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Article Info Abstract

As a result of the COVID-19 pandemic, distance education started at K-12 levels in the

DOI: 10.14812/cuefd.950622 spring semester of the 2019-2020 school year. The Ministry of National Education had

Article history: also published instructional tasks to be used in distance education at all grade levels in
Received  10.06.2021 order to create mathematics learning opportunities for students and to provide
Revised 01.11.2022 resources for teachers. Well-structured and high-quality instructional tasks play an
Accepted  11.04.2023 important role in students' learning mathematics. The aim of this study is to examine

the quality of the elementary school mathematics tasks recommended for distance

remedial education from multiple perspectives, in particular their cognitive demand
levels. A total of 85 tasks focusing on 79 critical objectives in grades 1-4 mathematics
were examined using document analysis. Results of this study showed that the majority
of the tasks were at low cognitive demand level, cognitive demand levels did not show
a balanced distribution, and some tasks had mathematical errors.
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Cognitive Demand,
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Task.
Research Article
Uzaktan Egitim icin Onerilen ilkokul Matematik Etkinliklerinin
Niteliginin Degerlendirilmesi
Makale Bilgisi Oz

COVID-19 salgintile birlikte 2019-2020 akademik yilinin bahar doneminden itibaren tim

DOI: 10.14812/cuefd.950622 N i e R y . )
6gretim kademelerinde uzaktan egitime gegilmistir. Milli Egitim Bakanligi da 6grencilere

Makale Gegmisi: matematik 6grenme firsatlari olusturmak ve 6gretmenlere kaynak saglamak adina tiim
Gelis 10.06.2021 sinif diizeylerinde uzaktan egitimde kullanilmak Gzere 6gretim etkinlikleri
Dizeltme 01.11.2022 yayinlanmistir. iyi yapilandiriimis ve nitelikli 6gretim etkinlikleri 6grencilerin matematigi
Kabul 11.04.2023 o6grenmesinde 6nemli bir rol oynamaktadir. Bu ¢alismanin amaci da ilkokul matematik

dersine yonelik yayinlanmis olan ilkokul matematik etkinliklerinin basta biligsel istem
Anahtar Kelimeler: dlzeyi olmak uzere farkh agilardan incelenmesi ve niteliginin ortaya konmasidir.
Bilissel istem, Dokiiman analizi yontemiyle yiritilen galismada 1-4. sinif diizeyi matematik alanindaki
Etkinlik, 79 kritik kazanima ait 85 etkinlik incelenmistir. Analiz sonucunda etkinliklerin
ilkokul, bircogunun disuk biligsel istem diizeyinde oldugu, bilissel istem diizeylerinin dengeli bir

Uzaktan Egitim.

Arastirma Makalesi

dagihm sergilemedigi, ve bazi etkinliklerin matematiksel hatalar barindirdigi
gorulmistar.

! Corresponding Author: handegulbagci@gmail.com
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Introduction

As a result of the COVID-19 pandemic, schools had transitioned to distance education at all grade
levels as of March 2020 (2019-2020 academic year) in Turkey as well as in many countries. An online
educational platform called Education Information Network (EIN) was used widely during distance
education in Turkey. Instruction was carried out as live lessons through the EIN platform as well as
asynchronous lessons broadcast on EIN-TV. Considering the possible consequences of this extraordinary
situation, the Ministry of National Education (MoNE) had decided to organize remedial courses in this
distance education setting before the first day of the 2020-2021 academic year. The purpose of remedial
courses is to make up for the courses that could not be held at the beginning of the pandemic and
reinforce learning. In the Spring semester of the 2019-2020 AY, the Ministry determined the critical
objectives and topics that would build the foundation for upper-grade mathematics as a focus for these
remedial courses. The ministry published sample tasks targeting these critical standards for all grade levels
(K-12) electronically on both the EIN platform and their official website. Teachers could use the tasks as it
is written and revise them based on their students’ needs or prepare their own (MoNE, 2020). Providing
such sample mathematics tasks is important for supporting the teaching and learning process. Since
students spend the majority of the time on task engagement in class (Boston & Smith, 2009), it determines
their thinking and understanding about mathematics (Doyle, 1988).

Although the importance of tasks in mathematics education is evident, not every task is well designed
and provides students with productive learning opportunities (Ozmantar & Bingélbali, 2015). The tasks
used in an effective mathematics classroom should support reasoning and problem solving (NCTM, 2014).
Such tasks require students to engage in mathematical reasoning, thinking, and problem solving are
considered as high cognitive demand (Smith & Stein, 1998). In addition to the cognitive demand of the
task, there are many other aspects that could enhance the quality of the task (Ozmantar & Bingdlbali,
2015). For instance; clarity of instructions to increase comprehensibility (Bozkurt, 2018; Yesildere-imre,
2020), the accurate introduction of concepts to avoid creating mathematical difficulties and
misconceptions (Kajander & Lovric, 2009), and correct use of mathematical language (Kajander & Lovric,
2009) can be listed. In addition to these aspects, instructional practices and students' learning
opportunities can be enhanced by using the power of technological tools (dynamic software, applications,
virtual manipulatives, etc.) in the task design (Kazak, 2020; National Council of Teachers of Mathematics,
2000).

The quality of the tasks implemented in the mathematics lessons in remote instruction is one of the
factors that determine the learning opportunities provided to students as in face-to-face instruction
(Barlow et al., 2020). If the quality of remote instruction is high, students' learning loss in mathematics
lessons would be less than that of low-quality remote instruction (Dorn et al., 2020). Therefore, the quality
of these recommended remedial courses should be high to close the learning gap. In this context, although
these tasks are expected to be well designed and of high quality, this expectation is even higher for
elementary school mathematics tasks. Since elementary school mathematics forms a foundation for
advanced mathematics in higher grades, and also it influences the way students perceive mathematics in
the future (Reys & Fennell, 2003; Wu, 2009). Therefore, the recommended tasks should promote
students' conceptual understanding of elementary school mathematics. The aim of this study is to
examine the quality of the elementary school math tasks recommended for distance remedial education
from multiple perspectives, in particular, their cognitive demand levels. Thus, this study seeks answers to
the following research questions.

e What is the cognitive demand level of the tasks that are recommended to use in distance
education by the Ministry of National Education for grades 1 to 4?

e What aspects in the written text of these tasks may negatively influence the mathematics
learning-teaching process?
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Related Literature

In mathematics lessons, we aim to develop students' mathematical literacy, support their
understanding of mathematical concepts, and acquire students with skills used in the problem-solving
process, such as reasoning (MoNE, 2018). To achieve these goals specified in the curriculum, many
instructional tools such as textbooks, problems, materials, and instructional tasks are used in mathematics
lessons. In this study, we focused on instructional tasks that can be defined as “a segment of classroom
activity devoted to the development of a mathematical idea” (Stein et al., 2000, p. 8). Tasks in
mathematics teaching are of great importance as they influence how students think, use and make sense
of mathematics, as well as determine the content learned (Stein et al., 1996).

The tasks used in the mathematics lesson can be examined from many different perspectives, such
as multiple representations and the variety of solution ways (Stein et al., 2000). One of these perspectives
is the cognitive demand of tasks. Cognitive demand refers to “the kind and level of thinking required of
students in order to successfully engage with and solve the task.” (Stein et al., 2000, p. 11). Mathematical
tasks may require students to fulfill cognitively different requirements. For instance, a task may require
the student to memorize and apply a mathematical procedure or algorithm, or to use complex
mathematical thinking and reasoning strategies (Estrella et al., 2020). These differences constitute
different cognitive demands of the tasks. Stein and her colleagues (Smith & Stein, 1998; Stein et al., 1996)
described these different levels. According to their classification, tasks are categorized into two main
categories as low (i. Memorization, ii. Procedures without connections) and high (iii. procedures with
connections, iv. and doing mathematics) cognitive demand level. Low cognitive demand tasks require
students to memorize mathematical operations, algorithms, and facts and apply them. This makes
students fluent applicants of these procedures (Boston, 2012). High cognitive demand tasks require
students to think and reason about mathematical ideas. Thus, they could have a rich understanding of
mathematics (Boston, 2012).

While low cognitive demand tasks are cognitively less challenging for students because they are
mostly procedural, high cognitive demand tasks require students to think cognitively more complex and
engage in higher order thinking (Stein et al., 2000). High cognitive demand tasks are also non-routine tasks
(Simon & Tzur, 2004). The goal of these tasks is “to have students develop the capacity to think, reason
and problem solve” (Smith & Stein, 1998, p. 344). As a result of regular engagement in high cognitive
demand tasks in the learning process, students could establish mathematical connections, and develop a
deeper and richer understanding of concepts and processes (Stein et al., 2000). Within this process,
students also engage in meaningful and rich interactions. Studies (e.g., Boaler & Staples, 2008; Boston &
Smith, 2009; Simon & Tzur, 2004) show that spending more time solving non-routine tasks with high
cognitive demand in the classroom contributes positively to students' learning. In addition to classroom
practices, it was found that students who used textbooks containing high cognitive demand tasks were
more successful in mathematics in the national exam (Hadar, 2017).

Although high cognitive demand tasks are an essential aspect of effective mathematics teaching,
teachers tend to implement these tasks at a lower cognitive demand in their classroom (Tekkumru-Kisa
et al., 2020; Stein et al., 1996; Stigler & Hiebert, 2004). As a result, a task with a high level of cognitive
demand may maintain the same level in classroom practice or be implemented at a lower demand level.
It is difficult to increase the cognitive demand of a task designed at a lower cognitive demand in classroom
practices (Stein et al., 1996; Stein et al., 2000). Thus, it is important to design and write tasks at a high
cognitive demand level before being used in the classroom.

Students from all grade levels, including preschool, can engage with high cognitive demand tasks
(Huinker & Bill, 2017). Although it is important for students from all grade levels to understand
mathematics, it is important to put particular emphasis on elementary school mathematics. Because
elementary school mathematics, together with middle school and high school mathematics, forms a
foundation for advanced mathematics (Wu, 2009). A student who experiences mere memorization and
mimicking of rules, facts, and operations in elementary school mathematics is unlikely to understand the
power of mathematics or to be interested in mathematics in higher grades (Reys & Fennell, 2003). On the

3
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contrary, students' conceptual understanding of mathematics topics in elementary school is an indicator
of their success in high school mathematics (Bailey et al., 2014; Siegler et al., 2012). Thus, providing high
cognitive demand tasks that will contribute to the students' understanding of elementary school
mathematics is essential (Huinker & Bill, 2017; Van de Walle et al., 2019). Studies have also indicated that
using high cognitive demand tasks in the classroom positively affects both students' understanding of
mathematics and their attitudes toward mathematics (Ni et al., 2018; Schoenfeld, 2002; Sztajn et al.,
2012).

Studies focusing on mathematics tasks in Turkey are predominantly conducted at the middle school
level, and the number of studies conducted at the elementary and high school levels is limited. Although
a few studies (Usluoglu, 2020; Yalgin, 2019) examined elementary school tasks with different perspectives
(Bloom's taxonomy, etc.), we did not encounter any study in our review examining the cognitive demand
levels of the tasks as written. Only a limited number of studies examined the cognitive demand of the task
as implemented in elementary school classrooms (Dogan Coskun & Isiksal Bostan, 2019; Yabas & Altun,
2020). Since the cognitive demand levels of the tasks provided to students in elementary school
mathematics lessons were not thoroughly examined, we do not have enough information about the
mathematical thinking and learning opportunities we offer our students (Boston et al., 2019).

The studies (Bayazit, 2013; Engin & Sezer, 2016; Recber & Sezer, 2018; Toprak & Ozmantar, 2019)
examined middle school mathematics textbooks found that the tasks were mainly at 2nd (Low Demand -
Procedures without connections) and 3rd (High Demand - Procedures with connections) level. The
number of tasks at level 4 (High-Demand - Doing) was quite low in these textbooks (Bayazit, 2013; Engin
& Sezer, 2016; Recber & Sezer, 2018). Toprak and Ozmantar (2019) found that the majority of the tasks
in fifth grade mathematics textbooks are at level 1 (Low Demand - memorization) in fifth grade
mathematics textbooks. Bozkurt (2018), in his study examining the different aspects of the tasks as well
as the cognitive demand level, stated that the instructions of many tasks in the mathematics textbook are
insufficient and therefore, students may access inaccurate information. Sevimli and Kul (2015) found that
the use of technology is limited in all content presented, especially in tasks, in middle mathematics school
textbooks. Considering all these limitations and areas of improvement documented in the previous
studies, this study aims to examine the quality of the elementary school mathematics tasks suggested for
remote remedial courses with different perspectives, in particular cognitive demand of the tasks.

Method

Document analysis, a systematic method used for the examination and evaluation of printed or
electronic documents that contain information about the phenomenon under examination (Bowen, 2009;
Yildirnm & Simsek, 2018), was used in this study. The data sources of this study were the sample tasks
recommended to be used in remote remedial courses for grades 1 to 4 by MoNE. The tasks were
downloaded from the link (http://mufredat.meb.gov.tr/201920ikincidonem.html) on the official website
of the MoNE.

The objectives in the document did not include all objectives in the curriculum. There are 124
objectives in the document. 79 objectives are named “critical objectives,” and the others are “non-critical
objectives”. The meaning of critical objectives was not defined, and there was no explanation on what
distinguishes these objectives from non-critical ones in the published documents. Thus, we also used the
same language of critical objectives in this study. The documents include tasks that were designed for a
total of 79 critical objectives from four different learning domains.

The tasks considered as units of analysis were named differently (e.g., instructions, worksheets) in the
documents. Some tasks included sub-sections that could be counted as separate tasks, and the others did
not include any sub-sections. Since there was no consistency in this respect, the researchers determined
the starting and ending points of each task and coded accordingly. For example, a first-grade introduction
task included six tasks with different contexts and addressing different objectives. Thus, researchers split
this introductory task into six, assigned numbers to each task, and coded these six tasks separately. After
assigning numbers to all tasks in the documents, the tasks were ready for analysis.

4
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After determining the number of tasks, their distribution by grade level and learning domain was
examined (Table 1). There are a total of 85 tasks in the document, 21 in the first grade, 31 in the second
grade, 22 in the third grade, and 11 in the fourth grade. According to learning domains, most tasks were
in the measurement domain, and the least number of tasks were in the statistics and data domain.

Table 1.
The Distribution of Tasks According to Grade Level and Learning Domain

Numbers and Operations Geometry Measurement Statistics and Data Total

f f f f f
1% grade 3 9 8 1 21
2% grade 16 - 13 2 31
3t grade 3 7 12 - 22
4th grade 1 3 6 1 11
Total 23 19 39 4 85

Data Analysis

In the study, to examine the cognitive demand of the tasks, AR1l: Potential of the Task Rubric
developed by Boston (2012; 2017) in Instructional Quality Assessment [IQA] Academic Rigor in
Mathematics Toolkit were used. The necessary permission for use was obtained from the researcher.
Boston (2012) referred to the cognitive demand levels framework of Smith and Stein (1998) in the tool
developed to assess the potential cognitive demand levels of tasks (as written) within the scope of her
research. Similar to the framework of Smith and Stein (1998), the first and second levels are low cognitive
demand levels, and the third and fourth levels are high cognitive demand levels (Boston, 2012; Smith &
Stein, 1998). Boston’s (2012) framework was used in this study since it emphasized the importance of the
ideas behind mathematical assumptions in determining the cognitive demand levels of the tasks. In this
framework, levels were named as level 1-memorization, level 2-procedures without connections, level 3-
making implicit connections, and level 4-making explicit connections (Boston, 2012). There is no specific
name for Level 0. The levels used in the analysis framework and their descriptions are given in Figure 1.

The task has the potential to engage students in complex thinking or in creating meaning for
Level 4 mathematical concepts, procedures, or relationships. The task must explicitly prompt for
evidence of students’ reasaning and understanding.

The task has the potential to engage students in complex thinking or in creating meaning for
Level 3 mathematical concepts, procedures, or relationships. The task does not explicitly prompt for
evidence of students’ reasoning and understanding.

The taskis limited to engaging students in using a procedure that is based on prior
instruction, experience, or placement of the task. The task does not require students to make

Level 2 connections to the concepts or meaning underlying the precedure they are using. The focus
of the task appears to be on producing correct answers rather than developing
mathematical understanding
The task is limited to engaging students in memorizing; note taking; ar reproducing facts,
Level 1 rules, formulas, or definitions. The task does not require students to make connections to the
concepts or meanings that underlie the facts, rules, formulas, or definitions they are
memorizing ar using.
Level O The task requires no mathemalical aclivity.

Figure 1. The Levels of Boston’s (2012, p.99) Framework

Boston (2012) stated that in the analysis of multi-part activities, raters should consider the most
comprehensive and highest level of thinking required in the task as they determined the level of the task.
In this study, the cognitive demand levels of each part of the multi-part tasks were determined, and the
highest cognitive demand among the parts was accepted as the task level. The cognitive demand of the

5
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tasks could be increased in the implementation through asking questions, and engaging classroom
discussions. However, since we cannot predict classroom dynamics, only the written forms of the activities
were evaluated in this study.

After determining the cognitive demand of the tasks, the frequency and percentages of task
distribution by grade level were found. Then the findings were presented by comparing the tasks to
emphasize how these levels were determined and to highlight the differences among different level tasks.

In addition to analyzing the cognitive demand levels of the tasks, aspects that could negatively
influence the mathematics learning-teaching process in the written text of the tasks were determined.
Although these aspects do not directly affect the cognitive demand level of the task, the researchers
analyze them because they would negatively influence task quality. All tasks were coded under five
categories called aspects (See Table 2). Existing literature on problem and task evaluation was used to
determine the categories as follows: (i) representation type (Kajender & Lovric, 2009), (ii)
overgeneralization/oversimplification (Kajender & Lovric, 2009), iii) clarity of language (Bozkurt, 2018),
(iv) use of mathematical language (Gonzales, 1994; Ozgen et al., 2019) and (v) presentation of concepts
(Bingdlbali & Ozmantar, 2015). In addition to these categories, printing and grammatical errors were
found in some tasks. These errors were not reported because they did not include mathematical content.

Table 2.
Aspects of the Tasks in the Written Form That Can Negatively Influence the Mathematics Learning-
Teaching Process

Aspect Description

Representation type Inaccurate or imprecise use of figures, pictures, tables, and
graphic representations in the tasks

Overgeneralization/oversimplification ~ Tasks include over-generalization or over-specification
situations that may result in misconceptions.

Clarity of language The language used in the task is not clear and understandable

Use of mathematical language Inaccurate or imprecise use of mathematical symbols and
language in the tasks

The language used in the tasks was colloquial rather than
formal mathematical language.

Presentation of concepts Presence of mathematical errors in the definition or
presentation of the concepts in the tasks.

The content analysis method was used to analyze the tasks. The tasks were coded by two mathematics
education researchers. In the coding of the nine tasks where researchers could not reach an agreement,
and the opinion of the third researcher was consulted. These tasks were discussed with the third
researcher until a consensus was reached. The agreement among coders, inter-rater reliability, was
calculated by the similarity ratio formula [Reliability coefficient = the number of agreements/ total
number of agreements plus disagreements) x 100] defined by Miles and Huberman (1994). Inter-rater
reliability was calculated as .89.

In this study, all the rules stated in “Scientific Research and Publication Ethics Statements for Higher
Education Institutions” were followed, and none of the actions declared under the title “Actions
Contradictory to Scientific Research and Publication Ethics” -which is the second part of the statement-.
Ethical approval was obtained from the Marmara University Research and Publication Ethics Committee
(approval date 21.02.2021, approval number 2021/112).
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Findings

The study's findings were presented under two sections: cognitive demand and aspects of the task
that can negatively influence the teaching-learning process.

Cognitive Demand of the Tasks

The distribution of potential cognitive demand levels of the tasks is given in Table 3.

Table 3
Distribution of Cognitive Demand Level of the Tasks*
Low Cognitive Demand High Cognitive Demand
Level 1 Level 2 Level 3 Level 4

f % f % f % f %
1™ grade 1 1.2 15 17.6 4 4.7 1 1.2
2th grade - - 16 18.8 13 15.3 2 2.4
3" grade 1 1.2 11 12.9 10 11.8 - -
4t grade - - 6 7.1 5 5.8 - -
Total 2 2.4 48 56.4 32 37.6 3 3.6

* Since there was no activity at Level 0O, it was not added to the table.

As shown in Table 3, there are two (2.4%) tasks at Level 1, 48 (56.4%) tasks at Level 2, 32 (37.6%) tasks
at Level 3, and three (3.6%) tasks at Level 4. This distribution shows that the tasks are mainly at Level 2
and Level 3. In addition, the majority of the tasks suggested for each grade level are at Level 2. For Level
4 tasks, there is one task in the first grade and two in the second grade, and no task in the third and fourth
grades.

In this section, tasks from different cognitive levels were presented, and then the reasons for such
classification were explained. One of the two tasks at Level 1 is a first-grade geometry task. The task (p.16)
is designed for naming geometric shapes by classifying them according to the number of vertices and
edges. In this task, poems about geometric shapes (square, rectangle, triangle, circle) were given (e.g.,
Figure 2); students were asked to read poems, draw the shapes and copy poems in their notebooks. The
tasks went beyond the literacy task since they asked students to draw the shapes described in poems.
Since drawing the shapes is a mathematical task, it has moved the task from Level O to Level 1. At first,
since the poem emphasizes the features of geometric shapes, it is considered a higher demand activity.
However, since there is no instruction in the written text that requires students to explain their
mathematical thinking and emphasizes the relationships between concepts and their features, the
cognitive demand level of the activity did not reach high levels.
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Me kigem var ne kenarim
Yusyuvarlak her yanim Do you know a proverb about the importance of the time?

Let me tell vou one. "Time is money”

Share what you know with your friends.

Tipki teker gibiyim
Tikar tikir dénerim.

GOREY ZAMANI

I hawve neither corner nor edge Exjrenclersden e birpliklarinden yarden alarak, yagamiaryla g betli bagh oleylan yi, ay, haka, gin
Ilm ﬂl]_ rl}u[ld o irr il hulbetar ah ronoloph. Sy @ Boyrralan dbfed
I'm just like a wheel TASK TIME
I roll perfectly With the help of family elders, students are asked to

chronclogically order certain events in their lives

Figure 2. An Example of First-Grade using the cencepts such as vear, month, week, and day.

Task in the Geometry Domain (Level 1) Figure 3. An Example of Third-Grade Task in the

Measurement Domain (Level 1)

The other Level 1 task was a third-grade measurement task (p. 13) that was designed for the “Explain
the relationship between time measurement units” objective. The objective emphasized the explanation
of the connections between year-week, year-day, and minute-second. In the task (Figure 3), students
were asked about the chronological order of the important events in their lives. While the curriculum
emphasized the need for students to make a connection between the concepts of time, no question was
asked to create such a connection in the examined task. Since the scope of the task is limited to
“memorizing or reproducing facts, rules, formula, or definitions.” and no connections were made among
concepts, the cognitive demand level was determined as Level 1.

