.

S5: In mathematics literacy, practical applications rather than theoretical knowledge and aspects of
facilitating our work in daily life are discussed.

However, according to prospective teachers, an effective ML question should reflect mathematical
thinking. The prospective teachers S10 and S19 mentioned the suitability of the mathematical content
to the pre-learning of the targeted students.

$10: The question should be prepared considering the level of the students.
S19: It must be appropriate to the class attainment level of the person to be asked.

Another issue to be considered in relation to mathematical content in ML design is that different
representations are used in the questions. Finally, in the mathematical content category, prospective
teachers mentioned that the ML question should reflect the conceptual and procedural knowledge in a
balanced way

S1: Questions with solutions using different representations.

$13: The field where mathematical literacy should be measured should not be limited. For example;
whether the student's ability to process is measured, or whether it should be interpreted as graphical
interpretation or how to relate a daily problem to mathematical processes should be limited.

The following is a direct quote from the ML question designed by the prospective teacher S12

Course Time

Mathematics 13:00 - 15:00
Literature 11:50-13:50
Computer 12:30 -14:00
Physics 10:15-12:15
Chess 09:50 - 11:50
English 10:30-12:00

S12: In the above table, a school's lessons and hours on Saturday are given to students. How many
lessons can a student register? How many different ways can students choose the courses they want to
attend?

It is presented as a problem related to daily life of ML question developed by the prospective teacher
S$12. In this question, it can be said that the application of mathematics rather than the rules, formulas
and terms, i.e. the theory, has come to the fore. In addition, there is a problem to stimulate and reveal
the students' mathematical thinking. The designed question is presented in the table in terms of
different representations and allows the use of other representations for the solution.

In context category, prospective teachers' most stated opinion was related to the mathematical
context related to daily life and determining the type and scope of the ML question.

S16: It must have a context (personal, professional, social, scientific).
S$12: Have a certain context to connect the given problem with daily life.

S5: The situations faced in society, in professional life and in a person's life should be addressed
(inflation, elections, shopping, weather).

In the research, it was seen that the participants in the research emphasized the contexts mentioned
in the PISA study (personal, professional, social, scientific) in designing the ML question. Participants
emphasized the nature of the context of the ML question as being more related to daily life. In addition,
some of the prospective teachers in this study reported that the ML question was related to different
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disciplines and school mathematics. Some of the participants stated that in the design of the ML
question, the determined mathematical content and context should be compatible with each other.

S2: Mathematical literacy is the capacity of productive and questioning individuals to evaluate the
problems they may face today and in the future through mathematical processes. Therefore, in order to
measure mathematical literacy, questions should be asked to face the individual in daily life and push
them to mathematical reasoning.

$10: The problem should be from daily life, although it is related to the mathematics learned at
school.

S17: The questions prepared should be comprehensive, compatible with mathematics contents,
processes and contexts.

The following is a direct quote from the ML question designed by the prospective teacher S14.

S14: Merve wants to place math, geometry, physics, chemistry, biology, history and geography books
in a new shelter. She wants to make these books to be scattered as follows:

Up to 2 books will be placed in each shelf. On the third shelf, there will only be a math book. Physics
and chemistry books will not be on the bottom shelves of the mathematics book. History and geography
books will be on the same shelf and on top of the physics book. There will be no books next to the
Turkish book. In which shelves can the geometry book be?

In the question of ML designed by the prospective teacher S14, there is a situation related to daily
life. This ML question is presented as a problem related to daily life. It can be said that this ML question
designed in terms of context is suitable for daily life contexts. In addition, mathematical contents such
as counting, selecting and sorting are aimed at this question. The mathematical content targeted in this
question is presented in an appropriate context.

The most stated opinion of the prospective teachers in process category was that they should
include reasoning-proof process skills from mathematical process skills for ML question. Prospective
mathematics teachers firstly stated that the type and scope of the targeted skills should be determined

S19: Should be aimed at measuring the skills (process, formulation, reasoning, reasoning,
comparison, etc.) that students want to have.

It is observed that participants' views on mathematical process skills are mostly related to the skills
in the PISA study. In addition, it is understood that the opinions about the skills mentioned indirectly,
even if not directly in the mentioned measurement framework. In the study, the majority of the
participants emphasized the need to include reasoning-proof skills in a ML question.

$19: Question should include procedure, reasoning, comparison etc. skills.

In addition, the majority of prospective teachers expressed their views on the design of the ML in a
way to reveal the mathematical connection skills of the students. Prospective mathematics teachers
have an emphasis on problem solving, modeling and formulation skills to be considered in the design of
ML.

S7: To be able to understand and interpret mathematics, to be able to connect to real life, that is,
mathematics literacy knowledge.

S1: Questions should be focused on problem solving rather than using formulas.

Some of the participants reported that the effective use of mathematical language and
communication is important in designing the ML question. Finally, in the mathematical process skills
category, the prospective teachers expressed their opinions about the situations related to procedural
skills in ML questions.
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$18: Designed questions should include high-level cognitive processes as thinking, reasoning, critical
thinking etc.

$12: It must be open-ended to measure the procedural skills.

The most stated opinion of the prospective teachers in the level category related to the question
levels for the ML question; it has the form of having the appropriate level of complexity and difficulty.
According to prospective teachers, the appropriate level of difficulty is understood as the rate at which
the questions can be solved by the students. In addition, it can be said that prospective teachers
emphasize appropriate level of complexity as the necessary strategies, solutions to be used in the
solution of the questions and the number of steps to be taken in solution, and most importantly, the
issues of innovation and originality in the questions.

S4: If we want to measure mathematics literacy in a question, this question should be inclusive.

$13: Knowing that each student is not at the same level in preparing the question and preparing the
questions by separating them into their levels.

Moreover, prospective mathematics teachers have an emphasis on ML questions features as
transparent, clear and understandable in the design of ML questions.

S4: The question should be clear and well-chosen words. When the student is confronted with the
question, the dilemma should not fall. The question should be descriptive.

The following is a direct quote from the ML question designed by the prospective teacher S16.

S16: A triangle with three matchsticks is given. If we want to make a triangular prism with the
matchsticks we have, how many matchsticks do we use?

The ML question developed by the prospective teacher S16 above is presented with a problem that
is suitable for daily life contexts. Different representations are used in the presentation and solution of
the problem. It can be said that the designed question requires reasoning, problem solving and
modeling skills in terms of mathematical process skills. However, the question of ML is given in open-
ended style. Moreover, since all the data needed for the solution are not given in the question, it can be
said that the complexity and difficulty of the problem is high. The language and expression used in the
question text cannot be said to be very effective. Because, there are some limitations to make the
question clear and understandable. For example, do we have enough matchsticks? Are the matchsticks
that we have are identical? Also, what is the minimum or maximum number of matchsticks to be used
to make a triangular prism? How will matchsticks be combined? These and similar questions appear to
have some limitations in terms of clarity and understanding.

The most stated opinions of the prospective teachers in the structure category, the question
structure for the ML question was that it was open-ended type. According to them, the definition of ML,
the nature of mathematics and targeted measurement and evaluation elements due to reasons such as
ML questions more open-ended structure was preferred to be presented.

S9: Instead of thinking rote and doing the formulas, there should be questions that can be
interpreted and commented on, and open-ended questions.

According to the prospective teachers in the study, the ML question can be designed in an open-
ended structure as well as multiple-choice, true-false or different types of items.

$10: Questions can be in the form of questions, not a single type of items can be in the form of more
than one type of item. Multiple choice, right-wrong, open-ended.

S$13: The types of questions prepared may differ. It can be divided into open-ended, multiple choice,
true-false types.

269



Kemal OZGEN — Pegem Egitim ve Ogretim Dergisi, 11(1), 2021, 259-298

The pre-service teacher S8 seems to support this idea by developing a question containing different
item types.

$8: Two work machines on soil and rocky ground start to work at the same time and it takes 3 and 4
days respectively to reach the water pipes of the same depth underground (The work machines work
without interruption until they reach the water pipes).

Question-1: While the depth at which the earth moving machine landed is of the distance to the
water pipes, what percentage of the total depth has been reached by the earth moving machine?

Question-2: How many hours after the work machines start to work, the ratio of the distance to the
water pipes of the earth moving machine to the water pipes of the work machine on the rocky ground is
4/5?

A)15 B)18 C)23 D)36 E)44

In addition, the prospective teacher S3 expressed the opinion that the questions designed to make
ML questions more effective and qualified would be presented in an interesting, intriguing and research-
oriented structure.

S3: The problem must be interesting by the student. It should be ensured that the student can relate
the question to daily life and that there are problems related to daily life. To raise the sense of curiosity
and research, to ask questions about the solution of the problem, should be qualified to do research.

The following is a direct quote from the ML question designed by the prospective teacher S1.

S1: Ozge has 3 identical rods of the same length. The first rod is cut by a cm from the X end, it cuts b
cm from the Y end (a> b). The second bar is cut the same amount at both ends. The third rod is cut by b
cm from the X end, it cuts a cm from the Y end (a> b).

So how does the mid-point of the rod change in this process and in what direction?

The ML question designed by the prospective teacher S1 is presented in an open-ended structure. It
aims to question and analyze the different situations that may exist in determining the midpoint of the
rod. The question of ML is presented with a problem state consisting of daily life contexts. The question
can be an interesting, intriguing and stimulating research environment for students. In addition, the
question related to the center of gravity of the question is related to the situation in the question can be
said to include the skills of connection with different disciplines. In terms of mathematical process skills,
it can be seen as a question which involves the connection, problem solving, modeling and reasoning
skills. In this question, the students are more dominant in modeling and interpreting the results. The
question can be seen as a high-level question in terms of complexity and difficulty.

Findings for Developing a Checklist for ML Question Design

Based on the interview data with prospective mathematics teachers, five categories (content,
context, process, level, structure) and a total of 30 items related to the design of the checklist were
created. The draft checklist for the targeted ML question design was decided to be in a structure with 30
items and three options (yes, partly, no). Options were given to determine whether the feature in each
item is included in the design question. In addition, it was decided that the feature targeted by each
item should be scored as “2-1-0” according to the candidate ML question. After the drafting of the
checklist for the ML question design was established, the evidence for the validity and reliability of this
form was tried to be gathered. Two mathematics education experts and five mathematics teachers were
consulted on the draft form of the checklist for ML question design. The selected mathematics teachers
were trained to have a master's degree in mathematics education and to have an education in ML.
Some of the expert opinions about the checklist in the question design for measuring ML are given in
Table 2.
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Table 2.
Some of Expert Opinions for the Draft Checklist.

Expert-1 Expert-2

e What was meant by type? e “Is it suitable for the wuse of different
e The sentence was not understood. representations?” should be called.

e Does it require? eltems 14, 21 and 22 may be removed.

e Associated with item 14. e Can contribute to related literature and
e Must be removed. discipline.

In addition to the expert opinions on the checklist that can be used in the ML question design, the
teachers who had received ML training were asked for their opinions. Some of the teachers' opinions
regarding the draft checklist prepared are given below and in Table 3.

T2: When more than one process skill is used, an item can be added to determine which process skill
is decisive.

T5: | think it would be more appropriate to ask, which one reflects more for the third item.

Below is a candidate checklist and items that can be used in the design of the question to measure
mathematical literacy. Please check each item for convenience and explain if there are items that need
to be corrected or replaced.

In line with the opinions received from the mathematics education experts and teachers for the draft
checklist, problems with the items of the checklist for the ML question design were solved in terms of
changes, corrections and meanings. The final form of the checklist was then decided. In the design of
the question to measure ML, the checklist is based on the opinions of experts and teachers. After
making changes and corrections in spelling, language-expression and form, it was decided to consist of
28 items. The final version of the checklist was decided to be in the form of 28 items and three options
(yes, partly, no). In addition, it was considered that it would be appropriate to score “2-1-0” according to
the target ML question for each item.

In order to collect evidence for the validity and reliability of the checklist, a case study was carried
out with five mathematics teachers who had recently taken a master's degree and took a ML course. In
this study, a total of three questions and checklist for mathematics teachers were directed to each
question separately. The teachers were asked to examine three ML questions and evaluate the question
in relation to the items listed in the checklist.

The majority of the teachers reported that the question of the “Revolving Door” in the PISA exam
provided completely or partly the criteria in the checklist. It can be said that the criteria determined in
the checklist were applicable to the ML question. Especially the question of the “Revolving Door” is a
guestion that is put out in the PISA exam is important for the implementation of the checklist. It can be
said that this ML question is evaluated in terms of the criteria in the checklist and the opinions
presented are an important basis for the developed checklist.

“Race Track” question which was taken part in the g grade mathematics practice were asked to the
teachers together with the checklist from the textbook. The teachers stated that this question did not
provide some or all of the criteria in the checklist. It can be said that the findings on the checklist
indicated that the criteria determined for the ML question were also obtained in the “Race Track”
question. In particular, because the question of the race track is a question in a book used in the course
of mathematics practice in our schools, it can be interpreted as the criteria in the checklist and the
opinions presented are an important basis for the developed checklist.

“Tea” question which was taken part in the 8th grade mathematics practice were asked to the
teachers together with the checklist from the textbook. The teachers stated that this question did not
provide some or all of the criteria in the checklist. The “Tea” question, which is applied together with
the checklist, is also a question from the book of mathematics practice. Because it is thought that the
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questions in the PISA exam and questions in the mathematical practice book are examined by the
teachers with a checklist and that they provide important information about the validity and reliability
of the checklist. The questions in the PISA exam are subject to extensive expert supervision and many
processes. According to the teachers in this study, it was stated that the PISA question applied with the
checklist was more effective and qualified than other questions in mathematics practice book. These
views were considered as evidence for the validity and reliability of the checklist developed in a way.

Table 3.
T3 Prospective Teacher's Draft Checklist Interview Form.
ML question
Explanation /
Item Appropriate Partially Inappropriate Justification
Content
1 Is the type and scope appropriate in terms of content? X
2 Is it presented with a problem from daily life? X
3 Does it reflect more practice than theory? X
4 Is it suitable for pre-learning? X
5 Does it reflect mathematical thinking? X
6 Are different representations used? X
7 Is conceptual-procedural knowledge balanced? X The sentence is
not clear and
understandable.
Context
8 Is the type and scope appropriate in terms of context? X
9 Is it connected to daily life? X
10 Isit connected to different disciplines? X
11  Isit connected to school mathematics? X
12 Is the context and content appropriate to each other? X
Process
13 Are the type and scope appropriate in terms of process X The questions in this section can be made the
skills? same as the roots. The question of process
14  Is there the skill to formulate? X skills in the different structures of the roots of
15  Is the problem-solving process skill reflected? X the integrity has broken.
16  Does it involve modeling process skills? X
17  Arethe reasoning process skills reflected? X
18  Are the connection process skills involved? X
19  Are mathematical language and communication skills X
used effectively?
20  Are there cognitive skills such as analysis, synthesis, X
and comparison?
21  Does it include procedural processes? X
22 Are there skills to make inferences and X
interpretations?
Level
23 Does it have appropriate level of complexity? X
24 Does it have the appropriate level of difficulty? X
25 Does it have an appropriate level of understanding? X
Structure
26 Isitgiven in open-ended item type? X
27  Are different types of items used? X It may be more
appropriate to ask the
different  types of
items mentioned in
different questions.
28 Isit interesting, intriguing? X
29 Isitfocused on doing research? X
30 Has effective expression and language been used? X
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Discussion and Results

In this study, the opinions of prospective mathematics teachers about the qualifications required for
effective ML questions after the course were examined. In addition, they were asked to design the ML
question to determine the extent to which they expressed their opinions on the question of ML design.
In the second phase of the study, a checklist has been developed which can be used in the design of
effective and qualified ML question.