Sections from two different tasks in the second-grade numbers and operations learning area are
shown in Figure 4 and Figure 5. The first two questions (Figure 4) in the task (p.14) focus on performing
division operations and producing a correct response rather than developing a conceptual understanding
of the division concept. Although this is the case for the first two questions, the last question includes
“little ambiguity about what needs to be done and how to do it.” It is sufficient for the student to use a
certain strategy (division, repeated addition, or subtraction) to solve the problem. Therefore, the cognitive
demand level of the task was determined as Level 2. In the task in Figure 5 (p. 16), there were questions
on whether the sharing is fair or not. The effort to make students aware of the difference between fair
and equal sharing showed the reasoning expected at a Level 3 task. Since the task did not ask for explicit
evidence for students’ reasoning in creating connections between repeated subtraction and division as
well as the difference between fair and equal sharing, the task was not coded under Level 4.
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&) 15 findi cuba padastinbuor, Fer cooutn kae findk o

» 0 + 5 - Jhwnatn are f.l'mﬂc m hht dren. How |ran» nuts do ta*h child
get? R B) 4 03
1] :-'II T ht §| | ] IL II|-'I I | '|l.| l'll":'l I||'I,:'III ll!l'-lll,lf T
Solve the following decisions. B ebmedi 7 oleus esit seblde poulosiruor
sofidoki bolme islemlerini wopinz A :"Ltl meets the bread I'I"E‘dn mnfamlc- Every day, he shares §
‘ , breads equally to 2 families.
10)2 8§14 12|12 J |3 6|2 gt Har bir aleus kacor exmek varmis olur!
I i
r» \ ol 000t Dir pOCRMm OIMUS Mudur?
Senay, who drinks 2 glasses of orange juice a day, drinks 18 glasses of B Sizee aileleri olusturan birey souglon fork olsoudi odaleti bir poudasin
orange juice in how many days? lur i

A ML
How many breads do each family get?
Do vou think, it is a fair share?
L‘J’ qunae | o' Do you think it would be a fair share if the numbet of family members
differs?

b Giinde 2 bordok portokal suy icen Senoy, 18 bandok portokal suyunt

Figure 4. An Example of Second-Grade Task in the Figure 5. An Example of Second-Grade Task in
Numbers and Operation Domain (Level 2) the Numbers and Operation Domain (Level 3)

Another comparative example is given by two tasks in different topics of measurement learning
domain. The first task was a second-grade task designed for the “Solves problems using the length
measurement unit” objective. In one part of the task (p. 90), the amount of fabric required for the
products to be produced was given, and the students were asked to answer the questions using this
information (Figure 6). Students’ prior knowledge and experience should be considered in deciding the
cognitive demand of the task (NCTM, 2014). In the task, students are required to do multiplication,
repeated addition, and division using the given lengths. The examination of the mathematics curriculum
shows that the initial focus is given to multiplying numbers up to 10 by 1, 2, 3, 4, and 5. The last question
in Figure 6 has more than one solution (e.g. multiplication, repeated addition). Since the second-grade
students have recently learned multiplication, solution ways might not be evident for them. Therefore
this question was accepted as a problem. If the same questions were asked to fourth-grade students,
these questions would not be considered a problem considering the fourth-grade objectives. As a result,
although this task included a problem-solving situation, since students were not asked to explain their
mathematical reasoning and support it with evidence, the task was classified as Level 3.
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Ll ‘ 2. The amount of fabric required for each product.
2. Tablo: Grinler Igin Gereken Kumasg Miktari

Uriin [ Kumas Miktar | Product The amount of fabric

Elbise | 8m Dress em

Sapka 2m

Mont | 5m Hat o m

Yelek 4m

Coat 5m
Bir fabrikada tiretilen her tiriin icin gereken kumag miktarlan

yukarida verilmistir. Asagidaki sorular tabloya bakarak yanitlayi- Vest 4m
nizZ. The amount of fabric required for each product produced in a factory is

given above. Answer the questions below by looking at the table.
5 Adet elbise igin kag m kumus gerekmektedir?
How many meters of fabric are needed for 5 dresses?

1 adet sapka, 1 ader yelek icin toplam kag m kumas gerek- s
mektedir? How many meters of fabric are needed for 1 hat and 1 vest?

3 adet elbise ve 4 adet mont igin toplam kag m kumas gerek-
mektedir?

Demet has ordered 10 hats and 8 coats to sell in her store. How many
....................................................... meters Of fabric are needed fOr MS- Demet’S Ol’deI’S?
Demet Hanim, magazasinda satmak icin 10 ader Sapka, 8 e

adet mont siparig etmistir. Demet Hanim'in siparisleri icin toplam  How many vests can be produced with the amount of fabric needed for 4
kag m kumasg gerekmektedir? coats?

4 adet mont igin gereken kumas miktari ile kag adet yelek
uretilebilir?

Figure 6. An Example of Second-Grade Task in the Measurement Domain (Level 3)

) . - ; Buse liked her friend’s cherry jam very much. So she takes
Buse, arkadasinin visne regelini cok sevmistir. Bu ylizden malze- . X . ) . ,
me listesini alir ve tarifi evinde dener. Buse'nin receli, arkadasinin- the ingredient list and tries the recipe at home. Buse’s jam
kine benzememistir. was not like her friend’s.
Buse, yaptigi recelin neden farkli oldugunu aragtirmistir. Bunun Buse searched for the reason why the jam was different.
sonucundettarlﬂe kullandigi bardak ve kasigin arkadasininkinden She realized the glass and spoon she used in the recipe
farkli oldugunu anlamistir. . i )

were different from her friend’s.
Answer the following questions based on the text above.

Yukarida verilen tarifte herkesin ayn miktarda kullanacag triin e Which ingredient did everyone use in the same

Asadidaki sorulan yukarida verilen metne gdre yanitlayiniz.

.

i . .
hangisidir? amount in the recipe above?

« Uriinlerin miktarini ayni dlgme araci ile kullanmanin faydalan e What are the advantages of using ingredients with the
nelerdir? same measuring tool?

« Tarifi herkesin ayni sonuca ulasmasi igin yazacak olursak, ne o If it were to write the recipe so that everyone would

yapmamiz gerekir? get the same result, what should we do?

Figure 7. An Example of Second-Grade Task in the Measurement Domain (Level 4)

A measurement task (p. 71) that was designed for “solving problems related to the mass measurement
unit” includes five problems with different contexts. In one of these questions (Figure 7), a problem
situation was presented in which Buse made jam according to her recipe. However, her jam was not
similar to what her friend did, and various questions were asked about this situation. The use of non-
standard measurement units (glass, spoon) caused the recipes to produce jams with different flavors.
Through highlighting this problem situation, the task aims to emphasize the importance of using standard
measurement units. This task was coded as high cognitive demand level because it caters “doing
mathematics”, “using non-algorithmic thinking”, “evidence for reasoning and understanding”, and
“developing an explanation for why formulas or procedures work”. The task was classified as Level 4, as
it was asked the underlying reason for the mathematical idea of using standard measurement units (using
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kilogram) in the last question. This emphasis is also important because it focuses on the mathematical
idea explored in the problem-solving process rather than carrying out procedural calculations.

Aspects of the Task that can Negatively Influence the Teaching-Learning Process

After examining the cognitive demand of the tasks, the aspects of the tasks that can negatively
influence the mathematics teaching-learning process were discussed. The distribution of these aspects by
grade levels under the determined categories is given in Table 4.

Table 4.
The Distribution of The Aspects That Can Influence Negatively the Mathematics Teaching-Learning Process
by Grade Level

1*" grade 2th grade 3th grade 4t grade Total
Aspect* f f f f f
Clarity of 1 8 1 2 12
language
Presentation of 3 6 3 3 15
concepts
Representation 2 4 - 4 10
type
Use of 1 5 3 1 10
mathematical
language
Overgeneraliza 1 2 1 - 4
tion/oversimpli
fication

*More than one aspect can be coded in a task.

As seen in Table 4, the inaccurate presentation of concepts (f= 15) and the lack of clarity in the
language (f= 12) are found as two dominant aspects of the tasks. The use of unclear mathematical
language in the tasks may result in difficulties in understanding the explanations, problems, or questions.
Further, it could cause different interpretations of the text. A second-grade task about “money” (p. 56) in
the measurement learning domain could be an example of this unclear language use (Figure 8) in the
question stem.

1. Asagidaki kumbaralardan, icinde 1 TL olanlari isaretleyelim.
1. Mark the piggy banks containing 1 TL.

50 kr

50 kr
+1 tane +2 tane
25 kr 25 kr

Figure 8. An Example of Second-Grade Task in the Measurement Learning Domain

2 tane
25 kr

2 tane
50 kr

In the question in Figure 8, students were asked to mark the piggy banks containing 1%. In this
question, students could say that there is no 1% coin in any piggy bank or first- second piggy banks contain
a total amount of 1£. This could negatively influence the implementation of this task in the instruction.

Another aspect is the inaccurate presentation of the concept. A second-grade task in the
measurement learning domain could be an example of this aspect. In the task, the concept of leap year
was mentioned, and the following explanation was provided for the calculation method, “The years in
which February has 29 days are called leap years. When calculating a leap year, we look at the last two
digits of the year. If the last two digits are divided by four, it is not a leap year." (p. 8). This method of
calculation is mathematically incorrect. The correct explanation is that years divided by four without a
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remainder are leap years, and the years divided with a remainder are the ones in which February has 28
days. Even if the explanation about the leap year calculation method in the content is corrected, the
calculation method was not presented in a way that students could explore the mathematical reasoning
behind this method. In three tasks of the same measurement topic from first (p. 11) and second grade (p.
128-129), the number of days in a month was generalized as 30 days. Information of “All months have 30
or 31 days, except for February, which is 28 days (29 days in leap years only)” (Britannica, 2020; Oliver,
1998) was not stated in the task.

For some tasks, researchers coded more than one aspect of the task that can negatively influence the
teaching-learning process. A fourth-grade task for “constructing a bar graph” and “using different
representations to represent obtained data” objectives (p. 12) is an example of this case. In the task,
students were expected to research a variety of fish species’ swimming speeds in kilometers per hour and
to represent the speeds using a tally sheet or a frequency table. An example table and bar graph
representation for a data set are given in the task (Figure 9 and Figure 10).

THE FASTEST FISH IN THE SEA 120

DENIZLERIN EN HIZLI BALIKLARI 100
Yelken Babi Sailfish 110km 80
(Cizgili Marlin Striped Marlin B0 km o
Vahu Baligi Wahoo 18km
40
. . Atlantic bluefin
. Guney mav Yuzgecli Ton Babgi Sins ‘ 76km .
San \ruzged_ Ton Ea!‘@ Yellowfin tuna 7L km M Yelken Balig Cizgili Marin Vahu Balig
. . 0 G.Mavi Yiizgecli _mSar Yizgecli ton

Figure 9. An Example of Fourth-Grade Task in the  Figure 10. An Example of Fourth-Grade Task in the
Statistics and Data Learning Domain - Table Statistics and Data Learning Domain - Graphical
Representation Representation

The presented table in Figure 9 was named incorrectly as frequency table (inaccurate presentation of
the representation). Instead, such representation should be used to represent discrete data. Further, the
column headings are not given in the table, and the axes are not named in the bar graph (representation
type). One other mathematical error was that the unit of speed is expressed as in km instead of km/h.

In 8 out of 85 tasks, mathematical language was used inaccurately. For example, in a second-grade
geometry task, students were asked to measure the lengths of the objects in given pictures. Students
were asked to measure the "length of seating space of a chair" (p. 86). This is coded as an inaccurate use
of mathematical language because the side lengths of the seating were tried to be meant.

At last, some tasks included over-generalizations/over-simplifications that could result in potential
mathematical misconceptions. A task on measuring lengths could be an example of this aspect. Measuring
length topics are in second, third, and fourth grades. In these tasks, students were generally asked to
express the length measurements in millimeters, centimeters, and meters. The striking situation in this
regard is that while a similar approach is followed in the second and third grades, a different approach is
followed in the fourth grade. In a second-grade task (p. 81), the following language was used: “we
measure objects such as seats, trees, fabrics in “meters”, and glass, computer, pencil in “centimeters”.
This task did not emphasize that meters and centimeters are measurement units. Centimeters and meters
were introduced as two distinct concepts (p. 82). The length of a tree or fabric can be expressed not only
in meters but also in centimeters. In the fourth grade, the same errors were observed less frequently, and
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a more appropriate language was used compared to the second and third grades, such as “we measure
many lengths with meters and centimeters, but for smaller objects, we use millimeters." (p. 24).

Results and Discussion

In this study, the quality of tasks recommended for distance education at the elementary school level
was examined from multiple perspectives, in particular cognitive demand levels. The results of the study
showed that the majority of the tasks were at low-cognitive demand level, the distribution of the cognitive
demand levels was not balanced, and some tasks included mathematical errors. In addition, study results
showed the potential of these tasks and to what extent they could promote meaningful and rich
mathematical learning opportunities for the students.

The first main result of the study is that the majority of the tasks were classified as low cognitive
demand tasks. This result is in parallel with the findings of the studies examining the cognitive demand of
textbook tasks (Bayazit, 2013; Engin & Sezer, 2016; Recber & Sezer, 2018). Providing students with low-
level tasks frequently makes them fast and fluent practitioners of mathematical operations, rules, and
formulas (Boston, 2012). This does not align with the elementary mathematics curricular aim of equipping
students with higher-order thinking skills such as problem solving, reasoning, and mathematical thinking
(MoNE, 2018). To develop these higher-order thinking skills, students should regularly experience high
cognitive demand tasks (Boston, 2012, Stein & Lane, 1996). Students engaged with such tasks start to see
mathematics as an effort to create meaning. (Huinker & Bill, 2017). Although the importance of high
cognitive demand-level tasks in the student's understanding and learning of mathematics is evident, it is
striking that the number of tasks at level 4 is quite limited in this study. In addition, researchers (Boston
et al., 2019; Henningsen & Stein, 1997; Stein et al., 2000) stated that the cognitive demand levels of the
tasks tend to be implemented at a lower level than the potential level in practice. As a result of this
tendency, it is expected that the number of tasks coded at high demand level, in this study, would be
lessened in the implementation. This would limit opportunities for meaningful and rich mathematics
learning in the classroom (NCTM, 2014).

One of the possible reasons for the study result of more tasks with low cognitive demand is that
elementary school mathematics is perceived as easy (Lannin & Chval, 2013). It may be thought that the
students can learn elementary school mathematics topics without engaging in complex problem
situations, and then tasks might be mostly designed at the low cognitive demand level. Contrary to this,
Huinker and Bill (2017) stated that all students, including preschools, can engage in higher cognitive
demand tasks that support mathematical reasoning and problem solving. Also, the importance of
elementary school mathematics for establishing a foundation for mathematics in upper grades and
advanced mathematics should be considered (Wu, 2009). Thus, conceptual learning should be achieved
with tasks that require higher cognitive demand in elementary school mathematics. (Stein & Lane, 1996;
Wilhelm, 2014). This conceptual learning supports students' understanding of the relations between
concepts and operations, and their transfer of this learning (Hattie et al., 2016).

Another important result of the study is that some aspects of the tasks may negatively influence the
teaching-learning process, and many tasks include mathematical errors. Similarly, Bozkurt (2018) also
found that the tasks had some problems in terms of applicability, the tasks’ instructions were not clear
enough, and the tasks included mathematical errors. These kinds of tasks could result in misconceptions
and incorrect mathematical conceptualization. As a result of the immediate transition to distance
education due to the pandemic, teachers did not have enough time to review the quality of the tasks. In
particular, in addition to difficulties in communicating with students (e.g. not being able to attend
synchronized lessons, limited in-class interaction), the use of tasks without having a thorough assessment
of their mathematical accuracy and quality can result in quality problems in mathematics instruction.

While examining the tasks, an interesting finding drew our attention. All tasks, except one, did not
include any educational technology. In one task, students were asked to search on the internet, which is
not a unique educational technology for teaching mathematics. Since the tasks are recommended for use
in distance education, they are expected to meet the needs of distance education by being supported by
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technology. Contrary to this expectation, the use of technology is not integrated and recommended in all
tasks, except one task. The lack of technological tools used in the task can negatively affect the learning
opportunities and the opportunities to provide students with effective mathematics instruction (Kazak,
2020; NCTM, 2000). Because studies suggest that technological tools such as virtual manipulative and
dynamic software support students' conceptual understanding of mathematics and contribute to a strong
mathematics foundation, especially in elementary school mathematics, in distance as well as in face-to-
face instruction (Cheung & Slavin, 2013; Reimer & Moyer, 2005; Rich, 2020; Wills, 2020). In addition, one
of the goals of the elementary school mathematics curriculum is to develop students’ technological and
digital competence (MoNE, 2018). Failure to reflect this curricular approach in the recommended tasks
may have negative consequences in terms of long-term educational outcomes.

The fast transition to distance education requires teachers to adapt quickly to this situation.
Supporting remote mathematics instruction through recommending tasks is significant for facilitating this
adaptation process of teachers. However, all the responsibility for addressing the problems and
mathematical errors reported in this study is left to teachers in their classroom practices. Since teachers
take initiative to decide how to use the tasks in classroom practices, one can assume that these problems
will be addressed. However, studies showed that classroom teachers have difficulties in understanding
and teaching different mathematical concepts (Hill, 2010; Ozmantar & Bingélbali, 2009; Toluk Ugar, 2011;
Yildizlh & Sari, 2017). Considering elementary school teachers’ mathematical difficulties and their
adaptation difficulties in distance education, mathematical error free high cognitive demand tasks that
meet the needs of distance education settings should be shared with teachers.

Considering these results, revision of the tasks to be compatible with distance education, enrichment
of the tasks with technological tools to promote conceptual understanding, and elimination of the
mathematical errors could be suggested for these published tasks. Further, in the task design process,
experts should check the task content to make sure that all tasks are free of mathematical errors and
suitable for distance education. In this context, the questions of who designed and checked these tasks,
and by which criteria they evaluated should be asked. In addition, the individuals who design and examine
these tasks should be knowledgeable about what high cognitive demand tasks entail and make their
design decisions accordingly. The cognitive demand level of these published tasks can be increased
through revisions. For instance, different from Level 3 tasks, Level 4 tasks require students to explain their
thinking behind a solution strategy or answer (Munter, 2014). The task at Level 3 could be progressed into
Level 4 by explicitly asking for evidence for students’ thinking, reasoning, assumptions, generalizations,
and inferences (Boston, 2012, 2017).

In this study, the tasks suggested for distance education by the MoNE were examined. Although
examining these tasks as they were published gives an idea about mathematics instruction, there are
many factors that affect the implementation in classes. Studies have shown that teachers tend to
implement high cognitive demand tasks at a lower level in their classroom practices (Boston et al., 2019;
Henningsen & Stein, 1997; Stein et al., 2000). In addition, they stated that teachers who have effective
teaching skills can increase the cognitive demand of a low level task to a high level (Smith & Stein, 1998;
Stein & Smith, 1998). In future studies, in addition to examining the potential cognitive demand levels of
distance education tasks, it will be useful for practitioners and researchers to investigate how these levels
are affected in classroom practice observations. Since the implementation of high cognitive demand tasks
is not easy for teachers, teachers should be supported with professional learning opportunities to develop
the competencies required for the implementation of high cognitive demand tasks in their classroom
practice (Tekkumru-Kisa et al., 2020). According to NCTM (2014), teachers should be competent in
determining the cognitive demand level of tasks they will use in their classrooms and selecting higher-
level tasks. In this study, explaining the details regarding cognitive demand levels and the differences
across the levels, as well as providing concrete examples from the tasks could support these competencies
of teachers in their professional development.
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Tiirkge Siirimui

Giris

Kiresel diizeydeki COVID-19 salgini sebebiyle birgok (lilkede oldugu gibi Tirkiye'de de tim sinif
diizeylerinde 2020 yih Mart ayi (2019-2020 egitim-6gretim yili) itibariyle uzaktan egitime gegilmistir.
Uzaktan egitime gecilmesi ile Egitim Bilisim Agi (EBA) egitim-6gretimde 6n plana ¢ikmistir. EBA, Tiirkiye
Cumhuriyeti Milli Egitim Bakanligi (MEB) tarafindan kurulan sosyal nitelikli egitsel elektronik icerik agidir.
Uzaktan egitim slrecinde EBA-TV Uzerinden canl olmayan ve EBA platformu Uzerinden canh dersler
ylratilmistir. MEB ortaya gikan bu olaganistii durumu ve olasi sonuglarini g6z 6niine alarak 2020-2021
egitim-6gretim yili baglamadan 6nce derslerini diizenlenmeye karar vermistir. Telafi derslerinin amaci,
pandeminin baslangicinda yapilamayan derslerin telafisi ve uzaktan egitim ile 06grenmenin
pekistirilmesidir. Bakanlk telafi egitimine katki saglamasi amaciyla 2019-2020 egitim-6gretim yilinin bahar
doneminde uzaktan egitim ile yiritilen derslerin Gst sinif matematiginde temel olan kritik konu ve
kazanimlari belirlemistir. Belirledigi bu kazanimlara yonelik her sinif diizeyinde etkinlik ornekleri
hazirlayarak bu etkinlikleri elektronik olarak hem EBA platformu hem de resmi web sitesi Gzerinden
yayinlamistir. Ogretmenlerin etkinlikleri dgrencilerinin ihtiyaglarina gére dogrudan kullanabilecegi,
uyarlayabilecegi ya da kendi etkinliklerini hazirlayabilecegi ifade edilmistir (MEB, 2020). Yuritllen telafi
egitimlerinde kullanmak Uzere 6rnek matematik etkinliklerinin sunulmasi 6grenme-6gretme siirecinin
desteklenmesi ve 6grencilere 6grenme firsatlari sunma adina énemlidir. Clinkii 6grenciler matematik
dersinde zamanlarinin ¢ogunu bu etkinlikler ile gecirmekte (Boston & Smith, 2009) bu da onlarin
matematik hakkindaki diisinmeleri ve anlamalarini belirlemektedir (Doyle, 1988).

Matematik egitiminde etkinligin yeri ve 6nemi acik olsa da her etkinligin iyi tasarlanmis oldugu ve
dgrencilere 8grenme firsati sagladigi soylenemez (Ozmantar & Bingdlbali, 2015). Ornegin Amerikan Ulusal
Matematik Ogretmenleri [National Council of Teachers of Mathematics (NCTM)] (2014), etkili bir
matematik egitiminde kullanilan etkinliklerin akil yuritme ve problem ¢ézmeyi desteklemesi gerektigini
ifade etmektedir. Ogrencilerin akil yiriitmesini, problem ¢6zmesini ve diisiinmesini gerektiren bu tiir
etkinlikler ise bilissel istem diizeyi ylksek olarak kabul edilmektedir (Smith & Stein, 1998). Yiiksek bilissel
istem diizeyinine sahip olmanin yani sira etkinliklerin niteligini arttiracak olan bircok farkl 6zellikten
bahsedilebilir (Ozmantar & Bingélbali, 2015). Ornegin; anlasilirligi arttirmak adina yénergelerin agik olmasi
(Bozkurt, 2018; Yesildere-imre, 2020), kavramlarin matematiksel olarak dogru sunularak égrencilerde
zorluk ve yanilgi olusturmamasi (Kajander & Lovric, 2009), matematiksel dilin dogru kullanilmasi (Kajander
ve Lovric, 2009) gibi bircok 6zellik siralanabilir. Ek olarak etkinliklerin tasariminda teknolojik araglarin
(dinamik yazilimlar, uygulamalar, sanal manipilatifler vb.) Gstiin yonleri kullanilarak 6gretim uygulamalari
ve 6grencilerin 6grenme firsatlari artirilabilir (Kazak, 2020; NCTM, 2000).

Yiz ylze egitimde oldugu gibi uzaktan egitimde de matematik dersinde uygulanacak etkinliklerin
nitelikli olmasi 6grencilere sunulan 6grenme firsatlarini belirleyici etkenlerden biridir (Barlow vd., 2020).
Uzaktan egitimin niteliginin ylksek olmasi durumunda 6grencilerin matematik dersine dair 6grenme
kayiplari distk nitelikteki uzaktan egitime gore daha az olmaktadir (Dorn vd., 2020). Bu nedenle, 6grenme
kayiplarini azaltmak icin dnerilen bu telafi egitimlerinin niteligi yliiksek olmalidir. Bu baglamda, etkinliklerin
iyi tasarlanmis ve niteliginin yiiksek olmasi beklense de ilkokul matematik etkinliklerinde bu beklenti daha
fazladir. Clinki ilkokul matematiginin ileri sinif diizeylerindeki matematigin temeli olmasi ve 6grencilerin
ileride matematigi nasil algiladigini etkilemektedir (Reys & Fennell, 2003; Wu, 2009). Dolayisiyla ilkokul
seviyesinde 6grencilerin matematigi anlamalarina katki saglayacak etkinliklerin sunulmasi gerekmektedir.
Bu calismanin amaci uzaktan telafi egitimleri igin onerilen ilkokul matematik etkinliklerinin basta bilissel
istem diizeyi olmak Uzere farkli agilardan incelenmesi ve niteliginin ortaya konmasidir. Calismanin amaci
dogrultusunda asagida yer alan arastirma sorularina cevap aranmistir. MEB tarafindan uzaktan egitimde
kullaniimak Gzere 6nerilen 1-4. sinif diizeylerindeki

e matematik etkinliklerinin bilissel istem dlizeyleri nedir?
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e matematik etkinliklerinin yazili metin icerig§indeki matematik 6grenme-6gretme sirecini
olumsuz etkileyebilecek etmenler nelerdir?

ilgili Alan Yazin

Matematik dersi ile 6grencilerin matematik okuryazarliginin gelistirilmesi, matematik kavramlarini
anlamasi, problem ¢6zme sirecinde akil yiiriitme gibi becerilerin kazandiriimasi amaglanmaktadir (MEB,
2018). Ogretim programinda belirtilen bu hedeflere ulasmak icin matematik derslerinde ders kitaplari,
problemler, materyaller, 68retim gorevleri gibi bircok araci kullanilmaktadir. Bu ¢alismada, “Belirli bir
matematiksel diigtincenin gelisimine ayrilmig bir sinif aktivitesinin bolimu” olarak tanimlanabilecek
Ogretimsel etkinliklere odaklandik (Stein vd., 2000, s. 8). Matematik 6gretiminde etkinlikler 6grenilen
icerigi belirlemenin yani sira 6grencilerin  matematigi nasil dusindiklerini, kullandiklarini ve
anlamlandirdiklarini da belirledigi icin biliyik 6nem tasimaktadir (Stein vd., 1996). Matematik dersinde
kullanilan etkinlikler; ¢coklu temsiller, icerdigi ¢6zim yollarinin gesitliligi gibi bircok farkli perspektiften
incelenebilir (Stein vd., 2000). Bu perspektiflerden biri de etkinligin sahip oldugu bilissel istem dlzeyidir.
Bilissel istemden kasit “6grencilerin etkinligi cozmeleri ve basariyla tamamlamalari igin ihtiya¢ duyduklari
distinme tird ve dizeyi”dir (Stein vd., 2000, s. 11). Uluslararasi alan yazinda “cognitive demand” olarak
kullanilan kavram iilkemizde “bilissel istem” (Engin & Sezer, 2016; Toprak & Ozmantar, 2019) ve “bilissel
talep” (Guzel vd., 2020; Yabas & Altun, 2020) olarak iki farkli sekilde ele alinmistir. Bu calismada ise kavram
“bilissel istem” olarak kullanilmistir.

Matematiksel etkinlikler 6grencilerden bilissel olarak birbirinden farkli gereklilikleri yerine getirmesini
isteyebilir. Ornegin bir etkinlik 6grencinin bir matematiksel islem ya da algoritmayi ezberlemesini, bunlarla
ilgili uygulama yapmasini ya da kompleks diisinme ve matematiksel akil yiiriitme stratejileri kullaniimasini
gerektirebilir (Estrella vd., 2020). Bu farkliliklar da etkinligin sahip oldugu farkli bilissel istem diizeylerini
meydana getirmektedir. Stein ve arkadaslari (Smith & Stein, 1998; Stein vd., 1996) bu farkl diizeylerin ne
anlama geldigi alan yazina kazandirmiglardir. Yapilan siniflandirmaya gore etkinlikler diisiik (i. ezberleme,
ii. iliskisiz islemler) ve yulksek (iii. iliskili islemler, iv. matematik yapma) bilissel istem diizeyi olmak lzere
iki ana kategoriye ayrilmaktadir. Dislk bilissel istem gerektiren etkinliklerde 6grenciler matematiksel
islemleri, algoritmalari ve olgulari ezberleyip bunlarla ilgili alistirma yapmaktadir. Bu da onlari hizli ve akicl
bir sekilde bu islemlerin uygulayicisi haline getirmektedir (Boston, 2012). Yiiksek bilissel istem gerektiren
etkinliklerde ise 6grencilerin matematiksel fikirler izerine diisiinmesi, akil ylritmesi ve anlamlandirmasi
gerektigi icin 6grenciler matematik ile ilgili zengin bir anlamaya sahip olabilir (Boston, 2012).

Dusuk bilissel istem diizeyindeki etkinlikler isleme dayal oldugu icin 6grencileri bilissel olarak daha az
zorlarken, yiksek bilissel istem diizeyindeki etkinlikler ise 6grencilerin st diizey disinmesini ve kompleks
bilissel bir caba sergilemesini gerektirmektedir (Stein vd., 2000). Yiiksek bilissel istem gerektiren etkinlikler
ayni zamanda rutin olmayan etkinliklerdir (Simon & Tzur, 2004). Bu etkinlikler “6grencilerin diistinme, akil
ylriatme ve problem ¢6zme kapasitelerini gelistirmelerini desteklemektedir” (Smith & Stein, 1998, s. 344).
Dizenli sekilde ylksek bilissel etkinlikler ile gergeklestirilen bir 6grenme neticesinde 6grenciler
matematiksel iliskiler kurar, kavramlar ve siiregler hakkinda daha derin ve zengin bir anlama gelistirirler
(Stein vd., 2000). Bu sirecte 6grenciler matematiksel olarak anlamli ve zengin etkilesimlerde bulunurlar.
Arastirmalar (6rnegin; Boaler & Staples, 2008; Boston & Smith, 2009; Simon & Tzur, 2004) 6grencilerin
sinif icerisinde yuksek bilissel isteme sahip rutin olmayan etkinlikleri ¢ozmelerine daha fazla zaman
ayirmanin, onlarin 6grenmelerine olumlu katki sundugunu géstermektedir. Sinif ici uygulamalarin yani sira
ylksek dizeyde bilissel istem gerektiren etkinlikleri iceren ders kitaplarini kullanan 6grencilerin de
diizenlenen ulusal sinavda matematik alaninda daha basarili oldugu bulunmustur (Hadar, 2017).

Bilissel istem dizeyi yiksek olan etkinlikler etkili bir matematik 6gretiminin vazgecilmez bir pargasi
olsa da 6gretmenler bilissel istem diizeyi yiksek etkinlikleri sinif icerisinde istem dizeyi dusik olarak
uygulama egilimi gostermektedir (Tekkumru-Kisa vd., 2020; Stein vd., 1996; Stigler & Hiebert, 2004).
Sonug olarak, bilissel istem dizeyi ylksek bir etkinlik, sinif uygulamasinda ayni diizeyde kalabilir veya daha
dusik bir istem diizeyinde uygulanabilir. Sinif uygulamalarinda daha duslik bilissel istemde tasarlanan bir
etkinligin bilissel istemini artirmak zordur (Stein vd., 1996; Stein vd., 2000). Bu sebeple sinifta
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uygulanmadan once etkinliklerin yazili halinin yiksek biligsel istem dlizeyinde tasarlanmis olmasi
onemlidir.

Okul 6ncesi dahil olmak Uzere her sinif seviyesindeki 6grenci, yuksek biligsel istem dlzeyindeki
etkinlikler ile ugrasabilir (Huinker & Bill, 2017). Her sinif seviyesinden 6grencinin matematigi anlamasi
onemli olsa da ilkokul matematiginin 6nemine ayri bir parantez agmak gerekmektedir. Clinku ilkokul
matematigi, ortaokul ve lise matematigi ile beraber ileri matematigin temelini olusturmaktadir (Wu,
2009). ilkokulda yalnizca kural, olgu ve islemlerden olusan bir matematigi deneyimleyen, ezberleyen ve
taklit eden bir 6grencinin matematigin glicini anlamasi veya ileri sinif seviyelerinde matematikle
ilgilenmesi pek mimkiin degildir (Reys & Fennell, 2003). Aksine ilkokulda 6grencilerin matematik
konularini kavramsal olarak anlamalari, onlarin lisede matematikte basarili olacaginin bir isaretgisidir
(Bailey vd., 2014; Siegler vd., 2012). Bu sebeplerle ilkokul diizeyinde &grencilere matematigi
anlamlandirmasina katki saglayacak olan yiksek bilissel istem dlzeyindeki etkinliklerin sunulmasi
gerekmektedir (Huinker & Bill, 2017; Van de Walle vd., 2019). Yapilan calismalarda da yiiksek diizeyde
bilissel etkinliklerin, ilkokul 6grencilerinin hem matematigi anlamalarini hem de matematige yonelik
tutumlarini olumlu etkiledigi ifade edilmistir (Ni vd., 2018; Schoenfeld, 2002; Sztajn vd., 2012).

Turkiye'de matematik etkinlikleri izerine ¢alismalar 6zellikle ortaokul diizeyinde yogunlasmis olup
ilkokul ve lise dlizeyindeki yapilan ¢alismalar ise sinirl sayidadir. Birkag ¢alismada (Usluoglu, 2020; Yalgin,
2019) ilkokul diizeyindeki etkinlikler farkli agilardan (Bloom taksonomisi vb.) incelense de bu diizeydeki
etkinliklerin yazili sekillerinin bilissel istem diizeylerinin incelendigi bir ¢calismaya rastlanmamustir. ilkokul
diizeyinde yapilan calismalarda sinirli sayidaki sinif 6gretmeninin sinif icinde uyguladigi etkinliklerin bilissel
istem diizeyleri incelenmistir (Dogan-Coskun & Isiksal-Bostan, 2019; Yabas & Altun, 2020). ilkokul
matematik derslerinde 6grencilere sunulan etkinliklerin bilissel istem dizeylerinin belirlenmis olmamasi
ogrencilerimize nasil bir matematiksel diisinme bicimi ve matematik 6grenme firsatlari sundugumuz
hakkinda yeteri kadar bilgi sahibi olmadigimizi gstermektedir (Boston vd., 2019).

Ortaokul matematik ders kitaplarini inceleyen arastirmalarda (Bayazit, 2013; Engin & Sezer, 2016;
Recber & Sezer, 2018; Toprak & Ozmantar, 2019) etkinliklerin cogunlukla 2. (Dusiik Diizey istemler-iliskisiz
islemler) ve 3. diizeyde (Yiksek Diizey istemler-iliskili islemler) oldugu bulunmustur. Ders kitaplarinda 4.
diizeydeki (Yiksek Diizey istemler-Matematik Yapma) etkinlik sayisi ise oldukgca azdir (Bayazit, 2013; Engin
& Sezer, 2016; Regber & Sezer, 2018). Toprak ve Ozmantar da (2019), besinci sinif matematik ders
kitaplarinda agirlikh olarak 1. diizeyde (Disiik Diizey istemler-Ezberleme) etkinliklerin gogunlukta
oldugunu bulmustur. Biligsel istem duzeyinin yani sira etkinliklerin farkli 6zelliklerinin incelendigi
galismalarin birinde Bozkurt (2018) matematik ders kitabindaki etkinliklerin bircogunun yonergelerinin
yetersiz oldugunu ve bu sebeple 6grencilerin yanlis bilgiye ulasabilecegini ifade etmistir. Sevimli ve Kul
(2015) ise ortaokul matematik ders kitabinda etkinlikler basta olmak Uzere sunulan tiim iceriklerde
teknolojinin kullaniminin kisith oldugunu bulmustur. Bu sinirhliklar ve gelistirme alanlari géz 6niinde
bulundurularak, bu calismada uzaktan telafi egitimleri icin Onerilen ilkokul matematik etkinliklerinin
bilissel istem diizeyleri basta olmak tizere niteliginin incelenmesi amaglanmistir.

Yontem

Calismada dokiiman analizi kullanilmistir. Dokiiman analizi, arastirilan olgu hakkinda bilgi iceren basil
ya da elektronik belgelerin incelenmesi ve degerlendirilmesi icin kullanilan sistematik bir yontemdir
(Bowen, 2009; Yildirm & Simsek, 2018). Bu ¢alismanin veri kaynaklari MEB tarafindan 1-4. siniflar igin
uzaktan telafi derslerinde kullanilmasi 6nerilen 6rnek etkinliklerdir. Arastirma kapsaminda incelenen
dokiimanlardaki etkinlikler MEB resmi internet sitesindeki linkten
(http://mufredat.meb.gov.tr/201920ikincidonem.html) indirilmistir.

Bahsi gecen etkinliklerin yer aldigi dokiimanda yer alan kazanimlar ilkokul matematik mifredatindaki
tiim kazanimlari kapsamamaktadir. Dokiimanda 124 kazanima yer verilmistir. Bu kazanimlarin 79’u kritik
geri kalan 35’i ise kritik olmayan kazanim olarak ifade edilmistir. Dékiimanda kritik kazanim ifadesinin ne
anlama geldigine ya da bu kazanimlari diger kazanimlardan ayiran 6zelliklerin ne olduguna dair bir
aciklamaya yer almamaktadir. Bu nedenle incelenen dokiimanlarda kullanilan dile paralel sekilde bu
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arastirmada da bahsi gegen kazanimlar kritik kazanimlar olarak adlandiriimistir. Sonug olarak hazirlanan
dokiimanda dort farkli 6grenme alanindan toplam 79 kritik kazanim icin tasarlanmis etkinlikler yer
almaktadir.

Arastirmanin analiz birimi olarak ele alinan etkinlikler dokiimanlarda farkli isimlerle (yonerge, ¢alisma
kagidi vb.) adlandinimistir. Bazi etkinlikler, farkli etkinlik sayilabilecek alt béliimler icerirken, digerleri ise
herhangi bir alt b6lim icermemektedir. Bu agidan herhangi bir tutarlilik olmadigi igin arastirmacilar her
bir etkinligin baslangic ve bitis noktalarini belirlemisler ve ona gére kodlama yapmislardir. Ornegin, birinci
sinifta yer alan bir yonergede birbirinden farkli baglamlar iceren ve farkli kazanimlara hitap eden alti
etkinlik oldugundan, bu yonerge boliinerek ayri ayri numaralandiriimis ve alti etkinlik kodlamasi olacak
sekilde analize dahil edilmistir. Etkinlikler bu o&lgltler g6z dniline alinarak numaralandirildiktan sonra
analize hazir hale getirilmistir.

Etkinliklerin sayisi belirlendikten sonra, sinif diizeyi ve 6grenme alanlarina gére dagihimi incelenmistir
(Tablo 1). Birinci sinifta 21, ikinci sinifta 31, Gglnci sinifta 22 ve dérdlncd sinifta 11 olmak Gzere hazirlanan
dokiimanda toplam 85 etkinlik yer almaktadir. Ogrenme alanlarina gére en ¢ok etkinlik 8lgme, en az sayida
etkinlik ise veri isleme 6grenme alanindadir.

Tablo 1.
Etkinliklerin Sinif Diizeyi ve Ogrenme Alanlarina Gére Dadgilimi
Sayilar ve Geometri Olgme Veri isleme Toplam
islemler
f f f f f
1. sinif 3 1 21
2. sinif 16 - 13 2 31
3. sinif 3 7 12 - 22
4. sinif 1 3 6 1 11
Toplam 23 19 39 4 85

Veri Analizi

GCalismada etkinliklerin bilissel istem duzeyini incelemek igin Boston (2012, 2017) tarafindan
olusturulmus Ogretim Niteligini Degerlendirme Matematik Arag Kitinde yer alan Etkinligin Potansiyeli
dereceli puanlama anahtari (AR1: Potential of the Task Rubric) kullanilmistir. Arastirmacidan izin alinarak
calismada kullanilmistir. Boston (2012) arastirmasi kapsaminda etkinliklerin (yazili metninde) potansiyel
bilissel istem dizeylerini degerlendirmek icin gelistirdigi aragta Smith ve Stein'in (1998) bilissel istem
diizeyleri cercevesini referans vermistir. Smith ve Stein'in (1998) cercevesine benzer sekilde birinci diizey
ve ikinci diizey diistk bilissel istem diizeylerini, tG¢linci diizey ve doérdiincii diizey ise yiksek bilissel istem
diizeylerini gostermektedir (Boston, 2012; Smith ve Stein, 1998). Ancak Smith ve Stein'in (1998)
cercevesinden farkli olarak Boston (2012) diizeyleri yeniden tanimlamis ve yeni gostergeler eklemistir.
Boston (2012) etkinliklerin bilissel istem dlzeylerinin belirlenmesinde 6zellikle matematiksel
varsayimlarin arkasinda yatan fikirlerin 6grenme-6gretme sireci icin 6nemini vurgulandigindan
arastirmada bu gercevenin kullanilmasi tercih edilmistir. Bu ¢ercevede sifirinci diizey icin herhangi bir
adlandirma yapilmazken, birinci diizey ezberleme (memorization), ikinci dizey iliskilendirmeden islem
yapma (procedures without connections), Uclinci duzey ortik iliskiler kurma (making implicit
connections) ve en yiiksek diizey olan doérdiinct dizey acikga iliski kurma (making explicit connections)
olarak adlandirilmistir (Boston, 2012). Kullanilan analiz gercevesinde yer alan dizeyler ve bunlarin kisa
actklamalari Sekil 1’de yer almaktadir.
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Ogrencinin kompleks dligsiinmesini ya da matematiksel kavramlann, islemlerin veya iliskilerin
Duzey 4 doegasina yonelik anlamlar olusturmasin gereklirir. Etkinlik ogrencilerin akal yiriime ve
anlamalarinin kanitlarini agikga sunmasini ister.

Ogrencilerin matematiksel kavramlar, islemler veya iliskiler igin anlam olugturmasini veya
Duzey 3 kompleks distinmesini gerektirir. Etkinlik 6grencilerin muhakeme ve anlamalarinin kanitlarim
agikca sunmasini istemez.

Etkinlik, 6grencilerin daha énceki 6gretim, deneyim ya da etkinliklerde yer alan bir

Diizey 2 matemaitiksel islem kullaniimasini gerektirmektedir. Etkinlik, kullanilan matematiksel islem
alunda yatan anlamlar ve kavramlar arasinda iliski kurulmasini gerektirmez. Etkinligin odad
matematiksel anlamanin gelistirmesinden ziyade dogru cevaba ulasiimasidir.

Ogrencilerin kurallari, formidlleri veya tanimlan ezberlemesi, bunlarn yazmasi veya tekrar
Duzey 1 tekrar kullammi ile sirirhdir. Etkinlik, ezberlenen ya da kullanilan kuralin, formaldn, tanimin,
islemin alunda yatan anlamlar ve kavramlar arasinda iliski kurulmasini gerektirmez.

Duzey 0 Etkinlik matematiksel bir gérev icermemektedir.

Sekil 1. Boston’un (2012, s.99) Seviyelerinin Cergevesi

Boston (2012) ¢cok asamal etkinliklerin analizinde, degerlendiricilerin etkinlikteki en kapsamh ve en
ylksek diisinme diizeyini etkinligin diizeyi olarak ele almalari gerektigini belirtmistir. Bu arastirmada da
her bir etkinligin analiz edilmesi slirecinde icinde bulunan matematiksel gérevlerin tiim asamalarinin
biligsel istem diizeyleri arastirmacilar tarafindan belirlenmis ve etkinlikte yer alan adimlardan biligsel istem
diizeyi en yliksek olani etkinligin dlizeyi olarak kabul edilmistir. Etkinliklerin bilissel istem diizeyleri sorulan
sorularla ya da olusturulan sinif i¢i tartismalarla yiikseltilebilir. Fakat sinif ici dinamikler hakkinda bir
tahminde bulunamayacagimiz i¢in bu calismada sadece etkinliklerin yazili halleri degerlendirilmistir.

Etkinliklerin bilissel istem dizeyleri belirlendikten sonra, ilk olarak etkinliklerin sinif dizeylerine gore
dagihimlarinin frekans ve ylzdeleri hesaplanmistir. Ardindan bu dizeylerin nasil belirlendigini ve farkh
diizeyde yer alan etkinlikleri birbirinden ayiran durumlari vurgulamak igin etkinlikler karsilastirilarak
bulgular sunulmustur.

Etkinliklerin bilissel istem dizeylerinin analiz edilmesinin yaninda matematik 6grenme-6gretme
surecini olumsuz etkileyebilecek bazi etmenlerin oldugu da belirlenmistir. Bu etmenler, etkinligin bilissel
istem diizeyini dogrudan etkilemese de etkinligin niteligini olumsuz etkileyecegi icin arastirmacilar analiz
edilmistir. Tum etkinlikler etmen adi verilen bes kategori altinda kodlanmistir (Tablo 2). Kategorileri
belirlemek icin problem ve etkinlik degerlendirmesine iliskin ¢alismalar kullaniimistir: (i) temsil bicimi
(Kajender & Lovric, 2009), (ii) asir genelleme/6zellestirme (Kajender & Lovric, 2009) (iii) ifadelerin netligi
(Bozkurt, 2018), (iv) matematiksel dilin kullanimi (Gonzales, 1994; Ozgen vd., 2019) ve (v) kavramin
sunulusu (Bingélbali & Ozmantar, 2015). Bu kategorilerin disinda bazi etkinliklerde baski ve dilbilgisi
hatalari tespit edilmistir. Bu hatalar matematik icerikli olmadigi icin raporlanmamistir.

Etkinlikler icerik analizi yontemi ile analiz edilmistir. Etkinlikler iki matematik egitimi alan uzmani
tarafindan kodlanmistir. iki arastirmaci dokuz etkinligi analiz ederken kodlamada kararsiz kalmis ve tigiincii
arastirmacinin gorisiine basvurmustur. Bu etkinlikler {i¢clincl arastirmaci ile tartisarak kodlanmis ve
anlasmaya varilmistir. Arastirmada kodlayici glivenirligi olarak da adlandirilan kodlayicilar arasi goris
birligi Miles ve Huberman (1994) tarafindan tanimlanan benzerlik orani formiliu [Glvenirlik katsayisi =
gorus birligi saglanan konu/terim sayisi: (gorus birligi + gorus ayriligi saglanan konu/terim sayisi) x 100] ile
hesaplanmistir. Arastirmanin kodlayici glivenirligi 0,89 olarak hesaplanmistir.
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Tablo 2.
Etkinliklerin Yazili Iceriginde Yer Alan Matematik Ogrenme-Ogretme Siirecini Olumsuz Etkileyebilecek
Etmenler

Etmen Agiklamalar
Temsil bigimi Etkinlikteki sekil, resim, tablo ve grafik temsillerin hatali veya 6zensiz
kullaniimasi

Asiri genelleme/6zelleme Etkinliklerde kavram yanilgisi olusturabilecek asiri genelleme veya asiri
Ozelleme durumlarinin yer almasi

ifadelerin netligi Etkinliklerde kullanilan dilin agik ve anlagilir olmamasi
Matematiksel dilin Etkinlikteki matematiksel sembollerin ve dilin hatali veya 6zensiz
kullanimi kullanilmasi

Etkinlikteki ifadelerde, problemlerde formal matematiksel dil yerine
konusma dilinin kullanilmasi

Kavramin sunulusu Etkinlikteki kavramlarin taniminda veya sunulusunda matematiksel
hatalarin olmasi

Calismada “Yiksekogretim Kurumlar Bilimsel Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmasi gerektigi belirtilen tiim kurallara uyulmustur ve yodnergenin ikinci bolimi olan “Bilimsel
Arastirma ve Yayin Etigine Aykiri Eylemler” baghgl altinda belirtilen eylemlerden higbiri
gerceklestirilmemistir. Marmara Universitesi Arastirma ve Yayin Etik Kurul, 20.01.2021 tarihli 2021/112
saylili karar formu ile etik kurul onayi alinmistir.

Bulgular

GCalismanin bulgular iki alt baghkta sunulmustur: etkinliklerin bilissel istem dizeyleri ve etkinliklerde
6grenme-6gretme sirecini olumsuz etkileyebilecek olan etmenler.

Etkinliklerin Biligsel istem Diizeyleri

Etkinliklerin potansiyel bilissel istem diizeylerine gére dagilimi Tablo 3’te yer almaktadir.

Tablo 3.

Etkinliklerin Bilissel stem Diizeylerine Gére Dagihmi*

Diisiik istem Diizeyi Yiiksek istem Diizeyi
Diizey 1 Diizey 2 Diizey 3 Diizey 4
f % F % f % f %

1. sinif 1 1.2 15 17.6 4 4.7 1 1.2
2. sinif - - 16 18.8 13 15.3 2 24
3. sinif 1 1.2 11 12.9 10 11.8 - -
4. sinif - - 6 7.1 5 5.8 - -
Toplam 2 2.4 48 56.4 32 37.6 3 3.6

*Duizey 0’da etkinlik bulunmadigi icin tabloya eklenmemistir.

Tablo 3 incelendiginde birinci diizeyde iki (%2.4) etkinlik, ikinci diizeyde 48 (%56.4) etkinlik, Gglincl
diizeyde 32 (%37.6) etkinlik ve dordinci dizeyde ¢ (%3.6) etkinlik oldugu gorilmektedir. Bu dagihm
etkinliklerin agirlikh olarak ikinci diizeyde ve (giinci dizeyde oldugunu gostermektedir. Ayrica her sinif
diizeyi icin etkinliklerin biyilk ¢ogunlugunun ikinci dizeyde oldugu belirlenmistir. Birinci sinifta bir, ikinci
sinifta iki etkinlik dérdiinct dizeyde yer almakta olup l¢linci ve dordiinci sinifta dérdiincii dizeyde yer
alan herhangi bir etkinlik bulunmamaktadir.