The most stated opinion of the prospective teachers in the content category related to the ML
question; the type and the scope of the problem should be determined and presented with a problem of
daily life. In addition, in the ML question, qualifications such as reflecting mathematical thinking, using
different representations and balance of conceptual-procedural knowledge are mentioned. The opinions
such as the content of the questions appropriateness with the pre-learning and the reflection of the
practice rather than the theory were stated. It can be said that the types of information (MCK, PCK, and
CK) in Bennison's (2015) model for improving teachers' ML skills emphasize important issues in terms of
designing questions. Because, in ML question design, teachers should have a high level of knowledge
and skills about mathematical content types. It was determined that the prospective mathematics
teachers in this research had different contents in their ML questions after the training they took. In
addition, the majority of the prospective teachers stated that ML questions should be presented with a
problem condition from daily life. This view overlaps with the theoretical foundations of ML (OECD,
2013). In many studies, problem solving questions similar to ML questions in PISA were developed and
implemented (Novita & Putra, 2016; Novita et al., 2012). However, Sari, Yandari and Fakhrudin (2017)
stated that the problem-based learning model has positive effects on developing students' ML skills and
being independent learners.

Although the participants in this study said that the question of ML should be given in case of
problem, some of them did not reflect this to the question design. This can be interpreted as a sign of
difficulties in writing daily life-based ML problems. Similar results were found in the study conducted by
Glirblz (2014). In the study, it was found that the prospective mathematics teachers' writing skills and
self-efficacy were low. In a study by Ozgen (2019), it was reported that teachers and prospective
mathematics teachers were less willing to reflect the content of uncertainty-data and quantity in ML
problems than other contents. In the study conducted by Setiawati et al. (2017), the errors in the use of
arithmetic were observed mostly in the ML problems of the secondary school students in Level 1-2.
Furthermore, understanding of the concepts of algebra, application of arithmetic operations in algebraic
explanations and difficulties in interpreting the symbols in representing the unknown were seen. The
students used their prior knowledge in solving ML problems, but sometimes were not related to the
qguestion.

In the study conducted by Altun and Bozkurt (2017), it is observed that there are content related
factors as a result of factor analysis on the structural characteristics of ML questions. In particular, the
predominance of rich mathematical content can be said to coincide directly with the results of this
research. Because the first stage of the design of an ML question can be considered as content
determination. The type, scope, and compliance with the targeted skills appear as important issues. In
the present study, the ML question design included the following features for the content: type-scope,
presenting with a problem state from daily life, reflecting mathematical thinking, using different
representations and the balance of conceptual-procedural knowledge, pre-learning appropriateness and
reflection practice rather than theory. These qualities can be interpreted as indicators of an effective
and qualified ML question having a rich content. However, although the participants in this study stated
these views about the ML question, it cannot be said that these qualifications reflect the highest level in
the question design.

In the opinions of prospective mathematics teachers about the context category, determining the
type-scope and being related to daily life take the most place. It was also stated that the question
context should be related to different disciplines, school mathematics and content. According to the
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participants, the type and scope of context (personal, occupational, social and scientific) should be
determined in the design of questions and mathematical situations especially related to daily life should
be preferred. Goos (2007) and Bennison (2015) describe the context in which teachers propose to
develop ML. Machaba (2018) stated that context is important in the teachers teaching of ML and that
the situations related to daily life should be used. Oktiningrum et al. (2016) developed valid and useful
activities in the context of the natural and cultural heritage of Indonesia, which is similar to PISA
mathematical activities in measuring MLs of students. Participants in this study also observed that they
tried to reflect their daily life situations in their opinions and question design after the ML training.
However, there were no differences in terms of context types and scope and it was determined that
their opinions such as connecting with different disciplines were not reflected in the question design.
Similar situation in the study conducted by Ozgen (2019), it was reported that the contexts of the
problems of teachers and prospective mathematics teachers were not as effective and qualified as the
problems in the PISA study.

In contextual analysis of ML questions, there are such qualities as type-scope, connected daily life,
different disciplines, with school mathematics and compatibility with content. Effective and
comprehensive use of these qualifications in question design will contribute positively to learning-
teaching mathematics in context. This is because it may not be possible for students to learn,
understand, connect and value math in ML questions, which are formed from purely mathematical
content and situations. According to primary prospective mathematics teachers, it is stated that ML is
important because of their individual, social and cognitive benefits (Ozgen & Kutluca, 2013). The
importance of ML can be caused by the use of effective contexts.

It is seen that the type and scope of the process skills are stated in the opinions of the prospective
teachers about the process category. In addition, mathematical processes in the design of the ML
question; it should include formulation, problem solving, modeling, reasoning, proofing, mathematical
language and communication, cognitive skills (analysis, synthesis, comparison) and procedural skills. It
can be said that the views of prospective teachers on mathematical processes are in great agreement
with the theoretical foundations in the PISA study (OECD, 2013). It is also possible to say that their views
reflect the NCTM (2000) process standards. In a study conducted by Ozgen and Kutluca (2013), primary
school prospective mathematics teachers stated that factors such as concretization of mathematics,
interest, interaction and directing to thinking were effective in the development of ML. Pilten et al.
(2016), elementary teacher candidates' perceptions of the concept of "mathematical literacy" were tried
to be determined through metaphors. When the metaphors produced are evaluated, it is seen that
many of them require high-level thinking skills (analysis, synthesis, evaluation, etc.). In a study by Kohar
et al. (2014), activities similar to PISA with practical, potential and potential impacts were developed.
Activities were determined to affect students' communication, reasoning, argumentation,
representation, mathematization, problem solving, using formal / symbolic language, and interest-
attention. In the study conducted by Altun and Bozkurt (2017), structural characteristics of ML questions
were determined. Among these features, algorithmic processing, dominance of mathematical content,
mathematical inference, mathematical suggestion development and / or interpretation of the proposed
proposal, understanding of the mathematical equivalence of the life situation, understanding the
equivalence of the mathematical language in life are determined. In the findings of this study, reasoning
and proof were found as the subcategory with the highest frequency in the process category. However,
it cannot be said that these process skills are sufficiently emphasized in the mathematics course
curricula in our country. The importance of process skills such as reasoning and proof in terms of the
development of ML skills was also revealed in this study.

Teachers should be able to determine competency requirements in mathematical activities, which
they want to use for teaching or measurement purposes (Pettersen & Nortvedt, 2018). In this context,
targeted process skills should be reflected in an effective approach to the problem activities used for the
development or measurement of ML. The participants in this study expressed quite comprehensive and
effective opinions regarding the mathematical process skills related to ML questions. However, it can be
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said that there are various difficulties and limitations in the application of process skills in question
design.

In the opinions of prospective teachers on the level category, appropriate complexity, difficulty and
comprehensibility characteristics were indicated. In the PISA study, problems were discussed at six
levels in terms of difficulty level and the characteristics of each level were defined (OECD, 2013).
Difficulty, complexity and comprehensibility in ML questions to be designed in this direction are
important qualities. Prospective teachers’ views and skills about ML in this study are similar with
Turkey's results in PISA studies. Students in Turkey were determined to score in PISA 2012 and 2015 an
average of ML exam corresponds to Level 2 and 3 intervals (MoNE, 2012, 2016). Similarly, iskenderoglu
and Baki (2011) classify the questions in one of the 8th grade textbooks by examining them according to
the PISA mathematics proficiency scale. According to the results of this classification, it is seen that 8th
grade textbook does not include questions at all levels. Questions, problems, exercises and examples
were found at levels 1, 2, 3 and 4. At these levels, there are at most 2 level questions. Also iskenderoglu,
Erkan and Serbest (2013) classified and examined mathematics questions that were asked to pass exams
in high school between 2008-2013 in Turkey according to the PISA proficiency scale. In the study, it was
seen that mathematics questions in their exams were not appropriate to all levels. It was seen that the
questions were in the 2nd, 3rd and 4th levels in general, and there was no problem in level 5 in the top
level and no problem in the 6th level. In this context, it is understood that an important element that
should be considered in the design of the question to measure or improve the ML is the level category.
It was determined that the participants in this study had various difficulties in terms of difficulty,
complexity and clarity in the design of ML questions.

In the opinions of the prospective mathematics teachers about the structure category, the question
structure was specified to be open-ended, multiple choice, true false, containing different types of items
and interesting, intriguing, research-oriented. The vast majority of the prospective teachers considered
the problem they had designed to be open-ended. However, interesting, intriguing, research-oriented
qualities are not reflected in many questions. It is known that the questions are prepared as multiple
choice in many important exams such as the entrance exam to universities and high schools in our
country. The limitations of multiple choice questions in terms of ML are also revealed in this study.
Especially in this study, it was emphasized that open-ended questions and the use of different types of
questions are important for ML question design. In a similar study, Ozgen (2019) reported that teacher
and prospective teachers' problems with ML were more structured problems than other types. Although
there are positive implications of the ML education that the participants in this study have received for
the question design, there are several structural problems. In the relevant literature, it is understood
that mathematics teachers have limitations and difficulties regarding the questions they use in exams
and lessons. In the study conducted by Bekdemir and Bas (2017), the questions used by mathematics
teachers in exams were analyzed in terms of conceptual and operational knowledge. As a result of the
research, it was determined that mathematics teachers mostly used multiple choice questions, focused
on procedural knowledge, and similar questions from other sources. Bozkurt, Kili¢ Kircali, and Ozmantar
(2017) reported that middle school mathematics teachers mainly include validation, calculation and
feature determination questions that require short answers in their lessons. As Demir (2015) stated, ML
questions can be used for many important purposes other than assessment and evaluation, such as
putting students at the center of the course, motivating them, determining their incomplete learning
and misconceptions, and creating a discussion environment in the classroom. Therefore, by emphasizing
the strengths of different types of questions in ML question design, interesting, intriguing and research-
oriented questions can be designed.

Structure category was also determined as an important factor in the checklist for ML question
design developed in this study. In a sample application conducted with mathematics teachers, it was
observed that the problems given were tested for compliance with the criteria in terms of being ML
questions. In this direction, it was revealed with the application that the criteria included in the checklist
for the structure category are important and effective issues in question design. It was determined that
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the criteria determined for the structure category are as important as other criteria and should be
considered in order to design effective and qualified ML questions.

The opinions of the pre-service mathematics teachers participating in the research about the
qualities of the ML question were analyzed with content analysis. As a result of the analysis, the
qualities of the ML questions were presented under five categories. Content, process, context, level and
structure categories were the elements for the qualifications of the ML questions. In the second stage of
the study, a checklist was created for the design of the ML question. Content, process, context, level and
structure categories that emerged in the first stage formed the checklist. After the expert opinions and
the opinions of mathematics teachers, a checklist was developed that can be used in the design of ML
questions, which consists of a five-factor structure with 28 items and 3 options (yes, partly, no). Del
Prado et al. (2016) developed a ML implementation checklist, but it was determined that there was no
similar checklist in the ML question design. It can be said that the categories that appeared in the
checklist are in accordance with the measurement framework in PISA studies conducted by OECD
(2013). It can be said that the developed ML question design checklist has the opportunity to be a tool
that researchers and practitioners can use as a guideline and guide they need.

Recommendations

In this study, it can be said that the qualities that need to be considered for the ML question design
have emerged in a way. Because the five categories mentioned in the question design cannot be
considered in a discrete manner and it is possible to see the reflections of each other. In the design of
the questions, five categories and sub-categories of the items identified in this study should be
supported by more comprehensive and applied studies. Thus, the qualifications for ML question design
can be clarified and guidelines, models and approaches can be put forward.

In this research, it can be said that the prospective mathematics teachers have a high level of opinion
about the question design with the ML education. However, it cannot be said that these positive
reflections in the opinions of prospective teachers are fully realized in the question design. The majority
of prospective teachers are not aware of the concepts of PISA and mathematics literacy. In this context,
the theoretical basis for prospective teachers' ML and question design, their awareness and approach
being positive and high level shows that there are difficulties in the design of the question, i.e. question
design. The short duration of the ML education given in this study and the deficiencies and limitations in
the types of knowledge that the prospective teachers should have might have led to these results.
However, the ML training and question design applications carried out in this study will have positive
reflections with longer and more comprehensive activities.

It can be said that the checklist for the ML question design, which was developed and piloted in this
study, is a valid and reliable measurement tool. Research can be conducted with different mathematics
teachers and prospective teachers to reinforce the validity and reliability of the checklist. In particular, it
is considered that the checklist will be a guiding tool for mathematics educators in ML question design
processes and will make the question design process more effective. In addition, it is inevitable that ML
questions of measurement tools developed with this checklist can have more effective and qualified
features. It is thought that researchers who study and investigate ML question design processes can also
benefit from providing valid and reliable information. It can be said that the ML education given to the
participants in this study has a positive effect on the ML question in terms of their effective and
qualified characteristics. In particular, it has been determined that they have ideas that are expected
and compatible with theoretical foundations in the content, context, process, level and structure
categories related to ML questions. With this approach, the development of knowledge, skills and
experiences of mathematics teachers about ML and question design can be provided. Opportunities
should be provided for teachers, prospective teachers and mathematics education researchers to think
more about how the design of effective and qualified ML questions should be.
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Turkish Version

Girig

Bireylerin egitim siireclerinin temel hedefleri arasinda en genel ve kapsamli olan niteligin
okuryazarlik oldugu sdylenebilir. Son yillarda okuryazarlik kavraminda ise geleneksel anlamindaki
niteliklerin degismesiyle birlikte giincel yaklasimlara sahip oldugu goérilmektedir. Okuryazarhgin
geleneksel yaklasimindaki temel okuma, yazma ve hesap yapma becerileri giincel yaklasimda yerini daha
coklu ve karmasik becerilere ve yeteneklere birakmistir (Ozgen & Kutluca, 2013). Organisation for
Economic Co-operation and Development (OECD) tarafindan yiritiilen Programme for International
Student Assessment (PISA) ¢alismasinda “okuryazarlik kavrami; 6grencilerin temel konu alanlarindaki
cesitli durumlarda karsilastiklari problemleri tanimlarken, yorumlarken ve ¢ézerken, bilgi ve becerilerini
kullanma, analiz etme, mantiksal ¢cikarimlar yapma ve etkili iletisim kurma yeterlilikleri olarak” ifade
edilmektedir (Milli Egitim Bakanhgi [MEB], 2016, p.1). Bu dogrultuda, egitim alaninda son yillarda yogun
bicimde alana 6zgl okuryazarlik (fen, matematik, teknoloji, finans okuryazarligi vb.) kavramlarinin
arastirildigl ve tartisildigr anlasiimaktadir. Alana 06zgl okuryazarhk tirlerinden biri de matematik
okuryazarhgi (MOY) kavramidir. MOY kavrami, 6zellikle PISA ve Trends in International Mathematics and
Science Study (TIMSS) ¢alismalari ile daha popller olmus ve tartisiimistir.