Arastirma kapsaminda incelenen etkinliklerden farkli bilissel istem diizeyinde drnekler verilmis ve bu
ornek etkinliklerin neden bu dizeyde yer aldig1 aciklanmustir. Bilissel istem diizeyi olarak birinci diizeyde
bulunan iki etkinlikten biri birinci sinif geometri etkinligidir. Etkinlik (s. 16) geometrik sekillerin kdse ve
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kenar sayilarina gore siniflandirarak adlandirilmasina yonelik tasarlanmistir. Bu etkinlikte geometrik
sekillerle (kare, dikdortgen, licgen, cember) ilgili siirler verilmis (6rnegin Sekil 2); 6grencilerin siirleri
okumasi, sekilleri cizmesi ve siirleri yazmasi istenmistir. Ogrencilerden siirlerde anlatilan sekilleri gizmeleri
istendigi icin gorevler okuma yazma gorevinin 6tesine gegcmistir. Sekillerin ¢izimi bir matematiksel gérev
oldugu igin etkinligi sifirinci diizeyden birinci diizeye tasimistir. ilk etapta siirler geometrik sekillerin
ozelliklerine vurgu yaptigi icin istem dlizeyi daha yiksek bir etkinlik olarak disliniilmektedir. Fakat yazili
metinde 6grencilerin matematiksel dislinme sureglerini agiklamalarini gerektiren ve kavram ile dzellikleri
arasindaki iliskilere vurgulayan herhangi bir yénerge bulunmadigi icin bilissel istem diizeyi st diizeylere
¢itkmamistir.

Sevgili Cocuklar,
Zaman kavraminin onemi ile ilgili
bildiginiz bir atasozii var mi?

Bir tane ben size soyleyeyim. “Vakit
nakittir."

Sizde bildiklerinizi arkadaglarinizla
paylasin.

Ne kosem var ne kenarim
Yusyuvarlak her yanim

Tipki teker gibiyim
Tikir tikir donerim.

GOREV ZAMANI

Ogrencilerden aile biiyiiklerinden yardim alarak, yagamlanyla ilgili belli bagh olaylar yil, ay, hafta, giin
gibi kavramlar kullanarak kronolojik siraya koymalar istenir.

Sekil 2. Birinci Sinif Geometri Ogrenme  sekil 3. Ugiincii Sinif Olgme Ogrenme Alani Etkinlik Ornedi
Alani Etkinlik Grnegi (Diizey 1) (Diizey 1)

Birinci diizeyde yer alan diger etkinlik (s. 13) ise “Zaman o6lgme birimleri arasindaki iliskiyi aciklar.”
kazanimina yoénelik tasarlanan Uglinct sinif dizeyindeki 6lgme etkinligidir. Kazanim yil-hafta, yil-gin,
dakika-saniye arasindaki iliskilerin agiklanmasini vurgulamaktadir. Etkinlikte (Sekil 3) 6grencilerden
hayatlarinda &nem tasiyan belli bash olaylari kronolojik siraya koymalari istenmistir. Ogretim programi
Ogrencilerin zaman kavramlari arasinda iliski kurmasini beklerken, etkinlikte bdyle bir iligkinin
olusturulmasina yonelik herhangi bir soru sorulmamistir. Bu etkinligin kapsami “matematiksel olgularin,
kurallarin, formullerin veya tanimlarin ezberlenmesi veya tekrarlanmasi” ile sinirlandirildigindan ve
etkinlikte gecen kavramlar arasinda herhangi bir iliskilendirme yapilmadigindan bilissel istem dizeyi
birinci diizey olarak belirlenmistir.

ikinci sinif sayilar ve islemler 6grenme alaninda yer alan iki farkli etkinlikten alinan kesitler Sekil 4 ve
Sekil 5’te gorulmektedir. Etkinlikteki (s. 14) ilk iki soru (Sekil 4), bélme kavraminin kavramsal bir anlayisini
gelistirmekten ziyade bélme islemlerini gerceklestirmeye ve dogru bir yanit iiretmeye odaklanr. ilk iki soru
icin durum boyle olsa da, son soru “ne yapilmasi gerektigi ve nasil yapilacagi konusunda biraz belirsizlik”
icermektedir. Ogrencinin problemi ¢c6zmek icin belirli bir stratejiyi (b6Ime, tekrarli toplama veya ¢ikarma)
kullanmasi yeterlidir. Dolayisiyla etkinligin bilissel istem diizeyi, ikinci diizey olarak belirlenmistir. Sekil 5’te
yer alan etkinlikte (s. 16) paylastirma isleminin adaletli olup olmadigina iliskin sorular yer almaktadir. Esit
ve adil paylasim arasindaki farki 6grenciye fark ettirme ¢abasi Giglinct diizeydeki bir etkinlikten beklenen
akil yiritmeyi gerektirdigini gostermektedir. Etkinlikte 6grencinin tekrarli ¢ikarma ile bélme islemini
iliskilendirmesi gerekirken 6grencilerin akil yiiriitme ve anlayislarina dair kanit istenmemesi, esit ve
adaletli paylasim arasindaki farkin nedeninin sorgulanmamasi sebebiyle etkinlik dérdiinci diizeye
ctkamamustir.
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Asagidaki ardisik cikarma isleminin bélme islemi seklinde gosterilisi

= = e 79 hangisidir?
1B-3=15]A)15]|3 B) 18| 3 C)18| 4
15-3=12
didoki bolme islemlerini yapiniz 2-3-9
9-3=6
1()L 8|4 12|12 )3 6 »L 6-3.3
3-3=0
. " . o 4) 15 findk 3 cocuga paylastirlliyor. Her cocuga kag findk duser?
% Ginde 2 bardak portokal suyJ icen enay, 16 b andok portokal supr iig 5.5 y

jacr olan iki ailenin gunluk ekmek ihtiyacini karsiliyor. Her

L] qunae icer! 5) Bir finna ihti

gun 8 ekmegi 2 aileye esit sekilde ’a),\‘;s“u yor

#t Her bir aileye kacar ekmek vermis olur?
#t Sizce adaletli bir paylasim olmus mudur?
Sizce aileleri olusturan birey saylan farkli olsaydi adaletli bir paylasim

olur muydu?

Sekil 5. ikinci Sinif Sayilar ve Islemler Ogrenme

Sekil 4. Ikinci Sinif Sayilar ve Islemler Ogrenme Alani Etkinlik Grnegi (Diizey 3)

Alani Etkinlik Ornegi (Diizey 2)

Bir diger karsilastirmal 6rnek ise 6lgme 6grenme alaninin farkli konularinda yer alan iki etkinlik
tizerinden sunulmustur. ilk etkinlik ikinci sinif diizeyinde “Uzunluk élgme birimi kullanilan problemleri
¢Ozer.” kazanimina yonelik hazirlanmistir. Etkinligin bir boliminde (s. 90) Uretilecek Grinler igin gerekli
olan kumas miktari verilmis ve Ogrencilerden bu bilgileri kullanarak verilen sorulari yanitlamalari
istenmistir (Sekil 6). Burada bilissel istem dizeyine karar verirken dikkat edilmesi gereken husus etkinligi
yapacak Ogrencilerin 6nceki bilgi ve deneyimlerinin ne oldugudur (NCTM, 2014). Sorularin igerigi
incelendiginde 6grencilerin verilen uzunluklari kullanarak basta ¢carpma olmak (izere tekrarli toplama,
bolme islemi yapmasi gerekmektedir. Matematik 6gretim programi incelendiginde ilk olarak ikinci sinifta
10’'a kadar olan sayilari 1, 2, 3, 4 ve 5 ile ¢carpma Uzerinde duruldugu gorilmustir. Sekil 6’da yer alan son
sorunun birden fazla ¢éziim yolu (carpma, tekrarli toplama gibi) bulunmaktadir. ikinci sinif dgrencileri
carpma islemini yeni 6grendikleri icin ¢6ziim yollari onlara acgik olmayabilir. Bu sebeple, bu soru bir
problem olarak kabul edilmistir. Ayni sorular dérdinci sinif 6grencilerine yoneltilmis olsaydi dérdinci
sinif kazanimlari géz 6niine alinarak bu sorular bir problem olarak kabul edilmeyecekti. Sonug olarak, bu
etkinlik bir problem ¢6zme durumu icermesine ragmen, 6grenciden matematiksel akil yiiritme yollarini
acitklamasi ve deliller ile desteklemesi istenmedigi icin etkinligin Gglncl dizeyde olduguna karar
verilmistir.
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2. Tablo: Urunler Igin Gereken Kumag Miktar

UOriin | Kumas Miktar | . . .

Elbise | 8m Buse, yaptigi recelin neden farkli oldugunu arastirmistir. Bunun
5;5:13 g - sonucunda tarifte kullandigi bardak ve kasigin arkadagininkinden
Yelek 4m farkli oldugunu anlamigtir.

Asagidaki sorulari yukarida verilen metne gore yanitlayiniz.
Bir fabrikada uretilen her triin icin gereken kumas miktarlan

yukarida verilmigtir. Asagidaki sorulari tabloya bakarak yanitlayi- . . . . o
niz. + Yukarida verilen tarifte herkesin ayni miktarda kullanacagi riin

hangisidir?
5 Adet elbise icin kag m kumug gerekmektedir?

1 adet sapka, 1 ader yelek igin toplam kag m kumas gerek- s e s
mektedir? » Urlinlerin miktarini ayni dlgme araci ile kullanmanin faydalari

3 adet elbise ve 4 adet mont igin toplam kag m kumag gerek-
mektedir?

Demet Hanim, madazasinda satmak icin 10 ader sapka, 8 » Tarifi herkesin ayni sonuca ulasmasi icin yazacak olursak, ne
adet mont siparis etmistir. Demet Hanim'in siparisleri icin toplam

kag m kumas gerekmektedir? yapmamiz gEI’EkIF?
4 adet mont igin gereken kumag miktari ile kag adet yelek
uretilebilir?

Sekil 7. ikinci Sinif Olgme Ogrenme Alanindaki

kil 6. ikinci Sinif Ol 04 Alandaki ..
Seki inci Sinif Olgme Ogrenme Alandaki Etkinlikten Bir Ornek (Diizey 4)

Etkinlikten Bir Ornek (Diizey 3)

“Kiitle 6lgme birimiyle ilgili problemleri ¢6zer.” kazanimina yonelik tasarlanan etkinlikte (s.71) ise farkli
baglamlar iceren bes problem yer almaktadir. Bu sorularin birinde (Sekil 7) Buse'nin tarife gore regel
yaptigl ancak recelin arkadasinin yaptigina benzemedigi seklinde bir problem durumu sunulmus ve bu
duruma dair gesitli sorular yoneltilmistir. Bu problem durumunda standart olmayan 6lgme araglarinin (su
bardagi, kasik) kullanilmasi yapilan tariflerin farkh tatlarda regeller Gretmesine neden olmustur. Etkinlikte
bu problem durumundan yola gikilarak standart 6lgme birimlerini kullanmanin neden énemli oldugu fikri
vurgulanmaktadir. Bu etkinligin yiiksek bilissel istem diizeyinde oldugu agiktir ¢linkii “matematik yapma”,
“algoritmik olmayan kompleks disiinmeyi kullanma”, “akil yliriitme ve anlamanin kanitlarini icerme” ve
“formul veya islemlerin neden ise yaradigini anlatmak igin aciklama yapma” durumlarini icermektedir.
Etkinlikteki problemin son sorusunda etkinlikte ele alinan matematiksel fikrin altinda yatan disiince
soruldugu icin etkinlik doérdiincii dizeyde kodlanmistir. Bu vurgu, islem yapmanin 6tesinde problem
¢6zme stirecindeki matematiksel fikre odaklanmasi sebebiyle oldukca 6nemlidir.

Etkinliklerde Ogrenme-Ogretme Siirecini Olumsuz Etkileyebilecek Olan Etmenler

Etkinliklerin bilissel istem dlzeyleri incelenmesinden sonra, matematik 6grenme-6gretme siirecini
olumsuz etkileyebilecek olan etmenler ele alinmistir. Bu etmenlerin belirlenen temalar altinda sinif
diizeylerine gore dagilimi Tablo 4’te yer almaktadir.

Tablo 4
Etkinliklerde Yer Alan O§renme-Ogretme Siirecini Olumsuz Etkileyebilecek Etmenlerin Dagilimi
Etmenler* 1. sinif 2. sinif 3. sinif 4. sinif Toplam
f f f f f
ifadelerin netligi 1 8 1 2 12
Kavramin sunulusu 3 6 3 3 15
Temsil bigimi 2 4 - 4 10
Matematik dili 1 5 3 1 10
Asiri genelleme/6zelleme 1 2 1 - 4

*Bir etkinlikte birden fazla etmen kodlanmis olabilir.

Tablo 4’te goruldugi tzere, etkinliklerin analizinde kavramin sunulus bigiminin hatali olmasi (f= 15) ve
ifadelerin net olmamasi (f= 12) iki 6nemli etken olarak bulunmustur. Etkinliklerde net olmayan
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matematiksel dilin kullanilmasi agiklamalarin, problemlerin veya sorularin anlasiimasinda zorluklara
neden olabilir. Ayrica, metnin farkli yorumlanmasina da sebep olabilir. Ornegin ikinci sinif 8lgme égrenme
alaninda paralarimiz konusundaki bir etkinlikte (s. 56) ifadelerin net olmamasina 6rnek bir durum yer
almaktadir (Sekil 8).

1. Asagidaki kumbaralardan, icinde 1 TL olanlar isaretleyelim.

C———
2 tane 2 tane
50 kr 25 kr

Sekil 8. ikinci Sinif Olgme Ogrenme Alani Etkinlik Ornegi

Sekil 8’de yer alan soruda 6grencilerden iginde 1% olan kumbaralari isaretlemesi istenmistir. Bu soruda
ogrenciler hicbir kumbarada 1#’lik bir madeni para olmadigini ya da birinci-ikinci kumbaranin icerisinde
toplam 1% tutarinda para oldugunu séyleyebilir. Boyle bir durum etkinligin uygulamasi esnasinda 6gretim
stirecini olumsuz yonde etkileyebilir.

Diger bir etmen ise kavramin sunulusunun hatali olmasidir. Bu etmen dérdiinci sinif diizeyinde dlgme
0grenme alanindaki bir etkinlik ile 6rneklendirilmistir. Etkinlikte artik yil kavramina deginilmis ve
hesaplama yontemi olarak “Subat ayinin 29 giin ¢ektidi yillara artik yil denir. Artik yil hesaplarken, yilin son
iki rakamina bakariz. Son iki rakam dért’e tam béliiniiyorsa artik yil degildir.” (s. 8) agiklamasina yer
verilmistir. Bu hesaplama yontemi matematiksel olarak yanlistir. Dogru agiklama, dérde kalansiz béliinen
yillar artik yil, kalanli béliinen yillar ise Subat ayinin 28 giin oldugu yillardir. igerikte artik yil hesaplama
yontemi ile ilgili aciklama duzeltilse bile, hesaplama yoéntemi 6grencilerin yontemin arkasindaki
matematiksel muhakemeyi kesfedebilecekleri sekilde sunulmamistir. Ayni konu hakkinda birinci ve ikinci
sinif diizeyinde zaman 6lgme ile ilgili ti¢ etkinlikte (birinci sinif s. 11 ve ikinci sinif s. 128-129) aylar 30 glin
olarak genellenmistir. Etkinlikte “28 giin olan subat ayi (sadece artik yillarda 29 giin) disinda tiim aylar 30
veya 31 glin cekmektedir.” bilgisine yer verilmemistir (Britannica, 2020; Oliver, 1998).

Bazl gorevlerin analizinde arastirmacilar, 6gretme-6grenme siirecini olumsuz etkileyebilecek birden
fazla etmen kodlamistir. Dordlnci sinifta “Situn grafigi olusturur.” ve “Elde ettigi veriyi sunmak amaciyla
farkh gosterimler kullanir.” kazanimlarina yonelik sunulan etkinlik (s. 12) bu duruma bir 6rnektir. Etkinlikte
6grencilerin farkh balik tirlerinin yizme hizlarini (km/saat) arastirmalari ve bunlari cetele ya da siklik
tablosu kullanarak gostermeleri gerekmektedir. Etkinlikte 6rnek olarak bir veri grubu tablo ve sutiin grafigi
ile gosterilmistir (Sekil 9 ve Sekil 10).

100
DENIZLERIN EN HIZLI BALIKLARI
Yelken Baligi 110 km 80
Cizgili Marlin 80 km
Vahu Baligi 78 km 80
Giiney mavi Yiizgegli Ton Baligi 76 km 0
Sar Yiizgecli Ton Baligi T4 km
20
m Yelken Balig Cizgili Marin Vahu Balig

G.Mavi Yizgecli m San Yizgecli ton

0

Sekil 9. Dérdiincii Sinif Veri isleme O§renme Sekil 10. Dérdiincii Sinif Veri isleme Ogrenme Alani
Alani Etkinlik Ornedi - Tablo gésterimi Etkinlik Ornedi - Grafik gésterimi
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Sekil 9'da sunulan tablo yanls bir sekilde frekans tablosu olarak adlandiriimistir (temsilin hatali
sunumu). Bunun yerine, bu tir temsiller, kesikli verileri temsil etmek igin kullaniimahdir. Ayrica stitun
baslklari tabloda verilmemis ve eksenler situn grafiginde (temsil turd) adlandiriimamistir. Bir diger
matematiksel hata ise hiz biriminin km/h yerine km olarak ifade edilmesidir.

85 etkinligin sekizinde matematiksel dil hatali kullanilmistir. Ornegin ikinci sinif geometri 6grenme
alaninda yer alan bir etkinlikte 6grencilerden resimdeki yer alan bazi uzunluklari 6lgmeleri gerekmektedir.
Ogrencilerden “sandalyenin oturulacak yerinin uzunlugu” (s. 86) dlcmeleri istenmistir. Bu ifade ile oturma
yerlerinin kenar uzunluklar kastedilmeye caligildigindan, matematiksel dilin yanhs kullanimi olarak
kodlanmigstir.

Son olarak bazi etkinlikler kavam yanilgisi olusturma potansiyeli tasiyan asir genelleme/6zelleme
durumlari icermektedir. Buna 6lgme 6grenme alaninda yer alan uzunluk 6lgme konusundan bir 6rnek
verilmistir. Uzunluk 6lgme konusu ikinci, Gglincli ve dordiinca sinifta ele alinmaktadir. Etkinliklerde genel
olarak oOgrencilerden yaptiklari olciimleri milimetre, santimetre ve metre cinsinden ifade etmeleri
istenmektedir. Etkinliklerde ikinci ve Uglincl sinifta benzer bir yaklasim izlenirken dérdiinci sinifta farkh
bir yaklasim izlendigi dikkat cekmektedir. ikinci sinif etkinliginde (s. 81) koltuk, agag, kumas gibi varliklar
icin “metre ile dlgeriz”; bardak, bilgisayar, kalem gibi varliklar igin ise “santimetre ile 6lgeriz” seklinde
ifadelere yer verilmistir. Bu etkinlikte metre ve santimetrenin bir 6lgl birimi oldugu vurgulanmamistir.
Santimetre ve metre birbirinden ayri iki kavram olarak sunulmustur (s. 82). Bir agacin ya da kumasin
uzunlugu sadece metre cinsinden degil, santimetre cinsinden de ifade edilebilir. Dérdiincl sinifta ise
benzer hatalara daha az rastlandigi ve “Bir¢ok uzunlugu metre ve santimetreyle 6lceriz fakat daha kigtk
nesneler icin milimetre kullaninz.” (s. 24) seklinde ikinci ve Gglincli sinifa kiyasla daha uygun bir dil
kullanildigi gérilmektedir.

Sonug ve Tartisma

Calismada uzaktan egitim igin ilkokul diizeyinde kullanilmasi énerilen etkinliklerin niteligi basta biligsel
istem diizeyleri olmak tizere farkli agilardan incelenmistir. Calismanin sonucunda etkinliklerin bircogunun
disuk bilissel istem diizeyinde oldugu, bilissel istem diizeylerinin dengeli bir dagilim sergilemedigi,
etkinliklerin bazilarinin iceriginde matematiksel hatalar barindirdigi gértlmustir. Ek olarak, ¢alisma
sonuglari bu etkinliklerin potansiyelini ve 6grencilere anlamli ve zengin matematiksel 6grenme firsatlarini
ne Olclide saglayabilecegini ortaya koymustur.

Galismanin ilk temel sonucu, etkinliklerin gogunlukla diistk biligsel istem diizeyinde yer almasidir. Bu
sonug, ders kitaplarindaki etkinliklerin bilissel istem dizeyinin incelendigi ¢alismalar ile paralellik
sergilemektedir (Bayazit, 2013; Engin & Sezer, 2016; Regber & Sezer, 2018). Duslik diizeydeki etkinliklerin
ogrencilere siklikla sunulmasi 6grencileri matematiksel islem, kural ve formillerin hizli ve akici bir
uygulayicisi haline getirmektedir (Boston, 2012). Bu, ilkokul matematik 6gretim programinda vurgulanan
problem ¢ézme, akil yliritme, matematiksel diisinme gibi list diizey diisiinme becerilerinin kazandirilmasi
amaciyla da értiismemektedir (MEB, 2018). Ust diizey diisiinme becerilerinin gelismesi adina égrencilerin
yiiksek bilissel istem diizeyindeki etkinlikleri diizenli olarak tecriibe etmesi gerekmektedir (Boston, 2012,
Stein & Lane, 1996). Bu dizeyde etkinliklerle ugrasan 6grenciler matematigi bir anlam olusturma c¢abasi
olarak gérmeye baslamaktadir (Huinker & Bill, 2017). Yiiksek bilissel istem dizeyindeki etkinliklerin
6grencinin matematigi anlamasinda ve 6grenmesindeki 6nemin acgik olmasina ragmen, bu ¢alismada
incelenen etkinliklerden dordiincii diizeyde olanlarin sayisinin oldukga sinirli oldugu dikkat cekmektedir.
Buna ek olarak, arastirmacilar (Boston vd., 2019; Henningsen & Stein, 1997; Stein vd., 2000) etkinliklerin
bilissel istem diizeylerinin uygulama esnasinda tahmin edilen diizeyin altinda bir diizeyde uygulanma
egiliminde oldugunu ifade etmislerdir. Bu egilimin bir sonucu olarak, bu ¢alismada yiksek istem diizeyinde
kodlanan gorev sayisinin uygulamada azalmasi beklenmektedir. Bu durum sinif i¢i anlamli ve zengin bir
matematik 6grenimi firsatlarini kisitlayacaktir (NCTM, 2014).

Arastirma sonucunda bilissel istem duizeyi dislik olan etkinliklere daha ¢ok yer verilmesinin olasi
sebeplerinden biri ilkokul matematiginin kolay oldugunun dustinilmesidir (Lannin & Chval, 2013).
Ogrencilerinin ilkokul matematik konularini karmasik matematik konularina girmeden &grenebilecekleri
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dusiinilmus ve bu sebeple etkinlikler cogunlukla dustk bilissel istem dizeyinde tasarlanmis olabilir. Bu
distncenin aksine Huinker ve Bill (2017), okul 6ncesi de dahil olmak tizere tiim 6grencilerin matematiksel
akil yiritme ve problem ¢6zmeyi destekleyen yiksek biligsel istem dizeyindeki etkinlikler ile
ugrasabilecegini ifade etmistir. Ayrica ilkokul matematiginin Gst sinif matematigi ve ileri dlizey matematik
icin bir temel olusturdugu unutulmamalidir (Wu, 2009). Bu sebeple, ilkokul matematiginde yiksek bilissel
istem gerektiren etkinlikler ile kavramsal 6grenmenin gerceklestirilmesi gerekmektedir (Stein & Lane,
1996; Wilhelm, 2014). Bu kavramsal 6grenme ogrencilerin kavramlar ve islemler arasindaki iliskiyi
anlamasini ve bu 6grenmeyi transfer etmesini desteklemektedir (Hattie vd., 2016).

Calismanin bir diger dnemli sonucu ise incelenen etkinliklerde 6grenme-6gretme sirecini olumsuz
olarak etkileyebilecek etmenler ve matematiksel hata iceren bircok durumun yer almasidir. Benzer sekilde
Bozkurt da (2018) etkinliklerin uygulanabilirlik agisindan bazi sorunlari oldugunu, etkinliklerin
yonergelerinin yeterince acik olmadigini ve matematiksel hatalar icerdigini bulmustur. Bu tir etkinlikler
kavram yanilgilarina ve kavramin hatali olarak 6grenilmesi ile sonuglanabilir. Pandemi nedeniyle de
ogretmenlerin 6n hazirhk firsati bulamadan uzaktan egitime baslamalari, etkinliklerin niteliklerini
degerlendirmeleri icin gerekli olan siireyi kullanamamalarina yol agmistir. Ozellikle, 6grencilerle iletisim
kurmada yasanan c¢esitli zorluklarla (6rnegin senkronize derslere katilamama, sinif ici etkilesimin kisitli
olmasi) beraber matematiksel dogrulugu ve niteligi tam olarak degerlendirilememis etkinliklerin
ogretimde kullanilmasinin matematik 6gretiminde nitelik sorunlarina yol agabilecegi 6ngorilmektedir.

Etkinliklerin incelenmesi sirasinda ilging bir durum ortaya ¢ikmistir. incelenen etkinliklerin biri harig
digerlerinde bir 6gretim teknolojisine yer verilmemistir. Bir tek etkinlikte, 6grencilerden matematik
ogretimine 6zgl olmayan sekilde internette bir arastirma yapmalari istenmistir. Etkinlikler uzaktan
egitimde kullanilmak tizere 6nerildigi igin teknoloji ile desteklenerek uzaktan egitimin ihtiyaglarina cevap
vermesi beklenmektedir. Bu beklentinin aksine etkinliklerin tamamina yakininda bdéyle bir teknoloji
kullaniminin entegre edilmedigi ve Onerilmedigi gorulmistur. Etkinliklerde teknolojik araglarin
kullanilmamasi 6grencilere 6grenme firsatlari ve etkili bir matematik 6gretimi sunulmasini olumsuz
etkileyebilir (Kazak, 2020; NCTM, 2000). Cunkl arastirmalar, sanal manipilatif ve dinamik yazilim gibi
teknolojik aracglarin 6grencilerin matematigi kavramsal olarak anlamalarini destekledigini ve 6zellikle
ilkokul matematiginde, uzaktan ve yiz yiize 6gretimde giiclii bir matematik temeline katkida bulundugunu
gostermektedir (Cheung & Slavin, 2013; Reimer & Moyer, 2005; Rich, 2020; Wills, 2020). Bunun yani sira
ilkokul matematik 6gretim programinda 6grencilerin teknolojik ve dijital yetkinliklerinin gelistirilmesi
hedeflenmektedir (MEB, 2018). Ogretim programinin benimsedigi bu yaklasimin etkinliklere
yansitilamamasi, egitim o6gretim faaliyetlerinin uzun vadeli ¢iktilari agisindan olumsuz sonuglar
dogurabilecektir.

Uzaktan egitime hizl gegis, 6gretmenlerin bu duruma hizla uyum saglamasini gerektirmistir. Etkinlik
onerileri sunarak uzaktan matematik 6gretiminin desteklenmesi, 6gretmenlerin bu adapte olma siirecini
kolaylastirmasi bakimindan ¢ok 6nemlidir. Ancak, bu calismada ortaya cikarilan problemlerin ve
matematiksel hatalarin ele alinmasinin tim sorumlulugu sinif uygulamalarinda 6gretmenlere birakilmistir.
Etkinliklerin nasil kullanilacaginin karari sinif i¢i uygulamalarda 6gretmenlere ait oldugu icin bunlarin
giderilecegi varsayilabilir. Fakat ¢alismalar sinif 6gretmenlerinin farkli matematik kavramlarini anlamada
ve bunlari 6gretmede zorluk yasadigini ortaya koymustur (Hill, 2010; Ozmantar & Bingélbali, 2009; Toluk
Ugar, 2011; Yildizh & Sari, 2017). Sinif 6gretmenlerinin yasadiklari matematiksel zorluklar ve uzaktan
egitim slirecine adaptasyon sirecinin getirdigi zorluklar géz 6niine alindiginda, etkinlik uygulayicilarina
matematiksel hata icermeyen, yiliksek bilissel istem dlizeyinde uzaktan egitim ortaminin ihtiyaglarina
cevap verecek nitelikte etkinliklerin paylasilmasi gerekmektedir.

Calismanin sonuglarindan hareketle, etkinliklerin uzaktan egitime uyumlu olacak sekilde revize
edilmesi, etkinliklerin teknolojik araglarla kavramsal anlamay:i tesvik edecek sekilde zenginlestirilmesi ve
matematiksel hatalarin giderilmesi dnerilebilir. Ayrica, etkinligi hazirlayan uzmanlar, matematiksel olarak
hatasiz ve uzaktan egitime uygun oldugundan emin olmak igin etkinliklerin icerigini kontrol etmelidir. Bu
baglamda bu etkinlikleri kimin tasarlayip kontrol ettigi ve hangi kriterlere gore degerlendirdikleri
sorulmahdir. Ayrica etkinlikleri tasarlayan ve inceleyen bireylerin, yliksek bilissel istem dlizeyindeki
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etkinliklerin ne oldugu konusunda bilgi sahibi olmalari ve tasarim kararlarini buna goére vermeleri
gerekmektedir. Halihazirda yayinlanmis olan bu etkinliklerin yapilabilecek revizyonlarla mevcut istem
diizeyi arttirabilir. Ornegin; dérdiincii diizey, lglincii diizeyden farkh olarak égrencinin bir ¢dziim ya da
sonucun arkasinda yatan diisiinceyi mutlaka aciklanmasini gerektirmektedir (Munter, 2014). Uglincii
diizeyde yer alan bir etkinlik, 6grencilerin diisinmesi, muhakemesi, varsayimlari, genellemeleri ve
cikarimlari hakkinda agik¢a kanit istenerek dordiinct diizeye ¢ikarilabilir (Boston, 2012, 2017).

GCalismada etkinlikler MEB tarafindan onerildigi ve yayinlandigi haliyle incelenmistir. Bu etkinlikleri
yayinlandigi haliyle incelemek sunulan matematik 6gretimine dair bir fikir verse de etkinliklerin
uygulamasi surecini etkileyen bircok unsur bulunmaktadir. Calismalar 06gretmenlerin yiksek istem
dizeyindeki etkinlikleri sinif i¢i uygulamalarinda daha dusuk seviyede uygulamaya egilimli oldugunu
ortaya koymustur (Boston vd., 2019; Henningsen & Stein, 1997; Stein vd., 2000). Bunun yaninda etkili
ogretim becerilerine sahip olan 6gretmenlerin disiik seviyedeki bir etkinligi yliksek seviyeye cikarabilecegi
de ifade edilmistir (Smith & Stein, 1998; Stein & Smith, 1998). Gelecekte yapilacak arastirmalarda, uzaktan
egitim etkinliklerinin potansiyel bilissel istem diizeylerinin belirlenmesinin yaninda, sinif i¢i uygulama
gozlemlerinde bu duizeylerin nasil etkilendiginin arastirilmasi da uygulayicilar ve arastirmacilar igin faydali
olacaktir. Ayrica bilissel istem dizeyi yiliksek etkinliklerin uygulanmasi 06gretmenler igin kolay
olmadigindan, bu vyeterliklerinin gelistiriimesi igin 6gretmenler profesyonel 6grenme firsatlari ile
desteklenmelidir (Tekkumru-Kisa vd., 2020). NCTM (2014) 6gretmenlerin kullanacag etkinliklerin bilissel
istem dizeyini belirleyecek ve (st diizeydeki etkinlikleri segebilecek yetkinlikte olmalari gerektigini ifade
etmektedir. Bu calismada bilissel istem dizeylerinin ve diizeyler arasindaki farkliliklarin ayrintilarinin
actklanmasi ve etkinliklerden somut érnekler verilmesi onlarin mesleki gelisimlerini destekleyebilir.

Yazar Katki Orani
Yazarlar, calismaya esit oranda katki sunmuglardir.
Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim kurallara
uyulmus ve yonergenin ikinci bélimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
hicbiri gerceklestirilmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.
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Introduction

There are rapid changes, all over the world, in the mathematical thinking and problem-solving skills
needed outside school. Educational leaders emphasize that students' ability to cope with complex systems
such as interpretation, identification, explanation, structuring, and prediction for success beyond school
should be developed (English, 2008; Gainsburg, 2006). Accordingly, applications for finding mathematical
solutions to real-world problems are increasing. Identifying and understanding the differences between
school mathematics and work-life is very important in terms of giving a new perspective on problem-
solving (English & Sriraman, 2010). Just only engaging traditional problems in school mathematics,
students have been so distanced from thinking that their only goal has been to reach the final result by
performing operations with the numbers given in the problem and hence they do not even try to think
about the realistic aspects of the solution (Buhrman, 2017). In most word problems, reality and reasoning
skills are neglected, and only achieving the result is aimed. However, rather than focusing on the result, it
is necessary to focus on the process and the mathematical relationships in the real world during this
process (Bonotto, 2007). Only in this way can a more appropriate perspective on real life be captured in
mathematics education.

Mathematical modeling is defined by mathematics educators as mathematizing real-life problems and
solving them (Blum & Niss, 1991; Lesh & Zawojwevski, 2007). Problem-solving is among the basic skills of
mathematics education and it is an important element of the curriculum and thus textbooks and
classroom practices (National Council of Teachers of Mathematics [NCTM], 2000; Ministry of National
Education, 2018). Problem-solving skill is not only finding solutions to mathematical problems; at the
same time, it requires adapting to the surrounding environment by overcoming the problems
encountered in real life (Senemoglu, 2005). Mathematical modeling, which means that real-life problems
are mathematized and solved, is defined as a new way of problem solving by mathematics educators
(Blum & Niss, 1991; Lesh & Zawojwevski, 2007). Because of Mathematical Modeling Problems (MMP) are
based on assumptions and interpretation, and that enable different solutions to be produced, are
important tools that will contribute to the development of 21st-century skills (Galbraith, 2018) such as
critical thinking, problem-solving, communication, collaboration and self-management (National
Research Council, 2012) mathematical modeling contributes to the development of critical, reflective,
analytical, creative, and metacognitive thinking skills that are difficult or sometimes impossible to acquire
traditional problems. It provides students with the opportunity to understand the real-world using
mathematics as well as learn school mathematics. Thus, students are motivated by seeing the
functionality of mathematics while developing solutions to real-world problems and can develop a
positive attitude towards mathematics (Blum & Borromeo Ferri, 2009). Besides, MMPs allow teachers to
reveal their students' mathematical thinking and understand them in many ways. Firstly, teachers can
follow what students think during the model preparation process. They can understand what they think
by encouraging students to explain their ideas, as well as encouraging students to self-assess and be
creative by questioning what they do and why. Secondly, if they request a solution report from the
students, they gain the opportunity to analyze these written documents. Thirdly, the students are asked
to present their solutions and their peers are allowed to ask questions to the students who present their
solutions. Thus, both the students who ask questions and the students who make presentations express
themselves, allowing teachers to find out what the students think (Chamberlin & Moon, 2005).

Although teacher competencies such as content knowledge, pedagogical knowledge, and pedagogical
content knowledge are discussed in detail in many fields, research in teacher competencies in
mathematical modeling is limited (e.g. Borromeo Ferri, 2018; Sahin, 2019; Zbiek, 2016). For this reason,
there is a need for programs that will develop teachers' mathematical modeling knowledge and studies
that can guide them. The questions of how to effectively integrate mathematical modeling into school
mathematics or how to deal with this issue in teacher education have not yet been given a clear answer.
The most important reason for this is that standard criteria regarding the competencies that teachers
must possess for effective modeling teaching have not been determined (Borromeo Ferri, 2018).
Nevertheless, a small number of studies have been conducted on how teachers can bring mathematical
modeling into the classroom and the necessary competencies for it (e.g. Borromeo Ferri & Blum, 2009;
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Borromeo Ferri, 2014; Doerr & Lesh, 2011; Garfunkel & Montgomery, 2016). The effective
implementation of MMPs in the learning environment depends on the renewal of the curriculum within
this perspective, using the modeling problems/activities in the teaching tools (textbooks, online learning
platform), and most importantly, making sure that the teachers who are the practitioners of education
have the necessary knowledge and competence (Niss et al., 2007). If a teacher is expected to teach
mathematical modeling, s/he should have a deep and broad teaching knowledge (Ball et al., 2008) as well
as modeling experience (Niss et al., 2007). In the studies on teacher competencies in teaching
mathematical modeling (eg, Blum & Borromeo Ferri, 2009; Borromeo Ferri, 2018), the way to let
prospective teachers and in-service teachers acquire these competencies is to make sure they have
theoretical knowledge and can effectively use the skill of recognizing, solving and creating modeling
problems. Then, the course planning, implementation, and evaluation competencies must be ensured. In
this study, MMP designing process of mathematics teachers participating in a professional development
program that includes the aforementioned teacher competencies were emphasized. In the teaching of
mathematical modeling, which will be examined in detail in the next section, MMP designing component
of the task phase, which is one of the teacher competencies (Borromeo Ferri & Blum, 2009; Borromeo
Ferri, 2014), is the focus of this research. The main purpose of the study is to examine the MMP designing
processes of mathematics teachers. For this purpose, answers to the following questions were sought:

e Are the problems designed by teachers applicable for mathematical modeling problems?
e How did mathematics teachers reflect the mathematical modeling criteria to their problems?

e What are the opinions of mathematics teachers about designing a mathematical modeling
problem?

With the first research question, the problems prepared were examined in terms of mathematical
modeling criteria, whether there was a mathematical modeling problem with the second research
question, how the teachers understood the mathematical modeling criteria and how they reflected this
on their problems, and lastly, with the third research question, the general evaluations of the process,
such as the points that the teachers paid attention to in the problem preparation process and the
difficulties they experienced, were investigated.

Theoretical Framework

The common feature of the studies in which teachers' professional competencies in mathematical
modeling are discussed (e.g. Borromeo Ferri & Blum, 2009; Borromeo Ferri, 2014; Doerr & Lesh, 2011;
Garfunkel & Montgomery, 2016) is that teachers focus on the issues that they need to pay attention to
during classroom practice. However, how that they bring mathematical modeling into the classroom
effectively is closely related firstly to the modeling understanding they developed and then whether
teachers know the theoretical structure of mathematical modeling, recognize the modeling problems and
develop such activities. Therefore, there are competencies that teachers need to be competent about
before and after the implementation as well as during the implementation phase. Borromeo Ferri and
Blum (2009) discussed these competencies that teachers should have in teaching mathematical modeling
in four dimensions: 1) Theoretical dimension, 2) Task dimension, 3) Instruction dimension and 4)
Diagnostic dimension. The competencies that teachers should have consist of different components.
According to Borromeo Ferri (2018), the first competence that teachers should have theoretical
knowledge about the purpose of mathematical modeling, modeling perspectives, modeling cycles, and
types of modeling tasks. The purpose of the task dimension, which is the second competence, is to solve
mathematical modeling problems and to determine the criteria of modeling task. In this dimension, the
answer to the question "What are the criteria that a good mathematical modeling task should have?" is
sought. Teachers need to be able to solve mathematical modeling tasks in accordance with the modeling
process and be able to identify the features that distinguish these problems from traditional problems
and design mathematical modeling tasks. Borromeo Ferri and Blum (2009) defined the ability to
distinguish mathematical modeling problems from traditional problems in the form of cognitive analysis
of activities. Teachers are expected to have this competence to evaluate a problem they encounter
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according to the mathematical modeling criteria and to design mathematical modeling tasks in
accordance with these criteria. The properties defined for mathematical modeling can also be evaluated
as criteria for distinguishing mathematical modeling problems from traditional problems. However, only
having one or more of these features is not enough for a problem to be considered as mathematical
modeling. For example, not every complex and thought-provoking problem that involves real-life
situations or requires many mathematical operations to achieve results can be described as mathematical
modeling.

Another component of having task competence is to be able to design mathematical modeling
problems. Borromeo Ferri (2018) stated that this process is a long and difficult one. On the other hand,
designing a task is an important practice in making sense of mathematical modeling. Although teachers
have sufficient knowledge about mathematical modeling theoretically and can distinguish mathematical
modeling problems from traditional problems, they need to use these competencies effectively while
designing tasks. Preparing mathematical modeling tasks also offers teachers the opportunity to see their
competencies. Although problem designing also contributes to individual learning, it is possible to
experience some difficulties during this process (Ellerton, 2015). For this reason, when teachers are
designing MMPs, what kind of process they have gone through, what they consider, what difficulties they
have, and investigating the causes of these difficulties will provide information about the quality of
classroom practices as well as teachers' mathematical modeling knowledge.

In this study, teachers’ design processes of MMPs were investigated within the scope of task
dimension components of Borromeo Ferri (2018), which is one of the competencies that teachers should
have in teaching mathematical modeling. Teachers designing MMPs in the full knowledge of the
distinctive features of MMPs (cognitive analysis) and offering at least one solution meet all components
of the activity competence. Considering all these, while examining process of designing MMPs, the criteria
that teachers consider while designing problems, the difficulties they faced during the process, and the
suitability of the problems for mathematical modeling were discussed.

Method
Research Design

This study is a multi-case study examining the skills of mathematics teachers about designing MMPs
(Yin, 2003). Each teacher represents a case since the processes of teachers designing MMPs are examined
simultaneously.

Participants

This study was carried out with six mathematics teachers (two females; four males) who had at least
five years of professional experience and had no previous training in mathematical modeling. Criterion
sampling, one of the purposive sampling methods, was used to determine the participants in the study.
The criteria for determining the participants of this study were determined by the researchers and the
first criterion is the professional experience period. Professional experience is important for teachers to
have problem preparation and application competencies. For this reason, it is preferred that teachers
have at least 5 years of professional experience. The second criterion is that teachers (at undergraduate
or graduate level) have not received mathematical modeling training. Although it is not thought that the
teachers' prior knowledge about mathematical modeling will affect the study negatively, it was thought
that the fact that they had not encountered mathematical modeling before would provide an opportunity
to examine the problem preparation process transparently from the first step. The third criterion is that
teachers work in different schools. Since mathematical modeling problems involve real-life situations, it
is predicted that teachers' working in different social environments will diversify their problem
preparation processes, thus providing data diversity. All participants names used in this study are
pseudonymes.
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Data Collection and Implementation Process
The implementation and data collection process of the research, which is a part of this study, lasted 9
weeks. Data were collected through individual interviews, video recordings of training meetings, problem

set evaluation form and problems prepared by teachers. The implementation process of the research,
including the data collection process, is summarized in Table 1.

Table 1.
Implementation Process of the Research

Implementation time Implementation /

No . Content
(avg) Topic name
1 Individual interviews First interviews Teachers' goals and methods of associating
) (45 minutes) real life with mathematics
Individual interviews Teachers’ views on problem designing and
2. . Second interviews their ability to distinguish a MMP they
(60 minutes) .
encountered from traditional problems
Theoretical Mathematical modeling, modeling
3 4 hours dimension of perspectives, modeling process, modeling
) (1 session) mathematical skills, the role of modeling in mathematics
modeling education
. . Mathematical modeling as a new problem-
Cognitive analysis of . .
4 hours . solving approach, properties of MMPs,
4, . mathematical . .
(1 session) modelin features that distinguish mathematical
& modeling from traditional word problems
5 Written homework Problem set Cognitive analysis of modeling problems
) (1 week) evaluation form
. The role of the teacher in teaching
Preparation and . . o
4 hours . mathematical modeling, principles of
6. . practice methods of . . .
(1 session) MMPs problem design and issues to be considered
during the implementation phase
7 Written homework Preparing MMPs Teachers to prepare one MMP |nd|V|d'uaIIy
(2 weeks) and prepare at least one sample solution
- . . . Interviews with teachers about the
Individual interviews Evaluation of
8. . problems they prepared and the problem
(45 minutes) prepared problems L
designing process
9 8 hours Discussion of the Teachers to present the problems and
’ (2 sessions) problems sample solutions they prepared
10 Written homework Finalizing the Finalizing problems by considering class
" (1 week) problems discussions and suggestions

In this study, data belonging to seventh and eighth implementations in Table 1 are taken into
consideration. In other words, the data about the problems designed by the teachers, and the interviews
about the problems were examined. Teachers were asked to prepare the problems individually. At the
end of the given time, individual interviews were made with the teachers, and they were able to evaluate
the problems they prepared and their experiences in the problem preparation process within the
framework of mathematical modeling criteria. Some of the sample questions in the interview form are
“What are the differences between preparing a mathematical modeling problem and preparing other
problems? What properties do you think are indispensable for a problem to be a mathematical modeling
problem? What did you pay attention to while preparing the problem? At which stage did you find it most
difficult? Why? What features of mathematical modeling do you think your problem has? If you want to
make changes to the problem, how would you like to make changes? Why?" is in the form.
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Data Analysis

All audio and visual data of the application have been converted into written documents. First of all,
two of the written records of each interview were randomly selected and the precoding of the transcript
was done independently by the researchers. The purpose of these pre-codings is to determine the codes
that will reveal the characteristics of the teachers that distinguish mathematical modeling from traditional
problems and their thoughts about the problem preparation process. With the coding scheme created as
a result of pre-coding, the main coding stage was started by taking into account the features of
mathematical modeling problems in the literature. Each written record was coded independently by two
researchers, and then the codes were compared. The parts that could not be agreed were discussed by
all researchers and coded in line with the common decision. After the coding scheme was finalized, the
researchers continued with the binary coding and sought the opinion of the third researcher at the point
where they could not agree.

The prepared problems were analyzed according to the codes determined by the researchers in line
with the characteristics of mathematical modeling problems in the literature (Maal}, 2007; Borromeo
Ferri, 2018; Galbraith, 2007; Doerr & Lesh, 2011; Dogan, 2020). These codes can be listed as reality, clarity,
being complex/thoughtful, and modeling (Table 2). In analyzing the problems according to the determined
criteria, the researchers made individual analyzes and the analyzes were evaluated comparatively on the
basis of each criterion. The validity and reliability of the data analyzes was ensured in this way.

Table 2.
Criteria for Mathematical Modeling Problems
Criteria for
Modeling Explanation The guiding questions for the criteria
Problems
. * Does the problem involve a real world
Problem includes a real world . . P
. . situation?
. situation and the problem . L
Reality . . . . ¢ Does the problem situation include
situation overlaps with the reality . . .
e information and explanation that may be
of the individual . S
meaningful to the individual?
Problem is based on assumptions . . .
- . p ¢ |s the problem suitable for interpretation and
and predictions (interpretation) .
Openness assumption?

and open to different and original

. e Are there different solutions to the problem?
solutions

* Does the individual feel the need to use
mathematical ways to solve the problem?

¢ Does the problem cause a feeling of complexity
or helplessness for the individual?

Having implicit mathematics in the
Complexity problem and the individual's desire
or need to solve the problem

Model Solving the problem according to ¢ Can the problem be solved by mathematizating
Eliciting mathematical modeling process the real world situation?

All audio recording of the implementation converted into written documents. Firstly, two of the
transcripts were randomly selected and the transcript was pre-coded independently by the researchers.
The purpose of these precoding is to determine the codes that will reveal the difficulties teachers
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encounter while preparing mathematical modeling problems and their opinions about the problem
designing process. Each transcript was independently coded by two researchers and then the codes were
compared with each other. The sections that could not be reconciled were discussed by all researchers
and coded in line with the agreed decision. After the coding scheme was finalized, the researchers
continued binary coding and consulted the opinion of a third researcher whenever they could not agree.

Teachers’” comments/reflections on designing mathematical modeling problem are analyzed with
content analysis method and after initial coding the final coding scheme is shown in Table 3. The table
shows each code with explanation of the code and comment/reflection sample for the codes.

Table 3.
Teachers’ Comments/Reflections on Designing Mathematical Modeling Problem

Codes Explanation Quotation

“Traditional problems are much easier. We can
prepare it very quickly in a shorter time but for the
modeling problem, | have thought for over a week
and have barely been able to uncover it. So, the
processes are very different from each other.
Mathematical modeling problems require a much
longer time.” (Merig)

Designing a
mathematical modeling
problem requires a
long time

Time-consuming

“It should be such a real-life situation that there
should not be a single correct result. Problems that
have only one correct result always remain in the
applying stage (on Bloom Taxonomy). When you
follow the methodology, you get a certain single
result. It is necessary to support the child's ability to
comment. ”(Seyhan)

The necessity of
Openness assumptions and
imperative interpretations to

reveal different models

“There are certain learning outcomes that are taken
into account when preparing traditional problems.
There are also outcomes that do not need to be
closely intertwined with daily life. For example, area
calculation... The calculation of the area of a
quadrilateral does not have to be based on a problem
in daily life, but in mathematical modeling, it should
be.”(Firat)

The necessity for the
Real-life imperative  problem to include a
real-life situation

“I could not determine what to ask in the problem.
Yes, there are a lot of problems we face in daily life,

Identifying a Mathematical solution . e .
. .y & I . but what am | going to ask? It was difficult to find a
situation that can availability of a real-life . . . .
.. problem situation that would yield mathematically
be mathematizing problem

different results, as we always focused on one result.
| changed my problem a lot. " (Ayla)

Findings

Research findings are discussed under two headings. In the first part, the designed tasks were
examined according to the modeling criteria. In the second part, the findings of teachers' experiences
regarding MMP designing processes were discussed.