MOY, matematik egitiminin bircok kavramini iginde barindirmasindan (Stacey, 2010) dolayi
matematigi 6grenme-6gretme sirecleri agisindan 6nemli bir cerceve kavram oldugu soylenebilir.
Okullarda verilen matematik egitiminin temel amaclarinin MOY ile dogrudan iliskili oldugu ve
yansimalarinin 6gretim programlarinda (MEB, 2018) ve okul matematigi standartlarinda (National
Council of Teacher of Mathematics [NCTM], 2000) yer aldigini séylemek mimkiindir. Bir baska deyisle
okullarin gorevi 6grencilerin matematik okuryazari bir birey (OECD, 2013) olarak yetismelerine ydnelik
0grenme ortamlari ve firsatlari yaratmaktir. MOY’ye yonelik bu egitimsel hedeflerin yakalanmasinda
Ogretim programi, Ogretmen, 6grenci vb. faktorler oldugu soylenebilir. Bunlar arasinda o6nemli
faktorlerden biri 6gretmendir. Clinkii matematik 6gretmenlerinin 6grencilerin MOY beceri ya da
yeterliklerini gelistirmede bircok pedagojik uygulamalari hayata gecirebilmesi gerekmektedir (Machaba,
2018). Matematik O6gretmenleri ve 0Ozellikle matematik 6gretmen adaylarinin MOY’ye yoénelik bilgi,
beceri ve deneyimlerinin gelismis ve istenen diizeyde olmasi beklenmektedir. Geng¢ ve Erbas (2020)
tarafindan yapilan ¢alismada, ortadgretim matematik 6gretmenlerinin MOY’nin gelisiminin dnlndeki
engellerle ilgili gérisleri incelenmistir. ilgili calismada MOY gelisiminin &niindeki engellerle ilgili
O6gretmenlerin gorisleri su sekilde kategorize edilmistir: (i) kavramsal zorluklar (MOY nedir?); (ii) egitim
zorluklart (MOY'’yi nasil gelistirebiliriz?); ve (iii) sistemsel zorluklar (MQOY nerede bulunacak?). Bunun igin
MOY'’yi gelistirme ya da 6lgmeye yonelik etkili bir sorunun nasil olmasi gerektigi yoniinde 6gretmen
yaklasimlarinin incelenmesinin énemli oldugu distntlmstdr.

Matematik egitimi alaninda son yillarda matematik okuryazarligina yonelik artan ilgi ve merak oldugu
sdylenebilir. Ulkemizde lise ve Giniversiteye giris sinavlarinda PISA sorularina benzer sorularin hazirlandig
ve uygulandigi gérilmektedir. S6zU edilen sorularda glinliik hayat ile iliskilendirme, baglamsal bir yapiya
sahip olma ve problem ¢6zme, muhakeme, iliskilendirme gibi matematiksel siire¢ becerilerine
odaklanma gibi o6zelliklerin gorildiigi soylenebilir. Bu dogrultuda, PISA sorularina benzer MOY
sorularinin tasarimi ve uygulanmasi bircok egitimci, 6gretmen, politika yapici ve kitap yazari tarafindan
ilgi gérmektedir. Ozellikle son yillarda MOY soru tasariminin ve kullanilacak sorularin nasil olmasi
gerektigi yoninde arastirmalar yapiimaktadir.

Kuramsal Cergeve
PISA calismalari igin anahtar kavram okuma, fen ve matematik alanlarinda okuryazarlik becerileridir.

Buna gore PISA’da 6grencilerin okulda 6grendikleri bilginin ve becerilerin gercek hayattaki zorluklara
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uygulama durumlari incelenir (Stacey, 2010). PISA ¢alismasinda matematik alanindaki 6lgme ve
degerlendirmeyi, MOY kavrami etrafinda sekillendirmektedir ve bu kavram lizerine inga etmektedir.

MOY kavraminin énemi; kisinin temel bilgi ve becerileri kazanmasinin yaninda matematik ile ilgili
disinmeyi, problem ¢dzmeyi, matematige karsi olumlu tutum iginde olmayl ve matematigin gergek
yasamdaki dnemini takdir etmesini hedeflemesinden kaynaklanmaktadir (Ozgen & Bindak, 2008).
McCrone ve Dossey (2007) MOY’yi matematigin ginlik hayattaki roliinii anlama, ginliik hayatta
karsilasilan sorunlarin ¢dziimiinde matematigi kullanabilme kapasitesi olarak 6zetlemistir. MOY,
yasamimiz ile ugrasmada ve yol géstermede matematiksel bilginin kullanimidir (Evans, 2017). MOY
ogrencilerin fikirleri etkili sekilde analiz etme, dogrulama, iletisim kurma, farkh sekil ve durumlarda
verilen problemleri formullestirme, ¢ézme ve yorumlama becerilerine odaklanir (Lailiyah, 2017).
MOY’nin matematiksel becerileri ve gelecekteki yasamda kullanilabilecek anlayisi vurgulama amaci
giudilmekle birlikte, niyet sadece alisveris gibi basit faaliyetlerde yer alan basit matematige atifta
bulunmak degildir. Ayni zamanda matematigi en yiksek teknik meslek dallarinda kullanma hazirhgini da
kapsamaktadir (Stacey, 2011).

Matematik okuryazarligina sahip bir bireyde olmasi gereken becerilerin ve yeterliklerin ne oldugu
yéniinde bazi yaklasimlar gériilmektedir. Ornegin; Kilpatric (2001) matematiksel yetenek olarak;
kavramsal anlama, islemsel akicilik, stratejik yetenekler, uyarlayici muhakeme ve Uretici egilim gibi
asamalarin oldugunu belirtmistir. NCTM (2000), okul matematigi icin yayinladigi standartlarda MOY
yeteneginin 6nemini ortaya koymustur. Goos (2007) ise MOY modelinde; verilen bir durumda (baglam),
gerekli bilgi ve teknikleri (matematiksel bilgi), bu bilgileri kullanmada 6z giiven ve istekli olma (mizag),
onlarin sonuglarini ya da bilgileri sunmada degerlendirebilmeli (elestirel oryantasyonu) ve ayni zamanda
bir kisi temsillerin, fiziksel ve dijital araglari genis kapsamda kullanabilmeye ihtiya¢ duymahdir (Akt.,
Bennison, 2015). Temsil etme, manipilasyon, muhakeme ve problem ¢6zme gibi siirecler Pugalee’nin
(1999) MOY modelinde matematik yapmada 6nemli siiregler olarak belirtiimektedir. Ayrica modelde
iletisim, teknoloji ve degerler gibi matematik yapmayi kolaylastiran unsurlar yer almaktadir.

PISA calismalarindaki MOY kapsaminda matematiksel sireg, icerik ve baglam unsurlari 6lgme-
degerlendirme cercevesinde g6z onine alinmaktadir (OECD, 2013). PISA 2012 MOY kapsaminda (g
matematiksel siireg belirtilmistir: Durumlari matematiksel olarak formillestirme, matematiksel kavram,
olgu, slire¢ ve akil ylriutmeleri ise kosma ve matematiksel c¢iktilari yorumlama, uygulama ve
degerlendirme (OECD, 2013, s.28-30). PISA 2012’de MOY’nin matematiksel icerigini olusturan doért konu
alani ya da boélim bulunmaktadir: Degisim ve iliskiler, uzay ve sekil, ¢okluk ve belirsizlik ve veri (OECD,
2013, s.33-35). Ayrica PISA calismasindaki MOY’nin 6l¢iminde matematigin kullanildigi durumlar yani
sorularin baglami ele alinmaktadir. Kisisel, mesleki, toplumsal ve bilimsel baglamlar PISA MOY
kapsaminda dusinilen baglamlardir (OECD, 2013). PISA 2012 matematik testinde, kagit-kalem testi icin
Uc tip madde formati kullanilmistir. Bunlar; (i) acik uglu ya da yapilandiriimamis madde, (ii)
yapilandiriilmis madde ve (iii) ¢coktan se¢meli maddelerdir. Matematik ve fendeki test 6geleri, gercek
diinya durumunu veya problemini tanimlayarak baslayan birimler halinde gruplandirilir. Bu metin, resim,
grafik veya tablolardaki bilgileri icermektedir. Daha sonra birkag madde bu durumla ilgili olarak sorulur
(Stacey, 2010).

Ogrencilerin MOY’de ki basari diizeylerinin diisiikligl 6grenci, program, 6gretmen basta olmak {izere
bircok faktorden etkilenebilir. Bu faktorler arasinda 6gretmen, hem programi uygulayan kisi hem de
performansi Uzerinde kolayca tedbir alinabilecek bir faktor olmasi bakimindan énem arz etmektedir
(Altun & Akkaya, 2014). Bennison’un (2015) 6gretmenlerin MOY’yi gelistirmelerine yonelik 6nerdigi
modelde su etki alanlari ve 6zellikleri bulunmaktadir: 1) bilgi (matematik alan bilgisi (MAB), pedagojik
alan bilgisi (PAB), program bilgisi (PB); 2) duyussal (okuryazarligin kisisel kavrayisi, matematige yonelik
tutum, okuryazarligi icsellestirmede alinan hazirlik); 3) sosyal (okul toplulugu, mesleki topluluk); 4)
yasam tarihi (matematigin gec¢mis deneyimleri, 6gretmen adaylari programi, 6nceki 6gretim
deneyimleri) ve 5) baglam (okul politikalari, kaynaklar). Del Prado Hill, Friedland ve McMillen (2016)
(2016) ise calismalarinda; MOY planlama c¢ergevesi ve MOY uygulama kontrol listesi olmak tzere iki
yaratici arag ortaya koymuslardir.
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ilgili literatiirde vyapilan arastirmalar ile MOY’nin ne oldugu, tanimi, énemi, gelistiriimesi ve
Ogretimindeki yaklagimlara yonelik matematik ve matematik 6gretmeni adaylarinin gorugleri ortaya
konmustur (Geng & Erbas, 2017; Machaba, 2018; Lestari, Juniati & Suwarsono, 2017; Pilten, Divrik,
Pilten & Ebret, 2016; Sefik & Dost, 2016; Ozgen & Kutluca, 2013). Ayrica yapilan ¢alismalarda MOY’ye
uygun 6gretim programi ve MOY’de ki basari disiklGginin nedenleri sorgulanmaya calisilmistir (Altun
& Akkaya, 2014). Ancak yapilan ¢alismalarda MOY’nin gelistirilmesi ya da olclilmesine yonelik nasil
sorularin kullaniimasi gerektigine iliskin arastirmalarin sinirh kaldigi gériilmektedir.

Yapilan c¢alismalarda, MOY’ye yonelik soru ve etkinlik gelistirme siregleri gesitli arastirmacilar
tarafindan incelenmistir (Julie, Sanjaya & Anggoro, 2017; Kamaliyah, Zulkardi & Darmawijoyo, 2013;
Kohar, Zulkardi & Darmawijoyo, 2014; Malasari, Herman & Jupri, 2017; Novita & Putra, 2016; Novita,
Zulkardi & Hartono, 2012; Oktiningrum, Zulkardi & Hartono, 2016; Somakim, Suharman, Madang &
Taufig, 2016). Ancak yapilan ¢alismalarin cogunda soru ve etkinlik gelistirme uygulayicilar yani 6gretmen
ya da Ogretmen adaylari tarafindan degil arastirmacilar tarafindan yapilmistir. Bu baglamda, MOY
kapsaminda 6gretmen ya da 6gretmen adaylarinin goris, bilgi ve becerilerinin sinanmasinin 6nemli
oldugu diastinilmastar.

Gunka ilgili literatirde 6grenci (Guler, 2013; Setiawati, Herman & Jupri, 2017) , 68retmen ya da
O6gretmen adaylarinin (Glrblz, 2014; Kabael & Barak, 2016; Saenz, 2009; Ozgen, 2019) MOY’ye yénelik
glcliklerinin oldugu belirlenmistir. Ayrica, Altun ve Bozkurt (2017) tarafindan yurutilen cahismada, Turk
O0grencilerin MOY sorularini ¢oézerken yasadiklari giiclikler, yoéneltilen sorularin yapisal o6zellikleri
Gzerinden olusan faktorler araciligiyla agiklanmaya calisiimistir.

ilgili literatiirde ®&gretmen ve O&gretmen adaylarinin MOY kapsaminda gesitli gérislerinin ve
becerilerinin incelendigi belirlenmistir. Ancak MOY’yi gelistirme ya da 6lgmeye yonelik etkili ve nitelikli
bir sorunun nasil olabilecegi yoniinde 6gretmen ya da 6gretmen adaylari ile yapilmig arastirmalarin sinirli
oldugu anlasiimaktadir. Bu dogrultuda, lisans egitimlerinde MOY egitimi almis 6gretmen adaylarinin
MOY’ye yonelik etkili ve nitelikli sorulara yénelik bilgi, beceri ve yaklasimlarinin nasil oldugunu ortaya
koymanin énemli oldugu dusiinilmustir. Clnkl 6grenenlerin MOY dizeylerinin gelistiriimesinde énemli
faktér olan 6gretmenlerin MOY sorularina yonelik yeterli diizeyde kuramsal bilgi ve soru gelistirme
becerilerine sahip olmalari beklenmektedir

Arastirmanin Amaci

PISA calismalarinda MOY’yi 6lcme kapsaminda icerik, slreg, baglam ve diizey gibi kavramlarin
karsimiza ciktig1 gortilmektedir (OECD, 2013). PISA galismalarinda kullanilan MOY sorulari gesitli bilimsel
sireglerden gegmektedir ve alaninda gesitli uzmanlarin incelemesi ve pilot uygulamalar sonucu nihai
seklini almaktadir (Tout & Spithill, 2015). PISA test gelistirme sureci bir dongi halinde su basamaklardan
olusmaktadir: Baslangi¢ (tanimlama, hazirlik), madde yazarlarinin egitimi, takimlar tarafindan taslak
maddelerin yazimi, inceleme sireci; paneller, bilissel laboratuvarlar / pilot ¢alismalar, madde dizeltme,
ceviri-inceleme, nihai maddeye karar verme, psikometrik analizler, madde secimi, son karar- nihai
maddeler (Tout & Spithill, 2015, s.149). PISA ¢alismasinda MOY soru tasariminin bircok uzmanin katilimi
ve bircok asamadan gectigi goriilmektedir. Ogretmenlerin bu test gelistirme siireglerini oldugu gibi tek
baslarina yapmalari ¢ok miumkin degildir. Ancak 6grencilerin MOY’lerini gelistirmede ve Olgmede
sorumlu olan 6gretmenlerin siniflarinda etkili MQOY sorularini tasarlamalari ve uygulamalari igin bir
ihtiyag oldugu gorilmektedir. Clnkl PISA ¢alismalarinda yapilan blyik o6lgekli soru tasariminin
ogretmenler tarafindan gergeklestirilmesi cok glictlir. Ayrica matematik ders kitaplarinda verilen
sorularin MOY’ye uygunlugu ve 6grencilere uygunlugu ayri sorunlar olarak goriilebilir. Bu nedenlerden
dolayi 6gretmenlerin MOY’ye yonelik soru tasariminda bilgi, beceri ve deneyimlere sahip olabilmeleri
icin daha uygulanabilir ve etkili bir yaklasima ihtiyag vardir.