Evaluation of Problems Designed by Teachers According to Modeling Criteria

When the problems prepared by the teachers were examined, it was determined that three of these
were MMPs and three of these were not MMPs. As a result of individual interviews and discussions in
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teacher meetings, two of the problems were updated and rearranged in accordance with mathematical
modeling. The evaluation results of the problems are presented in Table 4.

Table 4.
Evaluation of Problems According to Modeling Criteria

Mathematical modeling criteria
Problem and Designer

Teacher
Reality Openness Complexity Model Eliciting

Wedding Hall (Aras) Yes No Partially No
Radar Problem (Ayla) No No No No

*
Garden House Problem Ves Ves Ves Ves
(Firat)
Car Problem* (Merig) Yes Yes Yes Yes
Electricity Tariff* (Seyhan) Yes Yes Yes Yes
Energy Production from

Y N N N

Waste (Zuihre) es ° ° °
Apricot Gift Package* (Ayla**) Yes Yes Yes Yes
Solid Waste Disposal Facility Ves Ves Ves Ves

(Ziihre**)
*Mathematical modelling problem; **Second version of the problems

When the first versions of the problems seen in Table 4 are analyzed, Aras, Ayla, and Zihre's problems
were not counted as mathematical modeling; but Firat, Meri¢ and Seyhan’s problems were considered as
to be suitable for mathematical modeling. The radar problem designed by Ayla did not fulfil any feature
of mathematical modeling; Zihre's, Energy Production from Waste, is suitable only for real-life; Aras's
problem, Wedding Hall, seems to be partially thought-provoking, although it is suitable for real life.

As a result of evaluations (researcher and expert opinions, individual interviews, and workshop
meetings) teachers were asked to revise the problems. It was asked to strengthen the Garden House, Car,
and Electricity Tariff problems, which were MMPs, by making them more understandable with a few
minor corrections. For Wedding Hall, Radar, and Energy Production from Waste, which were not MMPs,
the teachers were asked to renew or change their problems considering the criticisms made. Thereupon,
Ayla designed a new problem called the Apricot Gift Package. Ziihre renewed the problem of Energy
Production from Waste and changed the name of the problem to the Solid Waste Disposal Facility.

Energy Production from Waste
Our society is increasingly producing garbage, which presents great difficulties in clearing up. In the
process following the accumulation of garbage, methane gas is formed due to decay. Adiyaman
Municipality wants to establish a Solid Waste (garbage) operation facility to both find a solution to
the garbage problem and generate electricity from this gas. It was determined that an average of
350 tons of garbage was generated in one day in Adiyaman. The garbage is estimated to contain
between 40% and 60% organic waste (perishable). 25% of organic waste turns into water. On
average, 56% of the remaining organic waste emits methane gas. From one ton of methane gas,
between 2 kW and 3 kW per hour of electricity is produced. How much electricity can be produced
in a day?
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In the problem, Adiyaman Municipality aims to both eliminate the garbage problem of the city and
use methane gas in electricity production by establishing a solid waste operation facility. The person who
will solve the problem needs to calculate the daily electricity amount that can be produced from the waste
of the city, which has an average daily garbage amount of 350 tons, taking into account the percentages
given in the text.

The problem was designed in accordance with the real-life situation where realistic numerical data are
included. However, it provides only this of the mathematical modeling criteria and is a word problem with
traditional qualities including real-life situations. As can be observed, all the necessary information for the
solution is given in the problem. Therefore, it is a problem that does not allow to provide assumptions
and the creation of different models. While working on a solution, different alternatives can be
mentioned: 1) Using the lower and upper limits of the numerical data ranges, the minimum and maximum
values can also be found as ranges. 2) The amount of organic waste can be calculated at a fixed rate such
that 40% - 60% of the amount of garbage. When calculating the amount of electricity produced in one
hour, it is similarly possible to operate with a fixed value between 2 and 3. The problem has a specific and
linear processing procedure. The person solving the problem is only free to determine numerical values.
The fact that its algorithm is certain does not allow it to be solved in accordance with the modeling process
steps. Zihre was convinced that this problem was not a MMP by taking into account the experience
gained from the meetings where the problems were evaluated and the discussions on her problem. When
the teacher was asked to update her problem, she prepared the Solid Waste Disposal Facility problem
with the same content.

Solid Waste Disposal Facility

Adiyaman Municipality wants to establish a power plant to find a solution to the city's garbage
problem and to use methane gas that is released from the garbage in electricity generation.
Considering that an average of 350 tons of garbage is collected per day, prepare a report about
whether it is necessary to establish such a facility, and include the reasons behind it.

By removing the numerical values and guiding information that prevented the first problem that Zihre
prepared from openness and prevented the assumptions, the problem was turned into a MMP. As it is
seen, in this problem, the student is asked to find a solution to whether a power plant can be established
by taking into account the average amount of 350 tons of garbage per day. The necessity of such a power
plant and what its advantages will be if it is installed requires various assumptions, interpretation, and
calculation. This means that students can mathematize the real-life situation.

Reality

In the individual interviews about problem designing processes, it is seen that the first criterion that
teachers considered when designing a MMP was the real-life situation. Two elements come to the fore in
the mathematization of real-life situations: 1. Teacher experiences, 2. The reality of numerical data. The
teachers took into account their own experiences, interests, daily lives while trying to create problems
inspired by real-life situations. For example, when Seyhan was designing the problem, he was inspired by
an incident that happened to him and turned that problem into a mathematical problem. “This was a very
random thing. This was a problem that we encountered at home in the days before the designing our
MMP. ” he said; when asked for Ayla's problem's starting point, she said: “It was an event that happened

to me... (...) | thought, and then | said, ‘Oh yeah, I've gone through that. | should write about jt’." As it can
be seen from these two instances, the teachers prefer to use their experiences while designing problems.

Besides, the results showed that it is an important factor for teachers to comply with the real values
of numerical data to avoid misleading the students. Ziihre’s getting help from an environmental engineer
for the Energy Production from the Waste problem, Ayla's investigation of the legal speed limit on the
highway in the Radar problem, and Merig's use of current car prices suggests that teachers feel obliged to
base their problems on numerical reality. When the problems and the opinions of the teachers were taken

41



Sahin, Giirbiiz & Dogan — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 33-70

into consideration, all problems where teachers consider the real-life criteria except one (Radar Problem)
were observed to have this feature.

Openness

One of the common criteria that the teachers considered when preparing problems was that the
problem is openness. The teachers considered openness as not only allowing different models to emerge
but also to achieve different results. Findings show that this feature (having alternative results) was
fulfilled by some teachers with the emergence of different and unique models in MMPs. From this point
of view, the teachers limited this feature to obtaining numerically different values in the solution. These
teachers interpreted the concept of "variable" in mathematical modeling and the emergence of original
models differently. They believed that the student could use the desired numerical values within a certain
range and that they use different variables, and that the solutions obtained have different numerical
values because teachers think they are different models. For example, obtaining different numerical
results within the percentage ratios given in Zihre's Energy Production from the Waste problem was
interpreted by the teacher as the emergence of different models.

Teachers who believed that the problem was openness, as taking into account different variables,
stated that they considered the emergence of original models while designing the problems. For example,
Seyhan explained that a natural result of mathematical modeling reflecting real life is the emergence of
original solutions with these words: "(...) This is the same in everyday life... You live according to your
choices. Your previous choice will affect the next one. As such, let's say | tried to do something for
everyone's own choices, not just one way (...) " On the other hand, Firat, who considered that the problem
should be open-ended, stated,

“In mathematical modeling, the data, | mean the data in the problem, | realized that it does not lead
you to a clear solution. This is the difference between our classic problems. | think this is one of the biggest
differences... Making a serious amount of interpretation is necessary. As subjective solutions come out in
this way. "

Although the teachers had some incorrect perceptions that the problem should be open-ended, it is
seen in the interviews that they try to design a problem that meets this criterion. However, although three
of the initial problems were open-ended, the other three did not have this feature.

Being complex or thought-provoking

Findings show that teacher did not consider thought-provoking as a clear criterion like suitability to
real life and openness while preparing problems. Aras emphasized in pre-interviews that one of the most
important features of a quality math problem was being thought-provoking and stated that this aspect of
mathematical modeling after the workshop and that this type of problem he was not aware of before
could be more effective than traditional problems because it was especially thought-provoking. However,
when the teacher's explanations about the problem being thought-provoking were examined, such
problems were problems that require attention and cannot be solved in one step. Therefore, according
to the teacher, the definition of being thought-provoking did not meet the thought-provoking feature of
MMPs.

Firat stated that the solution would be difficult in the problems that require too many variables to be
taken into consideration and uncertainty is felt intensely, and this may prevent the student from reaching
the solution by stating the following:

"When | saw the problems of my colleagues (other participant teachers), | thought they asked 'how we
could save the world' (...) You know, it's too open, in limbo, too much uncertainty, too many variables... In
this sense, how clear solutions can be made, actually it is difficult to do. (...) this is an approach that can
improve one's abilities by thinking about these problems."

Therefore, he believed that the problem should be considered as a feature that can be adjusted
according to the characteristics of the students to be thought-provoking. Considering all the problems and

42



Sahin, Giirbiiz & Dogan — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 33-70

opinions, it was determined that three of the first problems (Garden House, Car Problem, Electricity Tariff)
were thought-provoking, two of them (Energy Production from Waste, Radar Problem) did not bear this
feature, and one problem (Wedding Hall Problem) was partially thought-provoking. Besides, the last two
problems designed were in line with the thought-provoking criterion.

Model Eliciting

One of the necessary conditions for a problem to be mathematical modeling is to be able to be solved
in accordance with the modeling process. Seyhan was the only teacher who stated that he took into
account the ability to be solved according to the modeling process while designing the problem. Seyhan
stated that he considered about how the problem can be solved in accordance with the modeling process.
When he was asked if he had any difficulties designing the problem, he said:

"No. As my biggest fortune was this: | wrote the steps of modeling in my mind and wrote according to
that, how do | say it, | thought about the modeling steps while thinking or writing the question. | built an
outline for the problem, as | did things for mental modeling, model creation, or transformation before.
Subsequent issues did not take much time."

From this answer, it can be seen that when the teacher designed the problem by considering the
modeling process, this facilitates the problem writing process. There was no evidence that other teachers
directly considered modeling steps when preparing problems. However, teachers' organizing their sample
solutions in accordance with the modeling steps shows that Firat and Merig paid attention to this criterion.
Aras, on the other hand, explains his views on the solution of modeling problems by saying:

“If we say “every solution you offer is correct”, that student will try to find a solution without worrying
about it, but it should be consistent, logical, it should be related to the problem's situation. The result that
emerges should make you happy too. To eliminate an existing problem, what is your opinion and what will
your conclusion be in line with that view?”

According to Aras, each solution needs to be checked logically and its functionality in real life should
be verified. Otherwise, he was worried that the students will offer many solutions that they produce
without thinking too much. In the modeling process, the necessity of keeping the connection of the
problem situation with real-life while creating and solving the model corresponded to the step of
transformation and evaluation. In the interviews, all the problems that were MMPs could be solved in
accordance with the modeling process, even though none of the teachers except Seyhan stated directly
that they have considered this.

Teachers’ Problem Designing Processes

It was observed that the teachers used mathematical modeling concepts in different ways in individual
interviews where they explained the problem preparation processes and in group discussions during the
trainings (Table 5).

Table 5.
Teachers’ Criteria for Evaluating Problem
Modeling Criteria Alternative Expressions of Teachers
Reality Real life, daily life
Openness hypothetical, limited data, freedom of solution, different solutions
Complexity thought provoking, uncertainty, feeling helpless, difficult

When teachers' use of these concepts is evaluated, they sometimes express the same or similar thing;
it has been determined that they sometimes use these concepts in a different sense than they should be.
For example, everyday life is a concept they use to refer directly to real life. However, it has been observed
that some criteria do not reflect the characteristics of mathematical modeling. For example, although the
criteria such as being thought-provoking or complex, the uncertainty in the problem, and the difficulty of
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the problem seem to be the right features to evaluate theoretically, it has been determined that teachers
perceive these features differently, which causes them to make wrong assessments. An example of this
situation is that teacher Aras requires many actions to solve the Wedding Hall problem and that the
teacher associates it with being thought-provoking. It has been observed that such difficulties experienced
individually are eliminated by group discussions, and the concepts are used in accordance with
mathematical modelling.

The opinions of the teachers about the mathematical modeling problem preparation process are
summarized in Table 6.

Table 6.
Teachers’ Comments/Reflections on Designing Mathematical Modeling Problem

Codes Explanation Teacher

Designing a mathematical modeling

. . Ayla, Firat, Merig, Ziihre, Seyhan, Aras
problem requires a long time

Time-consuming

The necessity of assumptions and
interpretations to reveal different Ayla, Firat, Merig, Zihre, Seyhan
models

Openness
imperative

The necessity for the problem to

include a real-life situation Ayla, Firat, Merig, Ziihre, Seyhan, Aras

Real-life imperative

Identifying a
situation that can be
mathematizing

Mathematical solution availability of a

real-life problem Ayla, Firat, Merig, Seyhan

As seen in Table 6, all the teachers agreed that designing mathematical modeling problems is time-
consuming. For the teachers, the most challenging part of this process was to come up with a problem
situation. For example, Ayla said, “This took a lot more time and made me think much more deeply. In the
others (traditional problems), | did not have any problems because the numerical answer could be found
directly, but the process took quite a long time.” Similarly, Merig stated, “../ thought about the modeling
problem for more than a week and | could barely come up with jt.” As these two examples show, finding
a problem context was challenging for the teachers.

Since mathematical modeling problems are open to different interpretations and the solution steps
have a non-linear structure, the teachers encountered an unfamiliar experience in the problem design
process. Firat's comment below reflects the views of other participants.

“I realized that the data in mathematical modeling, that is, the data in the problem, does not lead you
to a clear solution. This is normal and it is the difference between our classical (traditional) problems. |
think it is one of the biggest differences... It is necessary to add a serious interpreation. This is how
subjective solutions emerge.”

The main feature of mathematical modeling problems, based on real-life situations, is the first
criterion that all teachers consider in the problem-designing process. Therefore, they emphasized that
this is both a necessity and a challenging criterion in the process. However, as stated in the following
statements by Firat, finding a real-life situation suitable for mathematization is a complex process:

“The first of my indispensable features was that there was a response in real life. The second was that
it could be translated into the mathematical language. (...) You know, | thought, | thought I'd translate an
event into a mathematical language. | could not do it. (...) Something else happened, | had designed
something before that. (...) Since | am teaching the 8th grade, the subjects | could use exponents and
square root numbers, so | wanted to design something realated to square root numbers. | even designed
it, and then | gave up on it too. That would ask them (students) to lay ready grass in a garden. | even
researched to see if different companies have different things. Because they all produce in the form of a
square, do they all produce in the form of a rectangle? Then | saw that different companies can produce

44



Sahin, Giirbiiz & Dogan — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 33-70

in different sizes. | designed a problem with it and then | gave up on it. In fact, if | could finish that problem,
it would have been a better problem.”

When the opinions of the teachers about the criteria and the difficulties they face while designing
MMP were examined, they generally evaluate this process by comparing it with their previous
experiences. Therefore, comparing MMP designing process with the traditional problem designing
process by taking into account the opinions of the teachers is given in Table 7.

Table 7.
Comparison of Teachers” MMP and Traditional Problem Designing Processes
MMP Designing Process Traditional Problem Designing Process
It is time-consuming Can be done in a short time
It has to be a real-life situation It doesn't have to be a real-life situation
Problem condition must be suitable for There is a transfer of the problem situation to
mathematization the language of mathematics
Should be openness Usually aims for a single solution
It is necessary to consider different variables It is enough to use only numerical variables

Many similar problems can be prepared

Requi hinki
equires thinking without thinking too much

Analysis, synthesis and evaluation steps are It is generally intended for the understanding
taken into consideration and implementation step

It was the common view of the all teachers that designing MMPs was a difficult process. The reasons
for the difficulty were presented in Table 7. First of all, designing a MMP is quite a long process for
teachers compared to traditional problem designing. Teachers had difficulty finding ideas first. For
example, Ziihre explained this situation by saying "/ couldn't determine the subject first. In other words, it
took two days to set it down on paper after determining. (...) it took a long time to find an idea.". After
finding the idea, it did not take much time to put it on paper. Aras said that “/t was not very difficult to
write. | just struggled a bit with determining the numbers while writing it down on paper, but it took time
to come up with more ideas. It took a lot of time, not just a little." His words show that he went through
a similar process. The reasons why teachers had difficulty in determining the problem status arise from
the fact that the problem must be from real life and it must be openness. It was not easy for teachers to
design a complex problem that would allow different variables to be considered together. For example,
Firat said,

"There are certain learning outcomes that are taken into account when preparing traditional problems.
There are also outcomes that do not need to be closely intertwined with daily life. For example, area
calculation... The calculation of the area of a quadrilateral does not have to be based on a problem in daily
life, but in mathematical modeling, it should be."

He stated that the necessity that the problem should reflect the real-life situation has challenged him.

One of the findings was that while designing the problems, the learning outcomes were not the
starting points but the real-life situations and even their own experiences. However, the situations that
were the subject of the problem did not emerge suddenly. Each teacher had experienced several
unsuccessful trials. For example, Meric¢ explained this process by saying,

"My first starting point was to translate an event into the language of mathematics. | failed to do that.
| started to write about health and sports problems first. | did some research on this. | also fictionalized the
problem a lot. Someone who wants to do sports and wants to lose weight spends this many calories with
that amount of walk... Then when | develop the problem a little, | gave up when | saw that it was very
similar to the diet problem we had solved before."
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One of the reasons for the difficulties experienced in the problem designing process was related to
the problem openness. Since traditional problems are usually single-solution problems with clear steps,
teachers are specialized in them because they often encounter such problems. Firat used the following
statements regarding the subject:

"I didn't know what to think about for days. Frankly, | could not identify a subject to work on. After a
couple of ideas came up, | couldn't figure out where to get with those ideas. There were times that | gave
up. While designing a normal problem, gains that do not have to be closely intertwined with daily life are
also being checked. Area calculation, for example... The calculation of the area of any rectangle does not
have to be based on a problem in daily life. It would be good, but it remains simpler. The questions | am
used to having always been classic question styles since our studentship."

As it can be understood from Firat’s statement, the fact that real life is not always an important factor
in traditional problems, however, the fact that mathematical modeling is based on real-life was one of the
factors that challenged teachers. However, writing a problem that is open to different variables, thought-
provoking, and therefore requires high-level thinking skills were considered by teachers as the features
that distinguish mathematical modeling from traditional problem designing. In addition, identifying a
situation that can be mathematizing challenged has also been a challenge for teachers.

The difficulties teachers experience while designing mathematical modeling problems and their
reasons are generally like these. However, the compelling of this process did not develop a negative
attitude towards mathematical modeling. It is reasonable that they have not had such problem writing
experience, or even have difficulties arising from the fact that they encountered mathematical modeling
problems for the first time through this project. The findings show that designing a problem is a critical
part of learning mathematical modeling for teachers.

Discussion

In this study, in which teachers' skills in designing MMPs were examined, the findings revealed that
teachers' understanding of mathematical modeling was improved, they could determine the
characteristics that such problems should bear and that they considered these features when designing
MMPs. In this section, it will be discussed how teachers reflect these features in their problems while
preparing mathematical modeling problems.

Mathematics and Real-Life Relationship

The fact that problems based on real-life mathematics lessons are an important feature emphasized
in many studies and curriculums (Bonotto, 2007; Buhrman, 2017, Ministry of National Education, 2018).
However, while associating the real world with mathematics, it should be focused on mathematical
relationships in the real-world (Ball et al., 2008; Bonotto, 2007). Considering the methods of associating
mathematics with real life, it can be said that teachers mostly ignore this situation and display a traditional
and limited attitude. The relevant literature revealed that some of the teachers who gave real-life
examples in their instructions see these examples as a tool that can be used to show mathematics in the
real-life and to increase the motivation of students to the lesson rather than to support learning
(Gainsburg, 2009). Although it is emphasized in the many countries’ curricula, it is also a known fact that
teachers do not allocate enough time to the contextual problems involving real-life situations in their
lessons (Reinke, 2019). It can be said that real-life examples used in this way do not have a decisive role
in solving problems or teaching subjects, and the learning is limited only to the world of mathematics.
However, the relationship between mathematics and the real-world in mathematical modeling is beyond
traditional understanding and both worlds are important for the solution (Bliss et al., 2016).

The fact that teachers emphasized real-life even before they had workshop and the most prominent
feature of modeling problems is that the problems start in the real world, made the teachers considered
this feature first during problem designing. This result is also in line with the works of Borromeo Ferri and
Lesh (2013) that a problem has a realistic content according to prospective teachers and teachers is one
of the features that it should have for mathematical modeling. In this context, it is sufficient for the reality
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that the student understands the current situation can imagine himself/herself inside that situation
(Reinke, 2019). Galbraith (2007) emphasizes the necessity of the real-life connection that should be
considered to be suitable to the life of students while designing MMP. In this study, the real-life
perceptions of teachers did not fully match this definition of reality. Especially when designing problems,
itis noteworthy that the problem situations were suitable for the teachers' own lives rather than students.
In her study, Deniz (2014) found that the most difficult situation for teachers when designing a
mathematical modeling activity is to establish a relationship between mathematics and real life. Also,
organizing the activities in accordance with the student level was another difficulty. One of the reasons
for these difficulties may be that teachers ignore students' reality or do not pay enough attention to it.
Similar results were obtained in this study and it was determined that teachers were inspired by the
events they experienced or witnessed while designing problems. However, it is also possible to come
across studies in which the characteristics of the target audience that will solve the problem are taken
into consideration and efforts are made to design problems that may interest them (e.g. Borromeo Ferri,
2018; Deniz, 2014; Tekin Dede & Bukova Gilizel, 2013). However, Sevinc and Lesh (2018) found that
through the MMPs, pre-service teachers were able to make correct comments about what would be
realistic for students and how realistic context could encourage students to think mathematically. Our
results showed that the teachers participating in this study also shared that notion.

Buhrman (2017) states that traditional problems keep students away from thinking, only to reach the
correct answer in terms of operation, students do not try to see the realistic aspects of the solution.
Considering the results of this study, the similiar situation was valid for teachers as well. During the
implementations using traditional problems, the fact that the problem did not take into account the real-
life connection causes teachers to have difficulty in establishing this relationship while designing MMP.

Openness

One of the most distinctive features that distinguish MMPs from other types of problems is that they
are based on assumptions and preferences (Borromeo Ferri, 2018; Galbraith, 2007). This feature of the
problem requires that the person solving the problem decide on the variables required for the solution,
so those unique solutions (models) are created. In this study, this feature can be considered as the
problem being open to interpretation. The findings obtained for the openness MMPs showed that Aras,
Ayla, and Zihre attributed a different meaning to this feature in the problem designing process. These
teachers think that the problem was open-ended, not because of obtaining different models, but different
results. For example, Ziihre, who designed the Energy Production from Waste Problem, claimed that the
problem was open to original solutions due to different results. Giving numerical values in a certain range
in problems (Being between 40% and 60% etc.) offers students the opportunity to use any value in this
range. The thing that is expected from students is to determine numbers within the given numerical range
and find different results with the same operational procedures. Therefore, there is only translation to
mathematical language for these problems and they are traditional problems. However, mathematization
in mathematical modeling has the meaning of organizing mathematics, not a translation to mathematics
(Jupri & Drijvers, 2016). This conclusion about the fact that teachers did not consider the feature of
openness with the mathematization dimension is one of the important results that distinguishes the
research from other studies on this area.