Yapilan bazi ¢alismalarda PISA’da uygulanan MOY sorularina benzer sorularin gelistirildigi ve
uygulandigi belirlenmistir (Demir & Altun, 2018; Glirbliz, 2014; Julie et al., 2017; Kamaliyah et al. 2013;
Kohar et al.,, 2014; Malasari et al., 2017; Novita & Putra, 2016; Novita, Zulkardi & Hartono, 2012;
Oktiningrum et al., 2016; Somakim et al., 2016). Yapilan ¢alismalarda MQY soru ve etkinlikleri, uzman
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gorusi alma, 6on uygulama, alan taramasi gibi yontemler ile gelistiriimeye cahsilmistir. Ancak bu
¢alismalarda gelistirilen MOY sorularinin niteligini ve etkililigini belirlemeye yonelik bir 6lgme aracinin
olmadig belirlenmistir. Ancak ¢alismalarin sonuglarindan yola gikarak matematik egitimcilerinin MOY
sorusu tasarimi igin bir kilavuz ya da rehbere ihtiyaclari oldugu gorulmistir. Baska bir deyisle,
egitimcilerin, 6gretmenlerin ya da kitap, sinav ve kaynak tasarlayanlarin kullanabilecekleri MQOY
sorusunun etkili ve uygunlugunu dlgmeye yonelik bir araca ihtiyag¢ oldugu sdylenebilir. MOY’yi gelistirme
ve Olgmeye yonelik soru tasariminda kullanilabilecek bir kontrol listesinin matematik egitimcilerine
rehberlik yapacag ve etkili, nitelikli MOY sorularinin gelistirilmesine katkilar sunacagi distintilmektedir.

Bu arastirmanin birinci asamasinin amaci, matematik 6gretmeni adaylarinin MOY’yi gelistirmeye ve
olgmeye yonelik hazirlanan bir sorunun etkili ve nitelikli olmasi igin hangi Ozelliklere sahip olmasi
gerektigine yonelik goruslerini incelemektir. Ayrica 6gretmen adaylarinin MOY’yi gelistirmeye ve
olgmeye yonelik hazirladiklari sorularda bu 6zellikleri ne derece uyguladiklarini belirlemektir. Bu amag
dogrultusunda asagidaki problemlere yanit aranmistir.

e Ogretmen adaylarinin MOY'yi gelistirmeye ve dlgmeye yonelik soru tasarimina iligkin goriisleri nedir?
e Ogretmen adaylarinin MOY'yi gelistirmeye ve dlgmeye yonelik soru tasarimina iliskin becerileri nedir?

Arastirmanin ikinci asamasinin amaci ise, MOY’yi gelistirme ve 6lgmeye yonelik soru tasariminda
kullanilabilecek gecerli ve glivenilir bir kontrol listesi gelistirmek ve bu araci bir uygulama ile
gostermektir.

Yoéntem
Arastirma Modeli

Bu arastirma iki asamali olarak yapilandirilmistir. Yapilan arastirmanin birinci agamasi 6zel durum
galismasi modeli ile yiritilmistir. Ozel durum calismalarinda gergek ortamdaki davranis ve anlami
konusunda yeni bir seylerin 6grenmesine dayali degerli ve derinlemesine anlamayi -yani durumlarin
anlasilir bir sekilde degerlendirilmesi- ortaya g¢ikarmayi amaclar (Yin, 2017, s.4). Arastirmanin amaci,
matematik 6gretmeni adaylarinin MOY’ye yoénelik soru tasariminin etkili ve nitelikli olabilmesi icin hangi
ozelliklerin olmasi gerektigini incelemek oldugundan bu model benimsenmistir. Calismada matematik
o6gretmeni adaylarina verilen “Matematik Okuryazarligl” dersi egitimi sonrasinda etkili MOY sorusunun
sahip olmasi gereken niteliklere yonelik gorisleri sorgulanmistir. Ayrica MOY sorusu tasarimina yonelik
belirttikleri gorugslerini soru tasarimina ne derece yansittiklarini incelemek igin bir MOY sorusu
tasarlamalari istenmistir.

Arastirmanin ikinci asamasinda ise birinci asgamanin devami olarak kontrol listesi tasarimi yapilmistir.
MOY soru tasariminda kullanmaya yonelik gelistirilen kontrol listesinin tasarim asamalari su sekilde
belirlenmistir: ilgili literatiirii inceleme, uzman gériisii alma, 6gretmen adaylarindan gériis alma, taslak
formu olusturma, uzman ve 6gretmenlerden goriis alma, nihai formu olusturma ve érnek bir uygulama.

Katilimcilar

Bu arastirmanin birinci asamasi, bir devlet Universitesinin matematik egitimi lisans programinin 2.
sinif ve gliz doneminde se¢meli dersi olarak yer alan “Matematik Okuryazarligl” dersi sirecinde
ylritilmistdr. Bu arastirmanin ¢alisma grubunu, lisans egitiminde yer alan matematik okuryazarligi
dersine katilan 11 bayan ve dokuz erkek toplam 20 matematik 6gretmeni adayi olusturmaktadir.
Arastirmanin katilimcilarinin olusturulmasinda amacgli 6rnekleme yontemlerinden 6l¢lit 6rnekleme ile
matematik okuryazarligi dersini almis olmalari 6lgiit olarak belirlenmistir. Arastirmada matematik
ogretmeni adaylari, matematik okuryazarhg dersi siirecinden sonra bireysel olarak matematik
okuryazarligl sorusuna yonelik goris bildirmislerdir ve bu gorisler dogrultusunda adaylardan birer soru
gelistirmeleri istenmistir.
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Arastirmanin ikinci asamasinda ise, lisanslstli egitiminde yer alan matematik okuryazarligi egitimi
almis iki bayan ve Ulg¢ erkek toplam bes matematik O6gretmeni katilim gdstermistir. Arastirmanin
katilimcilarinin olusturulmasinda amagl érnekleme ydntemi ile matematik okuryazarhgi dersini almis
olmalari 6lgut olarak belirlenmistir. Ayrica uzman gorusi icin matematik egitimi alaninda uzman iki kisiye
gorusleri sorulmustur. Uzman kisilerin matematik okuryazarhg ve etkinlik gelistirme alanlarinda
deneyimli olmalarina yani bilimsel arastirmalara sahip bireyler olmasina dikkat edilmistir. Katihmcilarin
arastirmaya katiliminin zorunlu olmadigi ve gondllilik esasina dayandigi belirtilmistir.

Veri Toplama Araglari

Matematik okuryazarligi dersi siirecinde MOY ile iligkili teorik yapi verilmistir ve uygulamali olarak
cesitli etkinlikler gergeklestirilmistir. Bu dogrultuda 6gretmen adaylarinin matematik okuryazarligini
olgmeye yonelik soru tasarimindaki gorisleri belirlemek icin toplam dort sorudan olusan yapilandiriimis
gorisme formu olusturulmustur. Bu form ile etkili ve nitelikli bir MOY sorusunun sahip olmasi gereken
niteliklerin neler oldugu sorgulanmistir.

Matematik okuryazarligini gelistirmeye ve 6lgmeye yonelik hazirlanan bir sorunun etkili ve nitelikli
olmasi icin hangi Ozelliklere sahip olmahdir? Matematiksel okuryazarlk sorusu nasil yazilmalidir?
Gerekgeleri ile kapsamli olarak agiklayiniz ve somut matematiksel 6rnekler gosteriniz.

Gorigsme formundaki bu soru ile 6gretmen adaylarinin MOY sorusunun sahip olmasi gereken
ozelliklerini belirtmeleri ve neden bu 6zelliklere sahip olmasi gerektigini gerekgeleri ile kapsaml olarak
somut matematiksel Ornekler yardimiyla acgiklamalari istenmistir. Ayrica matematik 6gretmeni
adaylarinin MOY sorularina iliskin gorislerinin yaninda bir MOY sorusu tasarlamalari istenilmistir.

Etkili ve nitelikli bir sorunun o6zelliklerini disinerek matematik okuryazarligini 6lgebilecek bir
matematik problemi gelistiriniz ve ¢6zlinliz? Gelistirilen sorunun etkili ve nitelikli olmasi icin hangi
ozellikleri igerdigini gerekgeleri ile agiklayiniz? Problemi PISA’ da ki 6l¢gme kriterleri agisindan agiklayiniz.

Bu ¢alismanin birinci asamasinda veri toplama araci, matematik 6gretmeni adaylarinin MOY’ye
yonelik soru tasarimina iliskin goriisleri ve MOY sorusuna ornek olabilecek tasarladiklari sorulardan
olusmaktadir. Ogretmen adaylarinin érnek MOY sorusunu bireysel olarak gelistirmeleri istenilmistir.
Ogretmen adaylarinin tasarladiklart MOY sorusu drneginde, herhangi bir matematiksel igerik, baglam ve
siire¢ acisindan sinirlama yapilmamistir. Bu dogrultuda matematik okuryazarligini 6lgmeye yonelik bir
MOY sorusu tasarlamalari sorgulanmistir.

Ayrica arastirmanin ikinci asamasinda, matematik 6gretmenlerinin, MOY soru tasariminda
kullanmaya yonelik gelistirilen kontrol listesinin taslak formuna yonelik gorisleri toplanmistir. Kontrol
listesinin taslak formuna yonelik gorisleri belirlemek amaciyla bir gérisme formu hazirlanmistir. Bu
formda taslak formda yer alan her bir maddenin uygunlugu (uygun, kismen, uygun degil) agisindan goris
bildirmeleri ve gerekgeleri ile kapsamli agiklamalar yapmalari istenmistir. MOY soru tasariminda
kullanmaya yonelik gelistirilen nihai kontrol listesi olusturulduktan sonra bes matematik 6gretmenine bir
adet PISA 2012 calismasinda ¢ikan MOY sorusu (Doner Kapi) ve iki adet (Yaris Pisti, Cay) matematik
uygulamalari dersi kitaplarinda yer alan toplam Ug¢ soru ve kontrol listesi birlikte yoneltilmistir.
Ogretmenlerden (ic MOY sorusunu incelemeleri ve bu sorulari kontrol listesindeki maddeler agisindan
degerlendirmeleri istenmistir.

Verilerin Toplanmasi

Bu arastirma, matematik egitimi lisans programinda yer alan matematik okuryazarhg dersi
kapsaminda 6gretmen adaylari ile yapilmistir. Matematik okuryazarhg dersi sirecinde uygulama
arastirmaci tarafindan sinif ortaminda ve 14 haftalik bir donem boyunca haftada (g saatlik bir zaman
diliminde gerceklestirilmistir. Arastirma igin veri toplama asamasi donem sonundaki son iki haftada
gerceklestirilmistir. Arastirmanin problemine yanit aramak icin katilimcilardan bireysel olarak gorus
bildirmeleri ve MOY’ye yonelik soru tasarlamalari istenmistir.
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Arastirmanin gerceklestirildigi MOY dersi siirecinde oncelikle matematik okuryazarligi ile ilgili
kuramsal bilgiler sunulmustur. MOY’nin tanimi, bilesenleri, sireg, baglam, igerik, diizey gibi hususlara
yonelik PISA c¢ercevesinde kuramsal bilgiler verilmistir. Ayrica MOY’nin 6nemi ve 0gretim
programlarindaki yeri ve yansimalarina deginilmistir. MOY ile ilgili kuramsal bilgiler Gzerinden genellikle
sinif tartismasi yapilmistir. Ozellikle PISA ¢alismasinin kuramsal yapisi ve buna bagh dlgme cergevesi
incelenmistir. Bundan sonra 6gretmen adaylarinin bireysel ya da grupla hazirlamis olduklar gesitli sinif
ici ve dis etkinlikler gergeklestirilmistir. Gegmis yillarda PISA c¢alismasinda matematik okuryazarligini
olgmeye yonelik kullanilan sorular arastirmaci tarafindan goésterilmistir ve 6gretmen adaylarinin da gesitli
MOY sorulari tasarlamalari istemistir. MOY dersi kapsaminda; matematik okuryazarliginin tanimi,
bilesenleri, igerik, baglam, sure¢ bilesenleri, 6nemi, olgtilmesi, diger okuryazarlk turleri iligkisi ve
matematik dersi 6gretim programlarina yansimalari gibi konular ele alinmistir. Ders siresi boyunca
katimcilar ile sinif ici ve disinda 6dev ve uygulama tarzinda MOY soru tasarimina yonelik 6gretimsel
uygulamalar yapilmistir.

Verilerin Analizi

Ogretmen adaylarindan elde edilen veriler icerik analizi teknigi ile incelenmistir. icerik analizinde
amag arastirmada elde edilen verileri 6nce kavramsallastirmak ve daha sonra olusturulan kavramlari
mantikli bir sekilde dizenlemek bundan da veriyi agiklayan temalar belirlemektir (Yildirm & Simsek,
2005). Matematik 6gretmeni adaylarinin MOY’ye y6nelik sorularin sahip olmasi gereken 6zelliklere iliskin
gorisleri nitel analiz ile incelenmistir. Ogretmen adaylarinin MOY sorusunun niteliklerine yénelik
gorislerinin analizinde igerik analizi teknigi ile analiz yapilmistir. Matematik 6gretmeni adaylarinin MOY
sorusuna yonelik gorislerinden elde edilen verilerin analizinde amag; birbirine benzeyen verileri belirli
kavramlar ve temalar altinda bir araya getirip, sistematik bir yaklasim ile dizenleyip yorumlamaktir.
Katihmcilarin ~ gorislerinden elde edilen verilerin igerik analizinde; verilerin  kodlanmasi,
kategorilerin/temalarin bulunmasi, kodlarin ve kategorilerin diizenlenmesi ve bulgularin tanimlanmasi
ve yorumlanmasi seklinde islemler yiratilmastir (Yildinm & Simsek, 2005). Katilimcilarin MOY sorusuna
yonelik gorusleri “genel bir gergeve iginde yapilan kodlama” yaklasimi benimsenerek kodlama islemi
gerceklestirilmistir. Bu kodlama yaklasimina gore veri analizinden 6nce genel bir kavramsal yapi
olusturulur ve kodlama yapilir. Ancak kodlama yapilirken yeni kodlar ortaya cikabilir (Yildirim & Simsek,
2005).

Arastirmanin veri analizinde PISA c¢alismasinda verilen kuramsal temeller c¢erceve olarak
benimsenmistir. Arastirmadaki veri analizinde PISA g¢alismasinda MOY’ye iliskin matematiksel igerik,
baglam, siireg ve diizey unsurlari hazir kategoriler olarak alinmistir (OECD, 2013). Ayrica bu kategorilerin
diginda verilerin analizi sonucunda ortaya gikan yapi kategorisi belirlenmistir.