Being Thought-Provoking/Complex

Lester (1983) describes a mathematical problem as a task that a person wants or needs to find a
solution for and for which s/he does not have a readily accessible procedure that guarantees or
completely determines the solution. Therefore, math problems should be qualified to develop students'
ability to cope with real-life problems and complex systems beyond their school-life rather than solely
being problems of the world of mathematics that can be solved using specific strategies (English, 2008;
Gainsburg, 2006). The fact that a problem makes the students want to solve or feel the need is directly
related to whether the problem situation is complex or thought-provoking. Although this is a feature of
mathematical modeling, not every thought-provoking problem is a MMP. Considering the results of this
research, the teachers considered being thought-provoking in different ways: 1) Being mathematically
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difficult, 2) Different situations or variables should be considered at the same time for the solution (such
as logic problems). They thought that the problems requiring more effort to reach the result (ex. Energy
Production from Waste) were a difficult problem that was open to different solutions. The fact that
because logic problems require thinking, the teachers saw them as mathematical modeling during the
workshop supports these findings. However, there is no study related to this subject in the literature.

The findings of this study show that while designing a MMP, some teachers aim to make students think
by trying to make the problem difficult by increasing the number of mathematical operations or numerical
variables. Although the teachers considered their real-life situations, they disregarded the fact that in
mathematical modeling the relationship between the mathematical world and the real world should not
be broken, and that both worlds are important for a solution. The thought-provoking MMPs are related
to the relationship between the problem situation and the real world. Because society and the
environment are the basis of these problems, so these are complex, disorganized, and realistic problems
(Blum & Borromeo Ferri, 2009). The fact that mathematical modeling is problems that are expected to
clarify complex situations (Lesh & Zawojewski, 2007), creating a feeling of helplessness and insecurity in
the person who solves the problem (Kaiser et al., 2011), implicit involvement of mathematics, requiring
interpretation and generating ideas (Clement, Lochhead & Monk, 1981) complicates the modeling process
and even the implementation process (Clement et al., 1981). However, the research findings show that
teachers who interpreted this feature differently cannot get out of the world of mathematics and try to
complicate the problem mathematically. This result is in line with the literature (Sahin et al., 2017; Sahin
et al., 2018). In their study with prospective teachers, Sahin et al. (2017) found that the prospective
teachers considered traditional problems with multivariate and excessive numerical data as MMPs
because they require excessive thinking.

Mathematical Modeling Problem Designing Process

Problem designing is seen as an important skill that teachers should have (Hospesova & Ticha, 2015).
The results of this research showed that all the teachers participating in the study agree with this idea.
Despite this, the teachers could not take time to design problems because of the concern of
accommodating the high-stake exam system and curriculum; instead, they were found to benefit from
the available resources. However, teachers should not see problem designing as an activity created only
for students. Teachers can diagnose the deficiencies of the students and the difficulties they face by
designing problems suitable for the characteristics and needs of the students in the classroom (English,
1997) and designing a problem is a source of motivation for them too (Chapman, 2012; HoSpesova &
Ticha, 2015). As stated in this study, problem designing is also a learning activity and the teacher who
understands better performs more effective teaching (Chapman, 2012; HosSpesovd & Ticha, 2015).
According to the teachers participating in the research, the best way to understand a topic is to design a
problem about that topic. If a teacher can do this, s/he will both understand the subject better and have
an idea about how the students have learned as mentioned above. The research findings included that
making sample solutions to the problems they designed enables students to gain insight into where and
how they will experience difficulties. Therefore, making sample solutions is an important component of
problem designing for teachers. It can also be said that MMPs being open to many unique solutions make
it a necessity to make sample solutions for teachers. Exemplary solutions expand teachers' repertoire of
comments and enable them to be more successful in evaluating the students' solutions. Like in HoSpesova
& Ticha's (2015) study, it was found in this study that according to teachers, designing problems is an
important but difficult process, they can question their knowledge and that these problems are more
interesting and understandable for students. Specifically, in this study, it was very difficult for teachers to
design a type of problem that they have not encountered before, beyond traditional problems. In the
studies conducted in this field, it is seen that the participants experienced some difficulties in the process
of designing MMPs, as in this study (Borromeo Ferri, 2018; Deniz, 2014; Tekin Dede & Bukova Glizel,
2013).

In problem designing studies, it is generally revealed that teachers do this in a laboratory environment
at the request of the researchers (Crespo, 2003; Lavy & Shriki, 2007; Klinshtern et al., 2015). Therefore,
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although teachers participated in the study voluntarily, they designed problems in appropriate
environments created by the researchers based on their wishes. However, for teachers to gain this skill,
it should be made sure that the teachers first believe that this is a necessity for teaching mathematics
(Blum & Borromeo Ferri, 2009; HoSpesova & Ticha, 2015). Effective teaching of teachers in the
implementation of mathematical modeling is directly related to their ability to design such problems
(Borromeo Ferri, 2018; Blum & Borromeo Ferri, 2009; Kula Unver et al., 2018). Just as they need to be
convinced that this is a need to gain a habit of designing problems, teachers should believe that this is an
effective learning tool to apply MMPs in classrooms. In his study, Glg (2015) concluded that the
prospective teachers' beliefs that mathematical modeling is an effective teaching tool despite the
difficulties experienced in the learning process are effective in the development of modeling
competencies. Therefore, it should first be ensured that teachers and prospective teachers have
information about the role of mathematical modeling in mathematics education. For this, the general and
specific objectives of MMPs should be explained clearly. Within the scope of this study, it is thought that
teachers are provided with mathematical modeling education and they are asked to design problems as
part of the workshop and that they have an important effect on understanding the importance of
mathematical modeling in mathematics education and their general and specific goals. The results
obtained indicate that teachers' perspective towards modeling and teaching competencies are very
important factors in the successful transfer of mathematical modeling to the classroom, as emphasized in
the literature (Borromeo Ferri, 2018; Niss et al., 2007).

Conclusion & Suggestions

In this study, in which mathematics teachers' skills of designing MMPs were examined, some new
results were obtained alongside the results supporting the literature. The fact that problem designing is
part of learning in general and that this is a competence that the teacher should have is one of the results
that are in parallel with the studies in the literature. The fact that designing a MMP is a difficult process
and there are some difficulties, especially in understanding the mathematization of real-life situations and
reflecting it on their implementations, are among the common results encountered in such researches.
For this reason, it should be ensured that teachers have experience in modeling by themselves before
they can apply mathematical modeling in their classes.

One of the competencies that teachers should have in teaching mathematical modeling is the task
dimension, which can be seen as the stage where the theoretical dimension is turned into practice
(Borromeo Ferri, 2018). The theoretical knowledge that teachers acquire about mathematical modeling
effects to directly reflect the modeling perspectives they adapt and shape their practices. However, one
of the most effective methods to reveal teachers' understanding of mathematical modeling is to ask them
to design problems. The results of the research revealed that during the problem designing process, the
teachers realized some features that did not make sense to them in terms of theoretical meaning and
they tried to overcome these learning deficiencies during the problem designing process. Besides,
teachers stated that problem designing had a significant impact on their learning during mathematical
modeling workshop, and also their experience would give their teaching methods a new direction. Making
sample solutions while designing MMPs enabled students to be prepared for possible difficulties, to take
foresight about the measures to be taken to avoid these difficulties or how to intervene when
encountered. One of the most important features of MMPs is that it allows different models to emerge.
Because of this feature, it is a problem-solving approach that is not easy to apply in the classroom.
Therefore, it is a prerequisite for the effective implementation that teachers go to the classroom
prepared. It is thought that if the teacher produces exemplary solutions to the problems s/he has
prepared, this will expand his/her capacity to evaluate alternative solutions. The relationship between
teachers' ability to designing MMPs and their implementation competencies may be one of the research
topics that can be investigated in future studies.
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Tiirkge Siirimui

Giris
Dinyada, okul disinda ihtiyag duyulan matematiksel diislinme ve problem ¢6zme becerilerinde hizli
degisimler yasanmaktadir. Egitim liderleri, 6grencilerin okulun 6tesindeki basariya yonelik yorumlama,
tanimlama, agiklama, yapilandirma ve tahmin etme gibi karmasik sistemlerle basa ¢ikma yeteneklerinin
gelistiriimesi gerektigine vurgu yapmaktadir (Gainsburg, 2006; English, 2008). Buna bagli olarak gercek
diinya problemlerine matematiksel ¢6ziim bulma uygulamalari giderek artmaktadir. Matematik
egitimindeki bu yonelim o6nemli degisiklikleri de beraberinde getirmistir (Hamilton, 2007). Okul
matematigi ile calisma hayati arasindaki farkliliklari belirlemek ve anlamak problem ¢ézmeye yeni bir bakis
acisi kazandirmak agisindan oldukga 6nemlidir (English & Sriraman, 2010). Okul matematiginde kullanilan
geleneksel problemlerde o6grenciler disinmekten o kadar c¢ok uzaklastirilmislardir ki tek amaclari
problemde verilen sayilarla islemler yaparak nihai sonuca ulasmak haline gelmistir ve ¢6ziimin gercek
hayata iliskin yonleri hakkinda distinme c¢abasi gostermemektedirler (Bhurman, 2017). Cogu sozel
problemde gerceklik ve akil yiritme becerileri ihmal edilmekte ve yegane sonuca ulagsmak
hedeflenmektedir. Oysa sonuca degil sirece ve bu siiregte gercek diinyadaki matematiksel
iliskilendirmelere odaklanilmasi gerekmektedir (Bonotto, 2007). Ancak bu sekilde matematik egitiminde

gercek hayata daha uygun bir bakis acisi yakalanabilir.

Problem ¢6zme, matematik egitiminin temel becerileri arasinda yer alan, 6gretim programlarinin ve
dolayisiyla ders kitaplarinin ve sinif uygulamalarinin nemli bir 6gesidir (National Council of Teachers of
Mathematics [NCTM], 2000; Millt Egitim Bakanligi, 2018). Problem ¢6zme becerisi sadece matematiksel
problemlere ¢6ziim bulmayi degil; ayni zamanda gerc¢ek hayatta karsilasilan sorunlarin tstesinden gelerek
yasanilan gevreye uyum saglamayi gerektirir (Senemoglu, 2005: s.536). Gergek yasam problemlerinin
matematiksellestirilerek ¢6ziime ulastirilmasi anlami tasiyan matematiksel modelleme matematik
egitimcileri tarafindan yeni bir problem ¢6zme sekli olarak tanimlanmaktadir (Blum & Niss, 1991; Lesh &
Zawojwevski, 2007). Matematiksel modelleme problemlerinin varsayimlara, yoruma ve farkh olasi
¢ozlimlere dayali olmasi elestirel, yansitici, analitik, yaratici ve metabilissel dislinme gibi 21. Yuzyil
becerilerinin kazanilmasinda geleneksel problemlere kiyasla énemli bir katki saglamaktadir. Ogrencilerin
matematigi 6grenmelerinin yani sira gercek dinyayr matematik ile anlamlandirmalarina firsat sunar.
Boylelikle 6grenciler bir yandan gergek diinya problemlerine ¢dziim (retirken bir yandan matematigin
islevselligini gorerek motive olur ve matematige karsi olumlu tutum gelistirebilirler (Blum & Borrromeo
Ferri, 2009). Ayrica matematiksel modelleme problemleri 6gretmenlere 6grencilerinin matematiksel
diisinmeleri ortaya gikarmalarini ve onlari anlamalarina firsat sunar. Birincisi, 6gretmenler 6grencilerin
model olusturma siirecinde ne distindiklerini takip edebilirler. Modelleme siirecinde 6grencilere sorular
sorarak onlara metabilissel kogluk yapabilirler. Ogrencilere neyi neden vyaptiklarini sorgulatarak 6z
degerlendirme yapmalarini ve yaratici olmalarini sagladiklari kadar 6grencileri fikirlerini agiklamaya tesvik
ederek onlarin ne diisiindiiklerini de anlayabilirler. ikinci olarak dgrencilerden bir ¢6ziim raporu istedikleri
takdirde bu yazili dokiimanlari analiz etme firsati yakalarlar. Uglinciisii, 6grencilerden ¢dziimlerini
sunmalari istenerek akranlarinin sunum yapan 6grencilere soru sorma imkani saglanir. Boylece hem soru
soran 6grencilerin hem de sunum yapan 6grencilerin kendilerini ifade etmeleri 6gretmenlere 6grencilerin
distindiklerini arastirma olanagi verir (Chamberlin & Moon, 2005).

Egitim arastirmalarinda alan bilgisi, pedagojik bilgi ve pedagojik alan bilgisi gibi 6gretmen yeterlikleri
bircok alanda detayli olarak ele alinmasina ragmen, matematiksel modelleme alaninda 6gretmen
yeterliklerine iliskin bu tir arastirmalar oldukga sinirli sayidadir (6rn., Borromeo Ferri, 2018; Sahin, 2019;
Zbiek, 2016). Bu sebeple 6gretmenlerin matematiksel modelleme bilgilerini gelistirecek programlara,
onlara rehberlik edebilecek c¢alismalara ihtiyag duyulmaktadir. Matematiksel modellemenin okul
matematigine etkili bir sekilde nasil entegre edilecegi ya da 6gretmen egitiminde bu konunun nasil ele
alinacagi sorularina heniiz net bir cevap verilememistir. Bunun en 6nemli sebebi etkili modelleme 6gretimi
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icin 6gretmenlerin sahip olmalari gereken yeterliklere iliskin standart kriterlerin belirlenmemis olmasidir
(Borromeo Ferri, 2018). Buna ragmen az sayida da olsa 6gretmenlerin matematiksel modellemeyi sinifa
nasil tastyabilecekleri ve bunun igin gerekli yeterlikler Gizerine galismalar yapilmistir (6rn., Borromeo Ferri
& Blum, 2009; Borromeo Ferri, 2014; Doerr & Lesh, 2011; Garfunkel & Montgomery, 2016). Matematiksel
modellemenin 6grenme ortamina etkili bir sekilde tasinmasi ise 6gretim programlarinin bu ¢ercevede
yenilenmesine, ders araglarinda (ders kitaplari, c¢evrim i¢ci 0Ogrenme platformu) modelleme
problemlerine/etkinliklerine yer verilmesine ve en 6nemlisi egitimin uygulayicisi olan 6gretmenlerin
gerekli bilgi ve yeterlige sahip olmalarina baglidir (Niss et al., 2007). Eger bir 6gretmenden matematiksel
modellemeyi 6gretmesi bekleniyorsa onun derin ve genis bir 6gretme bilgisine sahip olmasi kadar (Ball et
al., 2008) modelleme deneyiminin olmasi da gerekmektedir (Niss et al.,, 2007). Matematiksel
modellemenin 6gretiminde 6gretmen yeterlikleri tizerine yapilan ¢alismalarda (6rn., Blum & Borromeo
Ferri, 2009; Borromeo Ferri, 2018; Zbiek, 2016) 6gretmen adaylari ve 6gretmenlere bu yeterlikleri
kazandirmanin yolunun teorik bilgiye sahip olma, modelleme problemlerini tanima, ¢6zme ve olusturma
becerisini etkili kullanmaktan gectigi vurgulanmaktadir. Daha sonra dersi planlama, uygulama ve
degerlendirme yeterlikleri gelmektedir. Bu ¢alismada da yukaridaki 6gretmen yeterliklerini iceren bir
mesleki gelisim programina katilan matematik 6gretmenlerinin matematiksel modelleme problemi
hazirlama becerileri Gizerinde durulmustur. Sonraki bélimde detayli olarak incelenecek olan matematiksel
modellemenin 6gretiminde 6gretmen yeterliklerinden (Borromeo Ferri & Blum, 2009; Borromeo Ferri,
2014) etkinlik boyutunun matematiksel modelleme problemi hazirlama bileseni arastirmanin odagini
olusturmaktadir. Calismanin temel amaci matematik 6gretmenlerinin matematiksel modelleme problemi
hazirlama becerilerini arastirmaktir. Bu amag dogrultusunda su sorulara cevap aranmistir:

e Ogretmenlerin hazirladiklari problemler matematiksel modellemeye uygun mudur?
e Ogretmenler matematiksel modelleme kriterlerini hazirladiklari problemlere nasil yansittilar?
e Ogretmenlerin matematiksel modelleme problemi hazirlama siirecine iliskin goriisleri nelerdir?

Arastirma sorularindan ilki ile hazirlanan problemlerin matematiksel modelleme dlgltleri agisindan
incelenerek matematiksel modelleme problemi olup olmadigi, ikinci arastirma sorusu ile 6gretmenlerin
matematiksel modelleme 6lgutlerini nasil anladiklari ve bunu problemlerine nasil yansittiklari, son olarak
liciincU arastirma sorusu ile 6gretmenlerin problem hazirlama sirecinde dikkat ettikleri hususlar,
yasadiklari zorluklar gibi surecin genel degerlendirmeleri arastiriimistir.

Kuramsal Cerceve

Matematiksel modelleme alaninda 6gretmenlerin mesleki yeterliklerinin ele alindigi calismalarin (6rn.,
Borromeo Ferri & Blum, 2009; Borromeo Ferri, 2014; Doerr & Lesh, 2011; Garfunkel & Montgomery, 2016)
ortak ozelligi, matematiksel modellemenin sinifta uygulanma asamasinda 6gretmenlerin dikkat etmeleri
gereken hususlara odaklanmalaridir. Ancak 6gretmenlerin matematiksel modellemeyi sinifa etkili bir
sekilde tasimalari benimsedikleri modelleme anlayisi basta olmak lzere matematiksel modellemenin
teorik yapisini bilmeleri, modelleme problemlerini taniyabilmeleri, bu tir etkinlikler gelistirmeleri ile
vakindan ilgilidir. Dolayisiyla 6gretmenlerin uygulama asamasi kadar bu asamaya ge¢meden Once ve
uygulamadan sonra da yetkin olmalari gereken yeterlikler vardir. Borromeo Ferri ve Blum (2009)
matematiksel modellemenin 6gretiminde O6gretmenlerin sahip olmalari gereken bu yeterlikleri doért
boyutta ele almistir: 1) Teorik boyut, 2) Etkinlik boyutu, 3) Ogretim boyutu ve 4) Tanilama/teshis boyutu.
Ogretmenlerin sahip olmalari gereken yeterliklerin farkli bilesenlerden olustugu gériilmektedir. Borromeo
Ferri'ye (2018) gore 6gretmenlerin sahip olmasi gereken ilk yeterlik matematiksel modellemenin amaci,
modelleme perspektifleri, modelleme dongiileri ve modelleme etkinliklerinin tirleri hakkinda teorik
bilgiyve sahip olmayi kapsamaktadir. ikinci yeterlik olan etkinlik boyutunun amaci ise matematiksel
modelleme etkinliklerini ¢cdzme ve modelleme etkinligi kriterlerini belirleyebilmedir. Bu boyutta esas
olarak “lyi bir matematiksel modelleme etkinliginin sahip olmasi gereken kriterler nelerdir?” sorusuna
cevap aranir. Ogretmenlerin matematiksel modelleme etkinliklerini modelleme siirecine uygun olarak
¢Ozebilmeleri ve bu etkinlikleri geleneksel problemlerden ayiran 6zellikleri belirleyebilmeleri ve
matematiksel modelleme etkinlikleri hazirlayabilmeleri gerekir. Borromeo Ferri ve Blum (2009)
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matematiksel modelleme etkinliklerini geleneksel problemlerden ayirt etme becerisini etkinliklerin biligsel
analizini yapabilme seklinde tanimlamislardir. Ogretmenlerin kargilastiklari bir problemi matematiksel
modelleme kriterlerine gore degerlendirebilmeleri ve bu kriterlere uygun matematiksel modelleme
etkinligi hazirlayabilmeleri icin bu yeterlige sahip olmalari beklenmektedir. Matematiksel modelleme igin
tanimlanan o6zellikler ayni zamanda matematiksel modelleme etkinliklerini geleneksel problemlerden ayirt
etmek icin birer kriter olarak da degerlendirilebilir. Ancak bu 6zelliklerin birini veya birkagini tasimasi bir
problemin matematiksel modelleme olmasi icin yeterli degildir. Ornegin, gercek yasam durumu igeren ya
da sonuca ulagsmak igin bircok matematiksel islem yapmayi gerektiren karmasik ve dusindurici her
problem matematiksel modelleme olarak nitelendirilemez.

Etkinlik yeterligine sahip olmanin diger bileseni matematiksel modelleme etkinligi hazirlayabilmektir.
Borromeo Ferri (2018) bu siirecin uzun ve zor bir siire¢ oldugunu belirtmistir. Ote yandan etkinlik
hazirlamak matematiksel modellemeyi anlamlandirmada &nemli bir uygulamadir. Ogretmenler her ne
kadar teorik olarak matematiksel modelleme hakkinda yeterli bilgi sahibi olsalar ve matematiksel
modelleme etkinliklerini geleneksel problemlerden ayirt edebilseler de bu yeterliklerini etkinlik
hazirlarken etkili bir sekilde kullanmalari gerekmektedir. Matematiksel modelleme etkinligi hazirlamak,
ayni zamanda Ogretmenlere kendi yeterliklerini gérebilme firsati sunar. Problem hazirlama bireysel
o6grenmelere de katki saglamakla birlikte bu siiregte birtakim zorluklar yasanmasi muhtemeldir (Ellerton,
2015). Bu nedenle 6gretmenlerin matematiksel modelleme problemleri hazirlarken nasil bir slirecten
gectikleri, neleri dikkate aldiklari, ne gibi zorluklar yasadiklari ve bu zorluklarin nedenlerinin arastiriimasi
o6gretmenlerin matematiksel modelleme bilgileri kadar sinif i¢i uygulamalarinin niteligi hakkinda da bilgi
verecektir. Literatirde problem hazirlarken yasanan zorluklar problemlerin ¢ok fazla ve mantikh
dustinmeyi gerektirmesi, zaman alici olmasi, 6grencilerin dlisinmelerini saglamayi gerektirmesi (karmasik
olmasi) seklinde siralanabilir (Ellerton, 2015).

Bu calismada 6gretmenlerin matematiksel modelleme problemi hazirlama becerileri Borromeo
Ferri'nin (2018) matematiksel modellemenin O6gretiminde 6gretmenlerin sahip olmalari gereken
yeterliklerden etkinlik boyutu bilesenleri kapsaminda incelenmistir. Ogretmenlerin matematiksel
modelleme problemlerinin ayirt edici o6zelliklerini bilerek (bilissel analiz) matematiksel modelleme
etkinlikleri hazirlamalari ve en az birer adet ¢6ziim 6nerisi sunmalari etkinlik yeterliginin tim bilesenlerini
karsilamaktadir. Tim bunlar géz 6niinde bulundurularak 6gretmenlerin matematiksel modelleme
problemi hazirlama becerileri incelenirken problem hazirlarken dikkate aldiklari kriterler, siireg iginde
yasadiklari zorluklar ve problemlerin matematiksel modellemeye uygunlugu tartisiimistir.

Yontem
Arastirma Deseni

Bu calisma, matematik 6gretmenlerinin matematiksel modelleme problemi hazirlama becerilerinin
incelendigi bir coklu durum calismasidir (Yin, 2003). Ogretmenlerin matematiksel modelleme problemi
hazirlama siregleri ayni anda incelendigi icin her 6gretmen bir durumu temsil etmektedir.

Katilimcilar

Bu ¢alisma en az 5 yillik mesleki deneyime sahip olan ve daha 6nce matematiksel modelleme hakkinda
herhangi bir egitim almamis olan alti matematik 6gretmeni (ikisi kadin; dordi erkek) ile ylrGtilmustar.
Arastirmada katilimcilarin  belirlenmesinde amagli 6rnekleme yodntemlerinden oOlglit 6rnekleme
kullanilmistir. Bu arastirmanin katilimcilarinin belirlenmesindeki olgltler arastirmacilar tarafindan
belirlenmistir ve ilk 6l¢it mesleki deneyim siiresidir. Mesleki tecriibe 6gretmenlerin problem hazirlama ve
uygulama yeterliklerine sahip olmalari agisindan dnemlidir. Bu nedenle 6gretmenlerin en az 5 yillik bir
mesleki deneyime sahip olmalari tercih edilmistir. ikinci 6lgiit 8gretmenlerin (lisans veya yiiksek lisans
diizeyinde) matematiksel modelleme egitimi almamis olmalaridir. Ogretmenlerin matematiksel
modelleme hakkinda 6nbilgi sahibi olmalarinin galismayi olumsuz yonde etkileyecegi disiiniilmese de
matematiksel modelleme ile daha dnce karsilasmamis olmalarinin ilk adimdan itibaren problem hazirlama
siirecinin seffaf bir sekilde incelenmesi firsati sunacagi distiniilmistiir. Uclincii 6lgiit 6gretmenlerin farkli
okullarda goérev yapmalaridir. Matematiksel modelleme problemleri gercek hayat durumlarini

53



Sahin, Giirbiiz & Dogan — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 33-70

barindirdigindan 6gretmenlerin farkl sosyal cevrelerde gérev yapmalarinin problem hazirlama sireglerini
cesitlendirecegi, dolayisiyla veri zenginligi saglanacagl oOngorulmustir. Calismada gegen isimler
O0gretmenlerin gergek isimleri degildir.