MOY sorusuna yonelik belirtilen gorislerin analizinde betimsel istatistiklerden olan frekans ve
yizdeden vyararlanilmistir. Ogretmen adaylarinin belirlenen kategori ve kodlara yénelik belirtikleri
goriislerden dogrudan alinti yoluyla érneklemeler yapilmistir. Ayrica matematik 6gretmeni adaylarinin
MOY sorusuna yonelik belirtikleri gorisler dogrultusunda tasarlamis olduklari MOY sorularindan
dogrudan alintilar gosterilmistir. Arastirmada MQY sorusunun sahip olmasi gereken niteliklere yonelik
ortaya c¢ikan kategorilerin anlasilmasi amaciyla Ogretmen adaylarinin tasarlamis olduklari MOY
sorularindan dogrudan alintilara yer verilmistir ve aciklayici yorumlar sunulmustur. Matematik
o6gretmeni adaylarina “S1, S2, ...” ve 6gretmenlere ise “T1, T2 ...” gibi kodlar verilerek gergek isimleri
gizlenmistir. Creswell’e (2013) gore nitel arastirmada gecerlik; detayh yogun bir betimleme, Gcgenleme
ve dis denetim gibi bazi stratejiler kullanilabilir. Bu arastirmada da verilerin analizinin gegerligi icin ¢oklu
ve farkli kaynaklardan kanitlar sunulmaya cahisilmistir (6gretmen adaylarinin gérusleri ve soru tasarlama
becerileri). Ayrica ¢alismada zengin ve yogun bir betimleme ile ¢alisilan durumu tanimlama ve birbiri ile
iliskilendirme amaglanmistir. Son olarak kontrol listesinin gelistirme asamasinda uzman goérusi alinarak
gecerlik saglanmaya calisilmistir. Arastirmanin glivenirligini saglamak amaciyla yaziya aktarilmis verilerin
analizi i¢in ¢oklu kodlayicilarin kullanilmasina dayanan, kodlayicilar arasi goris birligine (Creswell, 2003)
bakilmistir. Ogretmen adaylari tarafindan MOY sorusuna yénelik belirtilen gériisler ve érneklerden elde
edilen veriler arastirmaci/lar tarafindan farkli zamanlarda incelenmistir. Kodlayicilar arasi goris birligi
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yliksek oranda anlasma yiizdesi elde edilmistir ve elde edilen verilerin analizinin glivenirligi saglanmaya
calisiimistir. Ogretmen adaylarinin gérislerinden farkl zamanlarda yapilan kodlamalar sonucunda %81.5
gibi bir yuzde ile kodlama uyusum yiizdesinin oldugu belirlenmistir. Bu uyusum yuzdesi veri analizinin
guvenirligi agisindan kabul edilebilir bir ylzde olarak gorilmektedir.

Bulgular

Ogretmen Adaylarinin MOY Sorusunun Niteliklerine Yonelik Goriisleri ve Becerileri

Tablo 1’e gore 6gretmen adaylarinin icerik kategorisinde en fazla belirttikleri gorlis; MOY sorusu igin
matematiksel igerigin glnlik hayattan bir problem ile sunulmasi, tir ve kapsaminin belirlenmesi
seklinde olmustur. Asagida verilen dogrudan alinti tiir ve kapsam kategorisinde degerlendirilmistir.

Tablo 1.

MOY sorularinin niteliklerine yénelik 6gretmen adaylarinin gériisleri.

Kategori Kod f %

icerik Tirl ve kapsami belirlenmeli 11 55
Gunlik hayattan bir problem ile sunulmall 11 55
Matematiksel diislinmeyi yansitmali 8 40
Farkh temsiller kullanilmal 6 30
Kavramsal-islemsel bilgi dengelenmeli 6 30
Teoriden ¢ok uygulamayi yansitmali 5 25
On 6grenmelere uygun olmali 4 20

Baglam Taru ve kapsami belirlenmeli 13 65
Gunluk hayat ile iligkili 11 55
icerik ile uygunluk 5 25
Farkli disiplinler ile iligkili 3 15
Okul matematigi ile iliskili 3 15

Sireg Akil yiritme - ispat 15 75
Tiirl ve kapsami belirlenmeli 10 50
iliskilendirme 9 45
Formiillestirme 7 35
Problem ¢6zme 7 35
Modelleme 6 30
Bilissel beceriler (analiz, sentez, karsilastirma) 6 30
Matematiksel dil ve iletisim 5 25
islemsel beceri 3 15

Dizey Uygun diizeyde gigliik 9 45
Uygun diizeyde karmasikhk 8 40
Saydam, acik, net, anlasilir 6 30

Yapi Acik-uglu 10 50
Coktan se¢meli 4 20
Dogru yanlis 4 20
Farkh madde tipleri icermeli 4 20
ilgi cekici, merak uyandirici, arastirma odakl 1 5

$16: Matematiksel icerik belli olmali (nicelik, uzay-sekil, degisim-iliski, belirsizlik). Ornek olarak eger
bir 6grencinin matematikle baglantili olarak gorsel zekasini 6lgmek ve gelistirmek istiyorsak bunu uzay
sekil icerigine sahip bir soruyla yapabiliriz.

Ogretmen adaylarina gdére MOY sorusunun tasariminda &ncelikle matematiksel icerik yani icerigin
tlrd ve kapsami belirlenmelidir. Bircok 6gretmen adayinin goruslerinde de PISA’daki matematiksel icerik
(nicelik, uzay-sekil, degisim-iliski, veri-belirsizlik) boyutlarindan s6z edilmektedir. Bununla birlikte bu
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calismadaki matematik 6gretmeni adaylarinin yaridan fazlasi, matematiksel icerigin glinlik hayattan bir
problem ile sunulmasi gerektigi yoninde goruslerini agiklamiglardir. Bu dogrultuda 6gretmen adaylar
MOY sorusunun matematiksel teoriden ¢ok uygulamayi yansitmasi gerektigini séylemislerdir.

S6: Etkisi olmasi icin de yazilan problemin daha g¢ok glinliik hayati kapsayan problemler olmasi
sorunun daha etkili ve anlasilir olmasini saglayacaktir.

S5: Matematik okuryazarhginda teorik bilgiden ziyade pratige dokilmesini, glindelik hayatta islerimizi
kolaylastirici yonleri ele alinmaktadir.

Bununla birlikte 6gretmen adaylarina gore etkili bir MOY sorusunun matematiksel distinmeyi
yansitmasi gerektigini bildirmislerdir. Ogretmen adaylarindan S10 ve S19 ise tasarlanacak MOY
sorusunda matematiksel icerigin hedeflenen 0Ogrencilerin 6n 6grenmelerine uygunlugundan soz
etmiglerdir.

$10: Soruyu 6grencilerin seviyesini goz 6niinde bulundurularak hazirlanmaldir.
$19: Soru sorulacak kisinin sinif kazanim seviyesine uygun olmal.

Arastirmadaki 6gretmen adaylarina gore MOY tasarimindaki matematiksel icerik ile iliskili dikkat
edilmesi gereken bir diger husus ise sorularda farkli temsillerin kullanilmasi seklinde olmustur.
Matematiksel icerik kategorisinde son olarak 6gretmen adaylari, MOY sorusunun kavramsal ve islemsel
bilgileri dengeli bigimde yansitmasi gerektiginden s6z etmislerdir.

S1: Farkh temsiller kullanilarak ¢ézimu olan sorular.

$13: Matematik okuryazarliginin élgiilmek istenildigi alan sinirlandiriimamalidir. Ornegin; égrencinin
islem yetenegi mi Olgllmek isteniyor yoksa grafik yorumlamasi mi veya glnluk bir problemi
matematiksel siirecler halinde nasil iliskilendirecegi mi 6lclilmek isteniyor seklinde sorunun sinirlari
olmalidir.

Asagida S12 matematik 6gretmeni adayinin tasarlamis oldugu MOY sorusundan dogrudan alintiya
yer verilmistir.

Ders Saat

Matematik 13:00 - 15:00
Edebiyat 11:50 - 13:50
Bilgisayar 12:30 -14:00
Fizik 10:15-12:15
Satrang 09:50-11:50
ingilizce 10:30 — 12:00

S$12: Yukaridaki tabloda bir okulun Cumartesi glint 6grencilere verdigi kurslardaki dersler ve saatleri
yer almaktadir. Bir 8grenci en fazla kag¢ derse kayit olabilir? Ogrenci katilmak istedigi dersleri kag farkli
sekilde segebilir?

S$12 matematik 6gretmeni adayi tarafindan gelistirilen MOY sorusunun gilinlik hayat ile iliskili bir
problem durumu seklinde sunulmustur. Bu soruda matematigin kurallari, formilleri ve terimleri yani
teorisinden ¢ok uygulamasinin 6n plana c¢iktigi soylenebilir. Ayrica verilen durum ile 6grencilerin
matematiksel diisinmelerini canlandiracak ve ortaya ¢ikaracak bir problem s6z konusudur. Tasarlanan
soru farkh temsiller agisindan tablo ile sunulmus ve ¢6zimi icin diger temsillerin kullanimina firsat
vermektedir.

Ogretmen adaylarinin baglam kategorisinde en fazla belirttikleri gériis; MOY sorusu igin
matematiksel baglamin glnlik hayatla iliskili olmasi ve tir ve kapsaminin belirlenmesi seklinde
olmustur.

S16: Bir baglami olmali (kisisel, mesleki, toplumsal, bilimsel).
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$12: Ogrencinin problemi giinliik hayatla bagdastirmasi icin belli bir baglama sahip olmalidr.

S5: Toplumda, meslek hayatinda ve kisinin hayatinda karsilastigi durumlar ele alinmalidir (Enflasyon,
secimler, alisveris, hava durumu ...).

Arastirmadaki katilimcilarin goruslerinden MOY sorusu tasarlamada 6ncelikle bir baglamin tiirG ve
kapsaminin karar verilmesinde PISA c¢alismasinda sozi edilen baglamlara (kisisel, mesleki, toplumsal,
bilimsel) vurgular yaptiklar gériilmektedir. Katihmcilar MOY sorusunun baglaminin tiiriinde ise daha ¢ok
ginlik yasamla iliskili olmasi niteligini 6n plana ¢ikarmislardir. Ayrica bu calismadaki 6gretmen
adaylarindan bazilari ise MOY sorusunun farkli disiplinler ve okul matematigi ile iliskili olmasina yonelik
gorus bildirdikleri saptanmistir. Katilimcilardan bazilari ise MOY sorusunun tasariminda matematiksel
icerik ile belirlenen baglamini birbirine uyumlu olmasi gerektigi yoniinde goris belirtmislerdir.

S2: Matematik okuryazarhg, tretken, sorgulayan bireylerin bugiin ve gelecekte karsilasabilecekleri
sorunlari matematiksel slreclerden gecirerek degerlendirdigi ve ¢oziime ulasabilme kapasitesidir.
Dolayisiyla Matematik okuryazarhigini 6lgmek icin bireye ginlik yasamda karsisina gikabilecek ve onu
matematiksel muhakemeye itecek sorular sorulmalidir.

$10: ... sorunun okulda 6grenilen matematik ile ilgili olmakla birlikte glinlik hayattan olmalidir.

S17: Yani bir kisinin matematik okuryazari oldugunu anlayabilmek igin hazirlanan soru kapsaml,
matematik iceriklerini, stireglerini, baglamlarini birbiriyle uyumlu seklinde olmaldir.

Asagida S14 matematik 6gretmeni adayinin tasarlamis oldugu MOY sorusundan dogrudan alintiya
yer verilmistir.

S14: Merve yeni aldigi bir rafa matematik, geometri, fizik, kimya, biyoloji, tarih ve cografya kitaplarini
yerlestirmek istemektedir. 5 kath rafa bu kitaplari asagidaki gibi yerlestirmek istemektedir. Her rafa en
fazla 2 kitap yerlestirilecek. 3. rafta sadece matematik kitabi olacak. Fizik ve kimya kitaplari matematik
kitabinin alt raflarinda olmayacak. Tarih ve cografya kitaplari ayni rafta ve fizik kitabinin tistinde olacak.
Tiirkge kitabinin yaninda da higbir kitap olmayacak. Buna gére geometri kitabi hangi raflarda olabilir?

Yukarida S14 6gretmen adayi tarafindan tasarlanan MOY sorusunda gilinliik hayatla iliskili bir durum
s6z konusudur. Bu MOY sorusu gunlik hayatla iliskili bir problem durumu seklinde sunulmustur.
Baglamsal agidan tasarlanan bu MOY sorusunun giinlik hayat baglamlarina uygun oldugu sdylenebilir.
Ayrica bu soruda matematiksel agidan sayma, se¢me ve siralama gibi matematiksel igeriklerin
hedeflendigi anlasiimaktadir. Tasarlanan bu soruda hedeflenen matematiksel icerik uygun bir baglam
icerisinde ortaya konulmustur.

Ogretmen adaylarinin siireg kategorisinde en fazla belirttikleri gériis; MOY sorusu i¢in matematiksel
siire¢ becerilerinden akil ylritme-ispat siire¢ becerilerini icermesi gerektigi seklinde olmustur.
Ogretmen adaylarinin  MOY sorusunu niteliklerine ydnelik gérisleri igcinde matematiksel siireg
becerilerinde Oncelikle hedeflenen becerilerin tiirii ve kapsaminin belirlenmesi gerektigi seklinde
belirtmislerdir.

$19: .. ogrencilerin sahip olmasini istedigimiz becerileri (islem, formdillestirme, akil yiritme,
muhakeme, kiyas vb.) 6lcmeye donik olmalidir.

Katihmcilarin matematiksel siire¢ becerilerine yonelik gorislerinde daha g¢ok PISA galismasindaki
olgme cgercgevesinde yer alan becerilerinden soz ettikleri gorilmektedir. Ayrica bu s6zi edilen 6lgme
cercevesinde dogrudan olmasa bile dolayli s6zii edilen becerilere yonelik gorislerin ortaya ciktig
anlasilmaktadir. Arastirmada katilimcilarin biiyik ¢ogunlugu bir MOY sorusunda akil yUritme-ispat
becerilerine yer verilmesi gerektigini vurgulamislardir.

$19: islem, akil yirtitme, muhakeme, karsilastirma vb. becerileri kapsayacak nitelikte olmalidir.
Bununla birlikte o6gretmen adaylarinin bilylik c¢ogunlugu da MOY sorusunda 0&grencilerin

matematiksel iliskilendirme becerilerini ortaya ¢ikaracak sekilde tasarimina vyonelik gorisler
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bildirmislerdir. Ayrica matematik 6gretmeni adaylarinin problem ¢6zme, modelleme ve formullestirme
becerilerinin MOY sorusunun tasariminda g6z éniine alinmasina yonelik vurgulari bulunmaktadir.

S7: Matematigi anlayip, yorumlayabilmeli, gercek hayatla iliskilendirebilmeli yani matematik
okuryazarlik bilgisi olmalidir.

S1: Formil kullanmadan ziyade problem ¢dzme odakli olmalidir.

Katihmcilardan bazilari ise matematiksel dil ve iletisimin etkili kullaniimasinin MOY sorusu
tasarlamada 6nemli oldugunu bildirmislerdir. Matematiksel siire¢ becerileri kategorisinde son olarak
o6gretmen adaylarinin MOY sorularinda islemsel becerilere yonelik durumlarin olmasi yéninde goris
bildirmiglerdir.

$18: Bireyi diisinmeye, muhakeme yapmaya, elestirel gdzle bakmaya gibi Ust dlizey bilissel siiregleri
iceren ozelliklere sahip olmahdir.

$12: islem yapabilme yeteneginin de &lgiilmesi icin agik-uglu olmahdir.

Ogretmen adaylarinin diizey kategorisinde en fazla belirttikleri gériis; MOY sorusu icin soru
diizeylerine iliskin; uygun diizeyde karmasiklik ve giiglige sahip olmasi seklinde olmustur. Ogretmen
adaylarinin “uygun diizeyde glglik” ile sorularin 6grenciler tarafindan c¢ozilebilme sikhgina yani
¢Ozilebilme oranina vurgu yaptiklar anlasilmaktadir. Ayrica 6gretmen adaylarinin “uygun diizeyde
karmasiklik” ile sorularin ¢ézimiinde gerekli stratejilere, kullanilacak bilgilere ve ¢dziimde atilacak
adimlarin sayisina ve en 6nemlisi sorulardaki yenilik ve 6zgiinliik konularina vurgular oldugu séylenebilir.

S4: Bir soruda matematik okuryazarhgini 6lgmek istiyorsak dncelikle bu soru kapsayici olmalidir.

S13: Soru hazirlanirken her 6grencinin ayni seviyede olmadigini bilmek ve sorulari diizeylerine
ayristirarak hazirlama.

Ayrica katilimcilarin MQOY sorusunun tasariminda sorusunun agik, net ve anlasilir olmasi gibi
niteliklere dikkat edilmesi seklinde goruslerinin oldugu anlasiimaktadir.

S4: Soru anlasilir olmali, net ve iyi secilmis kelimelerden olusmalidir. Ogrenci soruyla karsilastiginda
ikileme dismemelidir. Soru aciklayici olmalidir. Matematiksel okuryazarlik sorusu hitap edecegi yasa
arahigi goz onilinde bulundurularak kelimeler net segilerek, anlasilir bir bicimde yazilmalidir.

Asagida S16 matematik 6gretmeni adayinin tasarlamis oldugu MOQOY sorusundan dogrudan alintiya
yer verilmistir.

§16: Ug adet kibrit ¢opliyle yapilmis bir Giggen verilmistir. Elimizdeki kibrit ¢&pleriyle bir {icgen prizma
yapmak istersek kag adet kibrit ¢opt kullanmis oluruz?

Yukarida S16 matematik 6gretmeni adayi tarafindan gelistirilen MOY sorusu, gilinlik hayat
baglamlarina uygun bir problem ile sunulmustur. Sorunun sunumu ve ¢dziimiinde farkli temsillerin
kullanimi s6z konusu olmaktadir. Tasarlanan soru matematiksel siire¢ becerileri agisindan akil yiiriitme,
problem ¢ézme ve modelleme becerilerini gerektirdigi sdylenebilir. Bununla birlikte MOY sorusu agik
uclu tarzda verilmistir. Ayrica soruda ¢dzim icin gerekli olan bitiln veriler verilmediginden sorunun
karmasikliginin ve giicligiiniin (st diizeyde oldugu séylenebilir. Soru metninde kullanilan dil ve anlatimin
cok etkili oldugu soylenemez. Clinkl sorunun acik, net ve anlasilir olmasi yoniinde bazi sinirlihklari
bulunmaktadir. Ornegin; elimizde yeterli miktarda kibrit ¢dpl var midir? Elimizde bulunan kibrit ¢dpleri
o6zdes midir? Ayrica lGggen prizma yapmak icin kullanilacak kibrit ¢oplerinin en ya da en ¢ok olmasi
durumu nedir? Kibrit ¢dpleri nasil birlestirilecek? Bu ve buna benzer sorularda agiklik ve netlik agisindan
bazi sinirhliklar oldugu gorilmektedir.

Ogretmen adaylarinin yapi kategorisinde en fazla belirttikleri gériis; MOY sorusu icin soru yapisinin
acik-uclu madde tipinde olmasi seklinde olmustur. Onlara gére MOY’nin tanimi, matematigin dogasi ve
hedeflenen 6lcme ve degerlendirme unsurlari gibi nedenlerden dolayr MOY sorularinin daha ¢ok acik-
uglu yapida sunulmasi yoniinde tercih bildirmislerdir.
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S9: Ezbere dislinmek ve formiillerle islem yapmak yerine soruya kendi yorumunu katip, yorumlayip o
sekilde ¢6zlimii olan sorular olmalidir ve sorular bu yiizden agik uglu olmalidir.

Arastirmadaki 6gretmen adaylarina gére MOY sorusu agik-uglu yapida verilmesinin yaninda ¢oktan
secmeli, dogru-yanlis ya da farkli madde tiirlerini iceren bir yapida da tasarlanabilir.

$10: Soru hazirlanirken sorular tek tip degil de birden fazla soru tipi seklinde olabilir. Coktan se¢meli,
dogru-yanlis, agik-uglu.

S13: Hazirlanan sorularin gesitleri farklilik gosterebilir. Agik ucglu, ¢oktan seg¢meli, dogru-yanlis
seklinde tarlere ayrilabilir.

S8 o6gretmen adayl farkli madde tirlerini iceren bir MOY sorusu gelistirerek bu dislncesini
destekledigi goriilmektedir.

S8: Toprak ve kayalik zemin Uzerindeki iki is makinesi ayni anda galismaya basliyor ve yeraltinda
bulunan ayni derinlikteki su borularina ulasmalari sirasiyla 3 ve 4 giin siirmektedir (is makineleri su
borularina ulasana kadar ara vermeden ¢alismaktadir).

Soru-1: Toprak zemindeki is makinesinin indigi derinlik, su borularina kalan mesafenin %'l iken,
kayalik zemindeki is makinesi inmesi gereken toplam derinligin ylzde kagina erismistir?

Soru-2: is makineleri galismaya basladiktan ka¢ saat sonra, toprak zemindeki is makinesinin su
borularina kalan mesafesinin kayalik zemindeki is makinesinin su borularina kalan mesafesine orani 4/5
olur?

A)15 B)18 ()23 D)36 E)44

Ayrica S3 6g8retmen adayr MOY sorularinin daha etkili ve nitelikli olmasi i¢in tasarlanan sorularin ilgi
cekici, merak uyandirici ve arastirma odakli bir yapida sunulmasi yoniinde gorus bildirmistir.

$3: Sorunun &grenci tarafindan ilgi cekici olmasi lazim. Ogrencinin, soruyu giinliik hayatla
iliskilendirebilecegi ve glinliik hayatla ilgili sorunlarin olabilmesine dikkat edilmelidir. Merak ve arastirma
duygusunu artirip, sorunun ¢dziimiine iliskin sorular sorup, arastirmalar yapabilecegi nitelikte olmaldir.

Asagida S1 matematik 6gretmeni adayinin tasarlamis oldugu MOY sorusundan dogrudan alintiya yer
verilmistir.

S1: Ozge’nin elinde ayni uzunlukta 3 tane &zdes ¢ubuk vardir. Birinci gubugun X ucundan a br, Y
ucundan b br kesiyor (a>b). ikinci cubugun her iki ucundan ayni miktarda kesiyor. Uglincii gubugun X
ucundan b br, Y ucundan a br kesiyor (a>b). Buna gore bu islemde cubugun orta noktasi nasil degisir ve
hangi yonde kayar?

Yukarida S1 matematik 6gretmeni adayi tarafindan tasarlanan MOY sorusu agik-uglu bir yapida
sunulmustur. Cubugun orta noktasinin belirlenmesinde var olabilecek farkli durumlarin sorgulanmasi ve
incelenmesini amaglamaktadir. MOY sorusu giinliik hayat baglamlarindan olusan bir problem durumu ile
sunulmustur. Soru 6grenciler igin ilgi ¢ekici, merak uyandirici ve arastirma yapmalarina firsat taniyan bir
ortam saglayabilir. Ayrica soruda orta nokta yani agirlik merkezi ile ilgili durum s6z konusu oldugundan
soruda farkl disiplinler ile iliskilendirme becerilerinin yer aldigi soylenebilir. Matematiksel sireg
becerileri agisindan iliskilendirme, problem ¢6zme, modelleme ve akil yiritme becerilerin yer aldigi bir
soru olarak gorilebilir. Bu soruda islemsel becerilerden ¢ok 6grencinin modelleme yapmasi ve ¢ikan
sonuglari yorumlama becerileri daha baskindir. Tasarlanan soru karmasiklik ve giglik agisindan Ust
diizey bir soru olarak gorulebilir.

MOY Soru Tasarimina Yonelik Kontrol Listesi Gelistirmeye Yonelik Bulgular

Matematik 6gretmeni adaylari ile yapilan goériisme verilerinden yola cikilarak kontrol listesinin
tasarimi icin 5 kategori (igerik, baglam, siureg, diizey, yapi) ve bunlara bagh toplam 30 madde
olusturulmustur. Hedeflenen MOY soru tasarimina yonelik kontrol listesinin taslak hali 30 madde ve 3
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secenekli (evet, kismen, hayir) bir yapida olmasina karar verilmistir. Burada her bir maddenin tasarimi
yapilan soruda bulunup bulunmadigina yonelik secenekler verilmistir. Ayrica her bir maddenin
hedefledigi niteligin aday MOY sorusunda olup olmama durumuna gore “2-1-0” seklinde puanlanmasina
karar verilmistir. MOY soru tasarimina yonelik kontrol listesinin taslak hali olusturulduktan sonra bu
formun gecerlik ve giivenirligine yonelik kanitlar toplanmaya c¢alisiimistir. MOY soru tasarimina yonelik
kontrol listesinin taslak formuna yonelik 2 matematik egitimi uzmani ve 5 matematik 6gretmeninin
gorislt alinmistir. Segilen matematik 6gretmenleri matematik egitimi alaninda yiiksek lisans egitimi alan
ve MOY'’ye yonelik ders yani egitim almis olmasina dikkat edilmistir. Matematik okuryazarligini 6lgmeye
yonelik soru tasariminda kontrol listesine yonelik uzman goriiglerinden bazilari Tablo 2’de belirtilmistir.

Tablo 2.
Taslak Kontrol Listesine Yénelik Uzman Gériislerinden Bazilari.
Uzman-1 Uzman-2
e “TUrd” ile ne kastedildi? e “Farkli temsillerin kullanmasina uygun mudur?”
e Ciimle anlagiimadi. denilmelidir.
e “Gerektiriyor mu?” e14, 21 ve 22. maddeler gikarilabilir.
o 14. madde ile iliskili. eliteratire, alana katki saglayabilir.

Cikarilmasi gerekir.

MOY’ye soru tasariminda kullanilabilecek kontrol listesine yonelik uzman géruslerinin yaninda MOY
egitimi almis olan 6gretmenlerden de goris istenmistir. Hazirlanan taslak kontrol listesine yonelik
o6gretmen goriuslerinden bazilari asagida ve Tablo 3’te belirtilmistir.

T2: Birden fazla siireg becerisi kullanildiginda hangi slire¢ becerisinin belirleyici oldugu ile ilgili madde
eklenebilir diye diistinliyorum.

T5: 3. madde igin hangisini daha ¢ok yansitmaktadir seklinde sorulsa daha uygun olur sanirim.

“Asagida matematik okuryazarligini 6lgmeye ydnelik soru tasariminda kullanilabilecek bir aday
kontrol listesi ve maddeleri bulunmaktadir. Sizlerde her bir maddeyi uygunluk agisindan inceleyiniz ve
diizeltilmesi ya da degistirilmesi gereken maddeler var ise gerekgeleri ile aciklayiniz.” yoénergesi
o6gretmenlere yoneltilmistir ve 6gretmenlerin taslak kontrol listesine yonelik gérisleri alinmistir.

Taslak kontrol listesine yonelik matematik egitimi uzmanlarindan ve 6gretmenlerden alinan gorisler
dogrultusunda MOY soru tasarimina yoénelik kontrol listesinin maddelerinde degisiklik, diizeltme ve
anlam agisindan sorunlar giderilmistir ve kontrol listesinin nihai formuna karar verilmistir (Ek 1).

Matematik okuryazarligini 6lgmeye yonelik soru tasariminda kontrol listesi, alinan uzman ve
o6gretmen gorisleri dogrultusunda; yazim, dil-anlatim ve bicim bakimindan degisiklik ve dizeltmeler
yapildiktan sonra 28 maddeden olusmasina karar verilmistir. Kontrol listesinin nihai hali 28 madde ve Ug
secenekli (evet, kismen, hayir) bir yapida olmasina karar verilmistir. Ayrica her bir maddenin hedefledigi
niteligin aday MOY sorusunda olup olmama durumuna gore “2-1-0” seklinde puanlanmasinin uygun
olacagi diisinlImastr.

Kontrol listesinin gecerlik ve glivenirligine kanitlar toplamak amaciyla son olarak yiksek lisans yapan
ve MOY dersi alan bes matematik 6gretmeni ile bir durum c¢alismasi yapilmistir. Bu ¢alismada,
matematik O0gretmenlerine bir adet PISA ¢alismasinda ¢ikan MOY sorusu ve iki adet matematik
uygulamalari dersi (8. sinif) kitaplarinda yer alan toplam (g soru ve kontrol listesi her bir soru igin ayri
ayri yoneltilmistir. Ogretmenlerden li¢ MOY sorusunu incelemeleri ve sonrasinda sorulan soruyla iliskili
olarak kontrol listesindeki maddeler agisindan soruyu degerlendirmeleri istenmistir.

PISA sinavlarinda gikan 6rnek bir soru olan “Doner Kap1” sorusuna yonelik 6gretmenlerin ¢cogunlukla
kontrol listesindeki kriterleri tamamen ya da kismen sagladigi seklinde gorisler bildirmislerdir. Kontrol
listesinde belirlenen kriterlerin MOY sorusu igin uygulanabilir olduguna yonelik bulgularin elde edildigi
sdylenebilir. Ozellikle “Déner Kap1” sorusunun PISA sinavinda ¢ikmis bir soru olmasindan dolayi kontrol
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listesindeki kriterler agisindan degerlendirilmesi ve sunulan goruslerin gelistirilen kontrol listesi agisindan
onemli bir dayanak oldugu soylenebilir.

Tablo 3.
73 Ogretmeninin Taslak Kontrol Listesine Yénelik Gériisme Formu.
MOY sorusu,....
Uygun
Madde Uygun  Kismen Degil Aciklama/ Gerekgeleriniz
iCERIK
1 icerik agisindan tiirii ve kapsami uygun mudur? X
2 Glinltk hayattan bir problem ile sunulmus mudur? X
3 Teoriden gok uygulamayi yansitmakta midir? X
4 On égrenmelere uygun mudur? X
5 Matematiksel diisinmeyi yansitmakta midir? X
6 Farkli temsilleri kullanilmakta midir? X
7 Kavramsal-islemsel bilgi dengelenmekte midir? X Ciimle tam olarak agik ve
anlasilir degil.
ierik kategorisine yonelik ek goriiglerinizi liitfen agiklayiniz...
BAGLAM
8 Baglam agisindan tiirii ve kapsami uygun mudur? X
9 Gunluk hayat ile iligkili midir? X
10  Farkh disiplinler ile iligkili midir? X
11 Okul matematigi ile iliskili midir? X
12 Baglam ile igerik birbirine uygun mudur? X
Baglam kategorisine yonelik ek géruslerinizi liitfen agiklayiniz...
SUREC
13 Sureg becerileri agisindan tirii ve kapsami uygun mudur? X
14  Formillestirme becerisi yer almakta midir? X
15  Problem ¢6zme siireg becerisi yansitilmig midir? X
16  Modelleme sireg becerilerini igermekte midir? X
17 Akl yiratme ve muhakeme siireg becerileri yansitilmig midir? X
18 lligkilendirme siire¢ becerileri yer almakta midir? X
19  Matematiksel dil ve iletisim becerileri etkili kullanil makta midir? X
20  Analiz, sentez, karsilastirma gibi bilissel becerilere yer verilmis X
midir?
21  islemsel siiregleri icermekte midir? X
22 Gikanim yapma, yorumlama becerilerine yer verilmis midir? X

Suireg kategorisine yonelik ek gorislerinizi litfen agiklayiniz...
Bu bélumdeki soru kokleri ayni yapilabilir. Stireg becerisine yonelik soru kéklerinde ‘yansitilmis midir’ bazilarinda ‘igermekte midir’
bazilarinda ise ‘yer almakta midir’ seklinde olmasi biittinligi bozar gibi olmus.

DUZEY
23 Uygun dizeyde karmasikhiga sahip midir? X
24 Uygun dizeyde giiclige/zorluga sahip midir? X
25  Uygun diizeyde anlasila bilirlige sahip midir? X
Diizey kategorisine yonelik ek goériislerinizi liitfen agiklayiniz...
YAPI
26 Acik uglu madde tipinde verilmis midir? X
27  Farkli turlerdeki madde tipleri kullaniimig midir? X Burada bahsedilen farkli
madde tiplerinin  farkh
sorularda sorulmasi daha
uygun olabilir.
28  ilgi gekici, merak uyandirici midir? X
29  Arastirma yapmaya odakli midir? X
30  Etkili anlatim ve dil kullaniimis midir? X

Yapi kategorisine yonelik ek goriglerinizi litfen agiklayiniz...

8. sinif matematik uygulamalari ders kitabinda yer alan 6rnek bir soru olan “Yaris Pisti” sorusuna
yonelik 6gretmenlerin kontrol listesindeki kriterlerin bazilarini kismen ya da hi¢ saglamadigi seklinde
gorisler bildirmislerdir. Kontrol listesinde belirlenen kriterlerin MQOY sorusu icin uygulanabilir olduguna
yonelik bulgularin “Yaris Pisti” sorusunda da elde edildigi séylenebilir. Ozellikle “Yaris Pisti” sorusunun
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okullarimizda matematik uygulamalari dersinde kullanilan bir kitaptaki soru olmasindan dolay! kontrol
listesindeki kriterler agisindan degerlendirilmesi ve sunulan goriislerin gelistirilen kontrol listesi agisindan
onemli bir dayanak oldugu seklinde yorumlanabilir.

8. sinif matematik uygulamalari ders kitabinda yer alan 6rnek bir soru olan “GCay” sorusuna yonelik
ogretmenlerin kontrol listesindeki kriterlerin bazilarini kismen ya da hi¢ saglamadig seklinde goriisler
bildirmislerdir. Kontrol listesi ile birlikte uygulanan “Cay” sorusu da matematik uygulamalari dersi
kitabindan yer alan bir sorudur. Clinkii PISA sinavinda ¢ikan soru ve diger matematik uygulamalari
kitabindaki iki soruyu kontrol listesi ile 6gretmenler tarafindan incelenmesi, kontrol listesinin gegerligi ve
guvenirligi hakkinda 6nemli bilgiler verdigi disliniimektedir. PISA sinavinda ¢ikmis sorular kapsamh
uzman denetimi ve birgok sliregten gegmektedir. Bu ¢alismada da 6gretmenlere gore kontrol listesi ile
PISA sorusunun diger sorulara gore daha etkili ve nitelikli oldugu yoniinde goérisler belirtilmistir. Bu
gorisler bir bakima gelistirilen kontrol listesinin gecerligi ve glvenirligine yonelik kanitlar olarak kabul
edilmistir.

Tartisma ve Sonuglar

Bu arastirmada matematik Ogretmeni adaylarina verilen MOQOY dersi egitimi sonrasinda etkili
matematik okuryazarhigi sorusunun sahip olmasi gereken niteliklere yonelik gorusleri incelenmistir.
Ayrica MOY sorusu tasarimina yonelik belirttikleri gorusleri soru tasarimina ne derece yansittiklarini
belirlemek icin MOY sorusu tasarlamalari istenmistir. Arastirmanin ikinci agamasinda ise etkili ve nitelikli
MOY sorusu tasariminda kullanilabilecek bir kontrol listesi gelistirilmistir.

Ogretmen adaylari tarafindan MOY sorusuna yonelik icerik kategorisinde en ¢ok belirtilen géris;
sorunun tirl, kapsami belirlenmeli ve glinliik hayattan bir problem ile sunulmali gérist olmustur. Ayrica
MOY sorusunda, matematiksel distinmeyi yansitma, farkl temsilleri kullanma ve kavramsal-islemsel
bilginin dengesi gibi nitelikler belirtilmistir. Sorularin igeriginin 6n 6grenmeler uygunlugu ve teoriden ¢ok
uygulamayi yansitmasi gibi nitelikler de belirtilen gériisler olmustur. Ogretmenlerin MOY becerilerini
gelistirmelerine yonelik Bennison’un (2015) modelindeki bilgi tirlerinin (MAB, PAB ve PB) soru tasarlama
acisindan 6nemli hususlara vurgu yaptigl soylenebilir. Clinkii MOY soru tasariminda 6gretmenlerin
matematiksel icerik tiirlerine yonelik bilgi ve becerilerinin Ust diizeyde olmasi gerekir. Bu arastirmadaki
ogretmen adaylari aldiklari egitim sonrasinda tasarladiklari MOY sorularinda farkh iceriklere yer
verdikleri belirlenmistir. Ayrica bir diger 6nemli sonuc¢ ise 6gretmen adaylarinin ¢ogunlugu MOY
sorularinin ginlik hayattan bir problem durumu ile sunulmasi gorislini belirtmislerdir. Bu goris
MOY’nin kuramsal temelleri (OECD, 2013) ile ortustligu soylenebilir. Yapilan birgok ¢alismada PISA’da
¢tkan MOY sorularina benzer problem ¢ézme sorularinin gelistirildigi ve uygulandigi belirlenmistir
(Novita & Putra, 2016; Novita vd., 2012). Bununla birlikte Sari, Yandari ve Fakhrudin (2017) 6grencilerin
MOY becerilerini gelistirmelerinde ve bagimsiz 6grenenler olmalarinda probleme dayali 6grenme
modelinin olumlu etkileri oldugunu belirtmislerdir.

Bu arastirmadaki katimcilar MOY sorunun problem durumunda verilmesini gerektigini
soylemelerine ragmen bazilari bu durumu soru tasarimlarina yansitmadiklari belirlenmistir. Bu durum da
ginlik hayata dayali MQY problemlerini yazmadaki gli¢liklerinin isaretleri olarak yorumlanabilir. Benzer
durum, Girbiliz (2014) tarafindan yapilan arastirmada da ortaya c¢ikmistir. Arastirmada ilkdgretim
matematik adaylarinin soru yazma beceri ve 6z yeterliklerinin disik oldugu bulunmustur. Yazar (2019)
tarafindan yapilan ¢alismada ise 6gretmen ve 6gretmen adaylarinin MQOY problemlerinde belirsizlik-veri
ve ¢okluk iceriklerini yansitmada diger iceriklere gére daha az istekli olduklari bildirilmistir. Setiawati vd.
(2017) tarafindan vyapilan arastirmada ise ortaokul Ogrencilerinin dizey 1 ve 2 deki MOY
problemlerindeki en ¢ok aritmetigi kullanmada hatalari gdzlenmistir. Ayrica cebir kavramlari hakkinda
anlama, cebirsel agiklamalarda aritmetik islemleri uygulama ve bilinmeyeni temsil etmede sembolleri
yorumlamada glglikler gorilmistir. MOY problemlerini ¢6zmede 6grenciler ©6n bilgilerini
kullanmislardir, ancak bazen soruyla iliskili olmamistir.
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Altun ve Bozkurt (2017) tarafindan yapilan ¢alismada MOY sorularinin yapisal Gzerine yapilan faktor
analizi sonucunda icerikle iliskili faktérlerin oldugu goériilmektedir. Ozellikle “zengin matematiksel icerige
hakim olma” faktori bu arastirmanin sonuglari ile dogrudan ortistigu soylenebilir. Clinkd bir MOY
sorusunun tasariminin ilk asamasinin igerik belirleme seklinde dusunulebilir. Belirlenen igerigin tird,
kapsami ve beceriler ile olan uyumu 6nemli hususlar olarak karsimiza ¢ikmaktadir. Bu arastirmada MOY
sorusu tasarimina yonelik belirtilen niteliklerin etkili ve nitelikli bir MOY sorusunun zengin igeriklere
sahip olusunun gostergeleri olarak yorumlanabilir. Ancak bu arastirmadaki katilimcilarin MOY sorusuna
yonelik bu gorisleri belirtmelerine ragmen soru tasariminda st diizeyde bu niteliklerin yansimalarinin
oldugu soylenemez.

Ogretmen adaylarinin baglam kategorisine iligkin gériislerinde en fazla tiir-kapsamin belirlenmesi ve
gunliik hayatla iliskili olmasi yer almaktadir. Ayrica soru baglaminin farkh disiplinlerle, okul matematigi
ile iliskili ve icerige uygun olmasi gerektigi belirtilmistir. Katilimcilara gére soru tasariminda baglamin
turd (kisisel, mesleki, toplumsal ve bilimsel) ve kapsami belirlenmelidir ve 6zellikle glinlik hayatla iliskili
matematiksel durumlar tercih edilmelidir. Goos (2007) ve Bennison’un (2015) 6gretmenlerin MOY'yi
gelistirmelerine yonelik onerdigi modelde baglam yer almaktadir. Machaba (2018), 6gretmenlerin MOY
Ogretimlerinde baglamin énemli oldugunu ve 6zellikle glinlik yasam ile iligkili durumlarin kullanilmasi
gerektigi belirtmistir. Oktiningrum vd. (2016), Ogrencilerin MOY’lerini 6lgmede PISA matematik
etkinliklerine benzer Endonezya dogal ve kiltlirel mirasi baglaminda gecerli ve kullanish etkinlikler
gelistirmiglerdir. Bu arastirmadaki katiimcilarda almig olduklari MOY egitimi sonrasinda goériislerinde ve
soru tasariminda gunliik hayat durumlarini yansitmaya calistiklari gézlenmistir. Ancak baglam tirleri ve
kapsami agisindan gesitlilik gézlenememis ve farkli disiplinler ile iliskilendirme gibi belirttikleri géruslerin
soru tasarimina yansimadigi belirlenmistir. Benzer durum Yazar (2019) tarafindan yapilan ¢alismada da
O0gretmen ve 6gretmen adaylarinin problemlerindeki baglamlarin PISA ¢alismasindaki problemler kadar
etkili ve nitelikli olmadigi bildirilmistir.

MOY sorularinin baglamsal agidan analizinde “tlir-kapsam, glnliik hayatla, farkh disiplinler, okul
matematigi ile iliski ve igerige uygunluk” gibi nitelikler ortaya gikmistir. Soru tasariminda bu niteliklerin
etkili ve kapsaml kullanilmasi baglamsal agidan matematigi 6grenme-6gretmeye olumlu katkilari
olacaktir. Clunkl plr matematiksel icerik ve durumlardan yani baglamlardan olusturulan MOY
sorularinda o6grencilerin matematigi 6grenmesi, anlamlastirmasi, iliskilendirmesi ve deger vermesi
mimkin olmayabilir. Yazar (2013), ilkogretim matematik 6gretmen adaylarinin MOY’nin bireysel,
toplumsal ve bilissel faydalarindan dolayr 6nemli oldugunu bildirmislerdir. MOY’nin 6nemi etkili
baglamlarin kullaniimasi ile ortaya ¢ikabilir.

Ogretmen adaylarinin siire¢ kategorisine yonelik goriislerinde de tiir ve kapsamin belirtildigi
gorulmektedir. Ayrica MOY sorusunun tasariminda matematiksel siireglerin; formillestirme, problem
¢6zme, modelleme, akil ylritme-ispat, iliskilendirme, matematiksel dil ve iletisim, bilissel beceriler ve
islemsel beceriler icermesi gerektigi belirtilmistir. Ogretmen adaylarinin matematiksel siireglere iliskin
goruslerinin PISA calismasindaki kuramsal temeller (OECD, 2013) ile biiyik olglide uyustugu séylenebilir.
Ayrica gorislerinin NCTM’in (2000) siireg standartlarini yansittigini da séylemek mimkindir. Benzer
sekilde Yazar (2013), ilkdgretim matematik 6gretmen adaylarinin MOY’nin gelistiriimesinde matematigi
somutlastirma, ilgi, etkilesim ve disiinmeye yonlendirme gibi faktorlerin etkili oldugunu ifade
etmiglerdir. Pilten vd. (2016) tarafindan yapilan arastirmada ise sinif 6gretmeni adaylarinin
“matematiksel okuryazarhk” kavramina yonelik algilari metaforlar araciligiyla belirlenmeye calisiimistir.
Uretilen metaforlar degerlendirildiginde, bunlarin pek ¢ogunun Ust diizey diisinme becerilerini (analiz,
sentez, degerlendirme vb.) gerektirdigi goriilmektedir. Kohar vd. (2014) tarafindan yapilan calismada ise
ogrencilerin MOY’lerini gelistirmede gecerli, pratik ve potansiyel etkileri olan PISA’ya benzer gelistirilen
etkinliklerin 6grencilerin iletisim, muhakeme, argiimantasyon, temsil etme, matematiksellestirme,
problem ¢6zme, formal/sembolik dili kullanma ve 6grencilerin ilgi ve dikkatlerini etkiledigi belirlenmistir.
Baska bir arastirmada Altun ve Bozkurt (2017), MOY sorularinin yapisal 6zellikleri arasinda algoritmik
islem yapma, zengin matematiksel icerige hakim olma, matematiksel ¢cikarimda bulunma, matematiksel
Oneri gelistirme ve/veya gelistirilmis ©neriyi yorumlama, yasamsal durumun matematik dilindeki
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karsiigini anlama, matematik dilinin yasamdaki karsihgini anlama gibi nitelikler belirlemislerdir. Bu
arastirmanin bulgularinda siire¢ kategorisinde akil yuriitme ve ispat en fazla frekansa sahip alt kategori
olarak bulunmustur. Ancak ilkemizdeki matematik dersi 6gretim programlarinda bu siireg becerilerine
yeterince vurgu yapildigi sdylenemez. MOY becerilerinin gelisimi agisindan akil yuriitme ve ispat gibi
siireg becerilerinin 6nemi bu ¢alismada da ortaya ¢ikmistir.

Ogretmenler matematiksel etkinliklerde 6gretim ya da 6lgme amagh kullanmak istedikleri yeterlik
ihtiyaclarini belirleyebilmelidirler (Pettersen & Nortvedt, 2018). Bu baglamda hedeflenen siireg
becerileri MOY’nin gelisimi ya da 6lglilmesi i¢in kullanilan problem etkinliklerine etkili bir yaklasim ile
yansitilmahdir. Bu arastirmadaki katimcilar sorularin matematiksel siireg becerileri agisindan oldukga
kapsamli ve etkili gorlsleri belirtmislerdir. Ancak siire¢ becerilerini soru tasariminda uygulama
konusunda gesitli gtigliklerin ve sinirliliklarin oldugu séylenebilir.

Ogretmen adaylarinin diizey kategorisine yonelik gériislerinde uygun diizeyde karmasiklik, giicliik ve
anlasilirlik nitelikleri belirtilmistir. PISA ¢alismasinda problemler zorluk diizeyi agisindan alti diizeyde ele
alinmistir ve her bir diizeye ait karakteristikler tanimlanmistir (OECD, 2013). Bu dogrultuda tasarlanacak
MOY sorularinda glglik, karmasiklik ve anlasilirlik 6nemli nitelikler olarak karsimiza ¢ikmaktadir. Bu
¢alismadaki 6gretmen adaylarinin MOY’ye vyonelik gorlsleri ve becerileri ile Tirkiye’nin PISA
¢alismasindaki MOY sonuglarinin benzerlik gosterdigi sdylenebilir. Tlrkiye’de ki 6grenciler PISA 2012 ve
2015 sinavlarindaki MOY puanlarinin ortalamalar 2. ve 3. dizey arali§ina denk diistigl belirlenmistir
(MEB, 2012, 2016). Benzer sekilde iskenderoglu ve Baki (2011), 8. sinif ders kitaplarindan birinde yer
alan sorulari PISA matematik yeterlik 6lcegine gore inceleyerek siniflamistir. Bu siniflamanin sonuglarina
gore 8. sinif ders kitabinda biitin dizeylerde sorulara yer verilmedigi gorilmektedir. Kitapta 1, 2, 3 ve 4.
diizeyde soru, problem, alistirma ve o6rneklere rastlanmistir. Bu dizeylerden de agirlikh olarak 2.
diizeydeki sorular bulunmaktadir. Ayrica iskenderoglu, Erkan ve Serbest (2013), Tiirkiye’de uygulanan
liselere gegis sinavlarinda 2008-2013 yillari arasinda sorulan matematik sorularini PISA yeterlik 6lgegine
gore siniflayip incelemistir. Calismada sinavlarindaki matematik sorularinin bitiin seviyelere uygun
sorular olmadigi gérilmustir. Sorularin genel olarak 2, 3 ve 4. seviyede yer aldiklari, en Ust seviye olan 5.
seviyede bir tane, 6. seviyede ise herhangi bir sorunun bulunmadig gorilmistir. Bu baglamda MOY'yi
6lgmeye ya da gelistirmeye yonelik soru tasariminda distnllmesi gereken énemli bir unsurun diizey
oldugu anlasiimaktadir. Bu arastirmadaki katilimcilarin MQOY soru tasarimlarinda giglik, karmasiklik ve
anlasilirlik agisindan gesitli gligliklerinin oldugu belirlenmistir.

Ogretmen adaylarinin yapi kategorisine ydnelik gériislerinde soru yapisinin; agik-uglu, ¢oktan
secmeli, dogru yanlis, farkli madde tipleri iceren ve ilgi ¢ekici, merak uyandirici, arastirma odakl olmasi
belirtilmistir. Ogretmen adaylarinin bilyiik ¢ogunlugu tasarladiklari sorunun agik-uglu olmasina dikkate
etmislerdir. Ancak ilgi ¢ekici, merak uyandirici, arastirma odakl olmasi gibi niteliklerin sorulara ¢ok fazla
yansimadig anlasilmaktadir. Ulkemizde yapilan {iniversiteye ve liselere gegis sinavi gibi bircok énemli
sinavda sorularin g¢oktan se¢meli olarak hazirlandigl bilinmektedir. Coktan se¢meli sorularin MOY
acisindan sinirliliklari bu arastirmada da ortaya konulmustur. Ozellikle bu arastirmada acik uclu sorularin
ve farkli tirlerde soru kullaniminin MOY soru tasarimi icin 6nemli oldugu vurgulanmistir. Benzer bir
calismada Yazar (2019), 6gretmen ve 6gretmen adaylarinin MQOY’ye yonelik daha g¢ok yapilandiriimis
problemler gelistirildigini bildirmistir. Bu ¢alismadaki katilimcilarin soru tasarimlarinda almis olduklari
MOY egitiminin olumlu yansimalari olmasina ragmen gesitli yapisal sorunlarin oldugunu da soéylemek
mimkiinddr. lgili literatiirde de matematik 6gretmenlerinin sinavlarda ve derslerde kullandiklari
sorulara yonelik sinirliliklarinin ve glgluklerinin oldugu anlasilmaktadir. Bekdemir ve Bas (2017)
tarafindan yapilan ¢alismada, matematik 6gretmenlerinin sinavlarda kullandiklari sorularin kavramsal ve
islemsel bilgi boyutlarinda analizi yapilmistir. Arastirma sonucunda matematik Ogretmenlerinin
sinavlarda ¢ogunlukla ¢oktan se¢meli, islemsel bilgiye odakli ve baska kaynaklardaki benzer sorulara yer
verdikleri belirlenmistir. Bozkurt, Kilig Kircali ve Ozmantar (2017) ise ortaokul matematik dgretmelerinin
derslerinde agirlikli olarak kisa cevap gerektiren dogrulama, hesaplama ve 6zellik belirleme sorularina
yer verdiklerini bildirmislerdir. Demir’in (2015) belirttigi gibi MOY sorularini 6lgme degerlendirme disinda
o6grencileri dersin merkezine almak, motive etmek, eksik 6grenmeleri ve kavram yanilgilarini belirlemek,
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sinifta tartisma ortami olusturmak gibi bircok 6nemli amag i¢in kullanilabilir. Bu ylizden MOY soru
tasariminda farkli tiirlerdeki sorularin gliclii yanlarini 6n plana gikararak, ilgi ¢ekici, merak uyandirici ve
arastirmaya odakli sorular tasarlanabilir.

Bu arastirmada gelistirilen MOY soru tasarimina yonelik kontrol listesinde yapi kategorisi de 6nemli
bir faktor olarak belirlenmistir. Matematik 6gretmenleri ile yapilan bir 6érnek uygulamada da verilen
problemlerin MOY sorusu olma agisindan kriterlere uygunlugunun test edildigi gorilmustir. Bu
dogrultuda, yapi kategorisine yonelik kontrol listesinde yer alan kriterlerin soru tasariminda énemli ve
etkili hususlar oldugu yapilan uygulama ile ortaya konulmustur. Etkili ve nitelikli MOY soru tasariminin
yapilabilmesi icin yapi kategorisine yonelik belirlenen kriterlerin de diger kriterler kadar 6nemli oldugu
ve Uzerinde distnllmesi gerektigi belirlenmistir.

Arastirmaya katilan matematik 6gretmen adaylarinin  MOY sorusunun niteliklerine yonelik
belirttikleri gorusleri icerik analizi ile incelenmistir. Yapilan analiz sonucunda MOQY sorularinin nitelikleri
bes kategori altinda ortaya konmustur. igerik, siireg, baglam, diizey ve yapi kategorileri MOY sorularinin
niteliklerine yonelik unsurlar olmustur. Arastirmanin ikinci asamasinda ise MOY sorusu tasarimi icin bir
kontrol listesi olusturulmustur. Birinci asamada ortaya c¢ikan igerik, siire¢, baglam, diizey ve yapi
kategorileri kontrol listesini olusturmustur. Uzman gorisleri ve matematik 6gretmenlerinden alinan
gorisler sonrasinda bes faktorli ve 28 maddeden ve 3 segenekli (evet, kismen, hayir) bir yapidan olusan
MOY soru tasariminda kullanilabilecek bir kontrol listesi gelistirilmistir. Del Prado vd. (2016) tarafindan
MOY uygulama kontrol listesi gelistirilmistir fakat MOY soru tasariminda benzer bir kontrol listesinin
olmadigi belirlenmistir. Kontrol listesinde ortaya ¢ikan kategorilerin OECD (2013) tarafindan yapilan PISA
calismalarindaki 6lgme cergevesine uygun oldugu soylenebilir. Gelistirilen MOY soru tasarimi kontrol
listesinin arastirmacilara ve uygulamacilara ihtiya¢ duyduklari bir yonerge ve rehber olarak
kullanabilecekleri bir arag olma firsatini yakaladigi soylenebilir.

Oneriler

Bu arastirmada MOY soru tasarimina yonelik dikkat edilmesi gereken niteliklerin de bir bakima
ortaya ciktigi soylenebilir. Clinkii soru tasariminda belirtilen bes kategorinin ayrik bigcimde
distintilemeyecegi ve bunlarin birbirleri ile olan iliskilerine yonelik yansimalar gormek mimkindir. MOY
soru tasariminda bu arastirmada belirlenen bes kategori ve alt kategorilerindeki unsurlar daha genis
kapsamli ve uygulamali ¢calismalar ile desteklenmelidir. Béylelikle MOY soru tasarimina yonelik nitelikler
netlestirilerek yonergeler, modeller ve yaklasimlar ortaya konulabilir.

Bu arastirmada 6gretmen adaylarinin almis olduklari MOY egitimi ile soru tasarimina yonelik Ust
diizeyde goris bildirdikleri sdylenebilir. Ancak 0Ogretmen adaylarinin goruslerindeki bu olumlu
yansimalarin soru tasariminda tam anlamiyla gerceklestigi sdylenemez. Ogretim &ncesinde dgretmen
adaylarinin biyik bir bélimi PISA ve matematik okuryazarligl kavramlarindan haberdar degillerdir. Bu
baglamda 6gretmen adaylarinin MOY ve soru tasarimina yonelik kuramsal temeller, farkindalik ve
yaklasimlarinin olumlu ve Ust dizeyde olmasi uygulamadaki yani soru tasarimindaki glcliklerin
oldugunu gostermektedir. Bu arastirmada verilen MQOY egitiminin kisa siireli olusu, 6gretmen adaylarinin
sahip olmasi gereken bilgi turlerindeki eksiklikler ve sinirliliklar bu sonuglara yol agmis olabilir. Ancak bu
calismada yapilan MQOY egitimi ve soru tasarimi uygulamalari daha uzun siireli ve kapsamli etkinlikler ile
gerceklestirilmesi olumlu yansimalari olacaktir.

Bu calismada gelistirilen ve pilot ¢alismasi yapilan MQY soru tasarimina yonelik kontrol listesinin
gecerli ve glivenilir bir 6lgme araci oldugu soylenebilir. Kontrol listesinin gecerligi ve glvenirligini
pekistirmek icin farkli matematik 6gretmeni ve 6gretmen adaylari ile arastirmalar yapilabilir. Ozellikle
matematik egitimcilerinin MOY sorusu tasarimi sireclerinde bir yonlendirici arag olacagi ve soru tasarim
sirecini daha etkin kilacagi dasliniimektedir. Ayrica bu kontrol listesi ile gelistirilen 6lgme araglarinin
MOY sorularinin daha etkili ve nitelikli 6zelliklere sahip olabilecegi kaginilmazdir. MQOY soru tasarimi
sireglerini inceleyen ve arastiran arastirmacilara da gecerli ve givenilir bilgiler sunmasi agisindan
faydalarinin olabilecegi diisinilmektedir. Bu calismadaki katilimcilara verilen MOY egitiminin MOY

293



Kemal OZGEN — Pegem Egitim ve Ogretim Dergisi, 11(1), 2021, 259-298

sorusunun etkili ve nitelikli olmadaki 6zelliklerine yonelik olumlu katkilarinin oldugu soéylenebilir.
Ozellikle MOY sorularina yonelik igerik, baglam, siireg, diizey ve tiir kategorilerinde beklenen ve
kuramsal temeller ile uyumlu gorislere sahip olduklari belirlenmistir. Bu g¢alismadaki 6gretmen ve
O0gretmen adaylarina verilen bu MOY egitiminin meslekte ¢alisan matematik 6gretmenlerine de verilmesi
distnulebilir. Bu yaklasim ile matematik 6gretmenlerinin MOY ve soru tasarimina yonelik bilgi, beceri ve
deneyimlerinde gelisimler saglanabilir. Etkili ve nitelikli MOY sorusunun tasariminin nasil olmasi gerektigi
lizerinde 6gretmen, 6gretmen adayi ve matematik egitimi arastirmacilarinin daha fazla diisinmeleri igin
firsatlar saglanmalidir.
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Appendix
Ek 1.
Matematik Okuryazarhigini Olgmeye Yénelik Soru Tasariminda Kontrol Listesi
Madde Evet Kismen Hayir

icerik

1 MOY sorusunun igerik agisindan tiiri (nicelik, degisim-iliski, uzay-sexil,
belirsizlik-veri) ve kapsami uygun mudur?

2 MOY sorusu glinliik hayattan bir problem ile sunulmus mudur?

3 MOY sorusu teoriden ¢ok uygulamayi yansitmakta midir?

4 MOY sorusu 6n 6grenmeler ile uygun mudur?

5 MOY sorusu matematiksel disiinmeyi yansitmakta midir?

6 MOY sorusu farkli temsillerin kullanilmasina uygun mudur?

7 MOY sorusu kavramsal-islemsel bilgileri dengelenmekte midir?
Baglam

8 MOY sorusunun baglam agisindan tiirQ (kisisel, toplumsal, mesleki, bilimsel)
ve kapsami uygun mudur?

9 MOY sorusu giinlik hayat ile iligkili midir?

10 MOY sorusu farkl disiplinler ile iliskili midir?

11 MOY sorusu okul matematigi ile iliskili midir?

12 MOY sorusunda baglam ile icerik birbirine uygun mudur?
Siireg

13 MOY sorusunun slire¢ becerileri agisindan tiiri (formillestirme, yiritme,
yorumlama) ve kapsami uygun mudur?

14 MOY sorusu problem ¢ézme becerilerini kullanmayi gerektiriyor mu?

15 MOY sorusu modelleme siireg becerilerini kullanmayi gerektiriyor mu?

16 MOY sorusu akil yiiritme ve muhakeme becerilerini kullanmayi gerektiriyor
mu?

17 MOY sorusu iliskilendirme becerilerini kullanmayi gerektiriyor mu?

18 MOY sorusu matematiksel dil ve iletisim becerilerini etkili kullanmayi
gerektiriyor mu?

19 MOY sorusu analiz, sentez, karsilastirma gibi biligsel becerileri kullanmayi
gerektiriyor mu?

20 MOY sorusu islemsel sliregleri kullanmayi gerektiriyor mu?
Diizey

21 MOY sorusu uygun diizeyde karmasikliga sahip midir?

22 MOY sorusu uygun dizeyde giiclige/zorluga sahip midir?

23 MOY sorusu uygun diizeyde anlasilabilirlige sahip midir?
Yapi

24 MOY sorusu aglk uglu madde tipinde verilmis midir?

25 MOY sorusunda farkli tirlerdeki madde tipleri kullanilmis midir?

26 MOY sorusu ilgi ¢ekici, merak uyandirici midir?

27 MOY sorusu arastirma yapmaya odakh midir?

28 MOY sorusu etkili anlatim ve dil kullanilmig midir?
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