Veri Toplama ve Uygulama Siireci

Bu calismanin bir pargasi olan arastirmanin uygulama ve veri toplama stireci 9 hafta sirmustdr. Veriler
bireysel gorismeler, egitim toplantilarinin video kayitlari, problem seti degerlendirme formu ve
o0gretmenlerin hazirladiklari problemler aracihigiyla toplanmistir. Veri toplama siireci de dahil olmak tzere
arastirmanin uygulama sureci Tablo 1'de 6zetlenmistir.

Tablo 1.
Arastirmanin Uygulama Siireci
No. Uygulama Uygulama/Konu adi icerik
siresi (ort)
1. Bireysel ilk gérismeler Ogretmenlerin gergek hayat ile matematigi
goriismeler iliskilendirme amag ve yontemleri
(45 dakika)
2. Bireysel ikinci gériismeler Ogretmenlerin problem hazirlama hakkindaki
gorismeler gorisleri ve karsilastiklari bir matematiksel
(60 dakika) modelleme problemini geleneksel problemlerden
ayirt etme becerileri
3. 4 saat Matematiksel Matematiksel modelleme, modelleme perspektifleri,
(1 oturum) modellemenin teorik modelleme siireci, modelleme becerileri,
boyutu modellemenin egitimdeki roli ve dnemi
4, 4 saat Matematiksel Yeni bir problem ¢ézme yaklasimi olarak
(1 oturum) modellemenin bilissel matematiksel modelleme, matematiksel modelleme
analizi problemlerinin 6zellikleri, matematiksel modellemeyi
geleneksel problemlerden ayiran ozellikler
5. Yazili ev 6devi Problem seti Karsilasilan problemlerin matematiksel modelleme
(1 hafta) degerlendirme formu ozelliklerine gore bilissel analizinin yapiimasi
6. 4 saat Matematiksel Matematiksel modellemenin 6gretiminde
(1 oturum) modelleme problemi 6gretmenin roli, problem tasarlama prensipleri ve
hazirlama ve uygulama uygulamada dikkat edilmesi gereken hususlar
prensipleri
7. Yazili ev 6devi Matematiksel Ogretmenlerin bireysel olarak birer adet
(2 hafta) modelleme problemi matematiksel modelleme problemi hazirlamalari ve
hazirlama en az bir adet 6rnek ¢6ziim yapmalari
8. Bireysel Hazirlanan problemlerin  Ogretmenler ile hazirladiklari problemler ve problem
goriismeler degerlendirmesi hazirlama siireci hakkinda goriismeler yapilmasi
(45 dakika)
9. 8 saat Problemlerin Ogretmenlerin hazirladiklari problemleri ve drnek
(2 oturum) tartisilmasi ¢6z(im Onerilerini sunmalari
10, Yazili ev 6devi Problemlere son Sinif tartismalari ve dnerilerin dikkate alinarak

(1 hafta)

seklinin verilmesi

problemlere son seklinin verilmesi

Bu calismada Tablo 1’'deki son dort uygulamaya ait olan veriler dikkate alinmistir. Yani, 6gretmenlerin
hazirladiklari problemler, problemler hakkinda yapilan gériismeler ve problemlerin sunuldugu toplantilara
ait veriler incelenmistir. Ogretmenler problemleri bireysel olarak hazirlamalari istenmistir. Verilen siire
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sonunda 6gretmenlerle bireysel gorismeler yapilarak hazirladiklari problem ve problem hazirlama
surecine iliskin deneyimleri matematiksel modelleme kriterleri gergevesinde degerlendirmeleri
saglanmistir. Gérlisme formunda yer alan 6rnek sorulardan bazilari “Matematiksel modelleme problemi
hazirlamak ile diger problemleri hazirlamak arasinda nasil farkhliklar vardir? Bir problemin matematiksel
modelleme problemi olmasi icin hangi 6zelliklerin vazgecilmez oldugunu disliniyorsunuz? Problemi
hazirlarken nelere dikkat ettiniz? En ¢ok hangi asamada zorlandiniz? Neden? Sizce probleminiz
matematiksel modellemenin hangi 6zelliklerini tasiyor? Problemde degisiklik yapmak isterseniz nasil
degisiklikler yapmak istersiniz? Neden?” seklindedir.

Etik Kurul izin Bilgileri

Bu calismaya Erciyes Universitesi Sosyal ve Beseri Bilimler Etik Kurulu tarafindan 23.02.2016 tarihli 12
belge numarasi ile etik onay verilmistir. Ayrica arastirmanin Milli Egitim Bakanhgi Temel Egitim Genel
Mudirligi’nce 04.03.2016 tarihli ve 70297673-605-E.2596795 sayil Yasal izin Belgesi bulunmaktadir.

Verilerin Analizi

Uygulamaya ait tiim sesli ve gériintili veriler yazili dokiimanlara dénistiiriilmistir. Oncelikle her
gorismeye ait yazih kayitlardan rastgele ikisi secilmis ve transkriptin 6n kodlamasi arastirmacilar
tarafindan bagimsiz bir sekilde yapilmistir. Bu 6n kodlamalarin amaci 6gretmenlerin matematiksel
modellemeyi geleneksel problemlerden ayiran o6zellikleri ve problem hazirlama siireci hakkinda
diisiincelerini ortaya koyacak kodlarin belirlenmesini saglamaktir. On kodlamalar sonucu olusturulan
kodlama semasi ile birlikte matematiksel modelleme problemlerinin literatiirde yer alan 6zellikleri dikkate
alinarak ana kodlama asamasina gecilmistir. Her yazili kayit iki arastirmaci tarafindan bagimsiz olarak
kodlanmis daha sonra kodlar karsilastiriimistir. Uzlasma saglanamayan bolimler tiim arastirmacilar
tarafindan tartisilmis ve ortak karar dogrultusunda kodlanmistir. Kodlama semasina son sekli verildikten
sonra arastirmacilar ikili kodlamalara devam etmis ve uzlasamadiklari noktada Uglincu arastirmacinin
gorisiine bagvurmuslardir.

Hazirlanan problemler literatlirde yer alan matematiksel modelleme problemlerinin 6zellikleri (MaaR,
2007; Borromeo Ferri, 2018; Galbraith, 2007, Doerr & Lesh, 2011; Dogan, 2020) dogrultusunda
arastirmacilar tarafindan belirlenen kodlara gore analiz edilmistir (Yildirrm ve Simsek, 2016). Bu kodlar
gerceklik, aciklik, karmasik/diisiindiiriicii olma, model olusturma seklinde siralanabilir (Tablo 2).
Problemlerin belirlenen kriterlere gore analiz edilmesinde arastirmacilar bireysel analizler yapmis ve
yapilan analizler her kriter bazinda karsilastirmali olarak degerlendirilmistir. Veri analizlerinin gegerlik
guvenirligi bu sekilde saglanmigtir.

Tablo 2.
Matematiksel Modelleme Problemlerinin Ozellikleri

Matematiksel
modelleme Aciklama Kriterler icin rehber sorular
kriterleri

e Problem gercek yasam karsilasilan bir

Problemin gercek yasam durumu durumu iceriyor mu?
Gergeklik icermesi ve problem durumunun e Problem durumu uygulama grubu igin anlamli
bireyin gercekligiyle 6rtismesi olabilecek sekilde bilgiyi ve agiklamay igeriyor
mu?

Problemin varsayimlara ve
tahminlere (yorumlamaya) dayali
olmasi ve farkli ¢oztimlere agik
olmasi

e Problem yorumlamaya, varsayim
olusturmaya uygun bir yapida mi?
e Problemde farkh ¢éziimler ortaya gikiyor mu?

Aciklik
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e Birey problemi ¢ozmek icin matematiksel
yollar kullanma ihtiyaci hissediyor mu?

e Problem bireyde karmasik veya garesizlik
hissi uyandiriyor mu?

Matematigin problemde 6rtik yer
almasi ve problemin kiside ¢6zme
ihtiyaci veya arzusu yaratmasi

Karmasiklik

Problemin matematiksel
Model .

modelleme siirecine uygun . . R,
Olusturma . . matematiksellestirilmesi ile ¢ézilebiliyor mu?
¢Ozulebilmesi

Problem gergek yasam durumlarinin

Matematiksel modelleme problem hazirlama siirecine iliskin 6gretmen gorisleri icerik analizine tabi
tutulmustur. On kodlamalardan sonra arastirmacilarin bir araya gelerek olusturduklari kodlama semasi

Tablo 3’te verilmistir.

Tablo 3.

Ogretmenlerin Matematiksel Modelleme Problemi Hazirlama Siireci Hakkindaki Gériisleri

Kodlar Aciklama Ornek Ogretmen Goriisii
“Geleneksel problemler ¢cok daha kolay.
. Daha kisa siirede ¢cok hizli hazirlayabiliriz
Matematiksel AT
. ama modelleme problemi igin bir haftadan
modelleme problemi I
Zaman alici fazla diisiindiim ve zar zor ortaya

hazirlamanin uzun
zaman gerektirmesi

cikarabildim. Yani siiregler birbirinden ¢ok
farkli. Matematiksel modelleme problemleri
cok daha uzun zaman gerektirir.” (Merig)

Acik olma zorunlulugu

Farkh modeller ortaya
¢ikarmak i¢in problemde
varsayimlarin ve
yorumlarin gerekliligi

“Tek bir dogru sonucu olmayan gergek bir
yasam durumu olmalidir. Yalnizca bir dogru
sonucu olan problemler her zaman
uygulama asamasinda kalir (Bloom
Taksonomisinde). Metodolojiyi takip
ettiginizde, belirli bir tek sonug elde
edersiniz. Cocugun yorum yapabilme
yetenedini desteklemek gerekir.”(Seyhan)

Gergek yasam zorunlulugu

Problemin gergek yasam
durumu icermesi

“Normal problem hazirlarken belli
kazanimlarimiz var. Genel itibariyle
istedigimiz kazanimlari éigecek sekilde olan
testler, sinavlar, sorular hazirhyoruz. Cok zor
olmuyor. Giinliik hayatla ¢ok da fazla i¢ ice
olmasi gerekmeyen kazanimlar da
yoklaniyor. Alan hesabi mesela... Herhangi
bir dértgenin alaninin hesaplanmasi igin ¢ok
da giinliik hayatin icinde olan bir probleme
dayanmasi gerekmiyor. Olsa iyi olur ama
daha basit kaliyor. Matematiksel
modellemede 6yle degil.” (Firat)

Matematiksellestirilebilecek
bir durum belirleme

Gergek yasam
durumunun problem
durumunun kendisi
olmasi ve
matematiksellestirilerek
¢Ozulebilmesi

“Problemde ne soracagimi belirleyemedim.
Evet, glinliik hayatta karsilastigimiz birgok
sorun var ama ben ne soracagim? Her
zaman tek bir sonuca odaklandigimiz igin
matematiksel olarak farkli sonuglar verecek
bir problem durumu bulmak zordu. Ben
problemimi ¢cok degistirdim." (Ayla)
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Bulgular

Arastirma bulgulan iki baglk altinda ele alinmistir. ilk bélimde, hazirlanan problemler modelleme
kriterlerine gére degerlendirilmistir. ikinci bélimde ise 6gretmenlerin matematiksel modelleme problemi
hazirlama sireglerine iliskin deneyimlerine ait bulgular incelenmistir.

Ogretmenlerin Hazirladiklari Problemlerin Modelleme Kriterlerine Gére Degerlendirilmesi

Ogretmenlerin hazirladiklari problemler incelendiginde, ticiiniin matematiksel modelleme problemi
oldugu, Uglinlin ise matematiksel modelleme problemi olmadigi tespit edilmis, yapilan bireysel
gorismeler ve Ogretmen toplantilarindaki tartismalar sonucunda problemlerden ikisi glincellenerek
matematiksel modellemeye uygun sekilde diizenlenmistir. Problemlerin degerlendirme sonuglari Tablo
4’te sunulmustur.

Tablo 4.
Ogretmenlerin Hazirladiklari Problemlerin Modelleme Kriterlerine gére Degerlendirilmesi

Matematiksel modelleme kriterleri

Problemin adi ve hazirlayan

6gretmen Gergeklik Acikhik Karmagsiklik Model olusturma
E:ril';; Salonu Evet Hayir Kismen Hayir
Radar Problemi (Ayla) Hayir Hayir Hayir Hayir
- >

Bahce Evi Problemi Evet Evet Evet Evet
(Firat)

Araba Problemi* (Merig) Evet Evet Evet Evet
Elektrik Tarifesi* (Seyhan) Evet Evet Evet Evet
fzoﬁpl:f:) Enerji Uretimi Evet Hayir Hayir Hayir
Hediyelik Kayisi Paketi*

(Ayla**) Evet Evet Evet Evet
Kati Atik Bertaraf Tesisi*

(Ziihre**) Evet Evet Evet Evet

*Matematiksel modelleme problemi; **Problemlerin ikinci versiyonu

Tablo 4’te goruldigli problemlerin ilk versiyonlari analiz edildiginde Aras, Ayla ve Ziihre 6gretmenlerin
problemlerinin matematiksel modelleme olmadigi; Firat, Meri¢ ve Seyhan 6gretmenlerin problemlerinin
ise matematiksel modellemeye uygun oldugu tespit edilmistir. Ayla 6gretmenin hazirladigi Radar
probleminin matematiksel modellemenin hicbir 6zelligini saglamadigi; Ziihre 6gretmenin Copten Eneriji
Uretimi probleminin sadece gercek yasama uygun oldugu; Aras dgretmenin Digiin Salonu probleminin ise
gercek yasama uygun olmasiyla birlikte kismen dislindirici oldugu gortlmektedir.

Yapilan degerlendirmeler sonucunda (arastirmaci ve uzman gorisleri, bireysel gériismeler ve galistay
toplantilari) 6gretmenlerden problemleri revize etmeleri istenmistir. Matematiksel modelleme problemi
olan Bahge Evi, Araba ve Elektrik Tarifesi problemlerinin birkag kiiciik dizeltme ile daha anlasilir hale
getirilerek giiglendirilmesi istenmistir. Matematiksel modelleme problemi olmayan Diiglin Salonu, Radar
ve Coépten Enerji Uretimi problemleri icin ise sorumlu dgretmenlerden yapilan elestirileri géz 6niinde
bulundurarak problemlerini yenilemeleri ya da degistirmeleri istenmistir. Bunun Uzerine Ayla 6gretmen
Hediyelik Kayisi Paketi adli yeni bir problem hazirlamistir. Ziihre 6gretmen ise Cépten Enerji Uretimi
problemini yenileyerek problemin adini Kati Atik Bertaraf Tesisi olarak degistirmistir.
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Copten Enerji Uretimi

Toplumumuz tasfiyesi bliylik zorluklar iceren ve gittikge artan oranda ¢op uretmektedir.
Copun birikmesini izleyen siiregte curtiimeyle birlikte metan gazi olusmaktadir. Adiyaman
Belediyesi hem ¢dp sorununa ¢6zim bulmak hem de olusan bu gazdan elektrik Gretmek
amaciyla Kati Atik (¢op) isletme tesisi kurmak istemektedir. Adiyaman’da bir giinde ortalama
350 ton ¢op ciktigl belirlenmistir. Coplerin %40 ila %60 arasinda organik atik (bozunabilen)
ihtiva ettigi tahmin edilmektedir. Organik atiklarin %25’lik kismi suya donlismektedir. Geri kalan
organik atiklarin ortalama %56’sI metan gazi ¢ikarmaktadir. Bir ton metan gazindan bir saatte
2 kw ile 3 kw arasinda elektrik tGretimi yapilmaktadir. Bir glinde ne kadar elektrik tretilebilir?

Copten Enerji Uretimi probleminde Adiyaman Belediyesi bir kati atik isletme tesisi kurarak hem sehrin
¢Op sorununu ortadan kaldirmayr hem de agiga ¢ikan metan gazini elektrik tretiminde kullanmayi
hedeflemektedir. Problemi ¢6zen kisiden istenen ise metinde verilen oranlari dikkate alarak glnlik
ortalama ¢6p miktari 350 ton olan sehrin atiklarindan Uretilebilecek giinlik elektrik miktarini
hesaplamasidir.

Problem gercekgi sayisal verilerin yer aldigi gercek yasam durumuna uygun olarak hazirlanmistir.
Ancak matematiksel modelleme kriterlerinden sadece bunu saglamaktadir ve gergcek yasam durumu
iceren geleneksel nitelikleri tasiyan sozel bir problemdir. Dikkat edilirse ¢6ziim igin gerekli tiim bilgiler
problemde verilmistir. Dolayisiyla varsayimlara ve farkli modellerin olusturulmasina imkan vermeyen bir
problemdir. Coziim yaparken farkh alternatiflerden bahsedilebilir: 1) Sayisal veri araliklarinin alt ve st
sinirlari kullanilarak minimum ve maksimum degerlerler yine aralik seklinde bulunabilir. 2) Organik atik
miktari, ¢op miktarinin %40-%60’1 olacak sekilde sabit bir oran izerinden hesaplanabilir. Bir saatte Uretilen
elektrik miktari hesaplanirken de benzer sekilde 2 ile 3 arasinda sabit bir deger ile islem yapilabilmesi
mimkindar. Farkh sayisal sonuglarin ortaya g¢ikmasini 6zgiin modeller olarak degerlendirmek dogru
degildir. Problemde belirli ve dogrusal bir islem prosedir( vardir. Problemi ¢ézen kisi sadece sayisal
degerleri belirleme konusunda 6zgiir birakilmistir. Algoritmasinin belli olmasi modelleme siirecinin
basamaklarina uygun olarak ¢o6zilmesine de imkan vermemektedir. Zihre 6gretmen, problemlerin
degerlendirildigi toplantilardan edindigi deneyim ve kendi problemi tzerine yapilan tartismalari dikkate
alarak bu problemin matematiksel modelleme problemi olmadigina ikna olmustur. Ogretmenden
problemini glincellenmesi istendiginde ayni icerige sahip olan Kati Atik Bertaraf Tesisi problemini
hazirlamistir.

Kati Atik Bertaraf Tesisi

Adiyaman Belediyesi sehrin ¢op sorununa ¢ézim bulmak ve ¢dpten agiga ¢ikan metan gazini
elektrik Gretiminde kullanabilmek amaciyla bir enerji santrali kurmak istemektedir. Glinde
ortalama 350 ton ¢bp toplandigini géz 6niinde bulundurarak béyle bir tesisin kurulmasinin
gerekli olup olmadigini gerekgeleriyle yazdiginiz bir rapor hazirlayiniz.

Zihre 6gretmen hazirladigl ilk problemin agik uglu olmasini engelleyen, varsayimlarin éniine gecen
sayisal degerleri ve yonlendirici bilgileri kaldirilarak problemi bir matematiksel modelleme problemine
donustirilmastar (Sekil 3). Goraldugu gibi bu problemde Adiyaman’in glinde ortalama 350 ton ¢op
miktarini dikkate alarak bir enerji santralinin kurulup kurulamayacagina 6grencinin ¢6zim Uretmesi
isteniyor. BoOyle bir santralin gerekliligi ve kuruldugu takdirde avantajlarinin neler olacagl c¢esitli
varsayimlarda bulunmayi, yorumlamayi ve hesaplanmayi gerektirmektedir. Bu da 6grencilerin gergek
yasam durumunu matematiksellestirmeleri anlamina gelmektedir.

Gergeklik

Problem hazirlama siiregleri hakkinda yapilan bireysel gériismeler ve problemlerin degerlendirildigi
genel grup tartismalarinda matematiksel modelleme problemi hazirlarken 6gretmenlerin dikkate aldiklari
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ilk  kriterin gercek yasam durumu oldugu gorilmustir. Gergek yasam  durumlarinin
matematiksellestirilmesinde iki unsur én plana ¢cikmaktadir: 1. Ogretmen deneyimleri, 2. Sayisal verilerin
gercekligi. Ogretmenlerin gercek yasam durumlarindan esinlenerek problem olusturmaya calisirken kendi
deneyimlerini, ilgi alanlarini, giinliik hayatlarini dikkate aldiklar tespit edilmistir. Ornegin Seyhan’in
problemi hazirlarken kendi basina gelen bir olaydan esinlendigini, yasadigi bir sorunu dogrudan probleme
donistlirdiguint “Bu ¢ok tesadiifi bir sey oldu. Hazirlamadan 6nceki giinlerde evde bizzat karsilastigimiz
bir problem oldu.” seklinde ifade etmesi; Ayla’nin problemin gikis noktasi soruldugunda ise “Basima gelen
bir olay olmasi... (...) Diisiindiim sonra “Aaa evet bunu ben yasadim. Niye yazmiyorum.” dedim.” seklinde
bir agiklama yapmasi 6gretmenlerin problem hazirlarken deneyimlerinden faydalanmayi tercih ettiklerini
gostermektedir.

Ayrica problemlerde kullandiklari sayisal verilerin 6grencileri yaniltmamak amaciyla gercek degerlere
uygun olmasinin 6gretmenler icin 6nemli bir faktér oldugu tespit edilmistir. Zihre'nin Copten Enerji
Uretimi problemi igin bir cevre mithendisinden yardim almasi, Ayla’nin Radar probleminde otobandaki
yasal hiz sinirini arastirmasi, Meri¢’in glincel otomobil fiyatlarini kullanmasi 6gretmenlerin problemlerini
sayisal gerceklige dayandirma zorunlulugu hissettiklerini disiindiirmektedir. Problemler ve 6gretmen
gorisleri dikkate alindiginda 6gretmenlerin gergek yasam kriterini dikkate aldiklar biri hari¢ (Radar
Problemi) tim problemlerin bu 6zelligi tasidigi gorulmistar.

Acikhk

Ogretmenlerin problem hazirlarken dikkate aldiklari ortak kriterlerden biri problemin agik uclu
olmasidir. Ogretmenler acik uglu olmayi farkli modellerin ortaya gtkmasina imkan vermenin disinda bir de
farkh sonuclar elde etme seklinde ele almislardir. Elde edilen bulgular bu 6zelligin (alternatif sonuglara
sahip olma) bazi 6gretmenler tarafindan matematiksel modelleme problemlerindeki farkli ve 6zgiin
modellerin ortaya ¢ikmasiyla eslestirildigini gdstermektedir. Bu agidan bakildiginda 6gretmenlerin bu
ozelligi ¢ozimde sayisal olarak farkl degerler elde etmeyle sinirladiklari dislinilmektedir. Bu 6gretmenler
matematiksel modellemedeki “degisken” kavramini ve buna bagli olarak 6zgiin modeller ortaya ¢ikmasini
farkli yorumlamaktadir. Ogrencinin belirli bir aralik icinde istenilen sayisal degerleri kullanabilmesini farkli
degisken kullanmak oldugunu disilindukleri, elde edilen ¢oziimlerin sayisal degerlerinin farkli olmasini ise
farkli modeller olarak gordiikleri sdylenebilir. Ornegin, Zithre’nin Cépten Enerji Uretimi probleminde
verilen yuzdelik oranlar dahilinde farkli sayisal sonuglar elde edilmesi 6gretmen tarafindan farkh
modellerin ortaya ¢ikmasi seklinde yorumlanmistir.

Problemin agik uglu olma 6zelligini, farkh degiskenleri dikkate almak seklinde disiinen 6gretmenler
problem hazirlarken &zgiin modellerin ortaya c¢ikmasini dikkate aldiklarini belirtmislerdir. Ornegin,
Seyhan’in matematiksel modellemenin gercek yasami yansitmasinin dogal bir sonucu olarak 6zgiin
¢O6zumlerin ortaya ¢iktigini “(...) giindelik hayatta da bu béyle... Siz secimlerinize gére yasarsiniz. Bir nceki
seciminiz bir sonrakini etkileyecektir. Ha béyle olunca da tamamen yani nasil desem tek bir dogruya yénelik
degil de herkesin kendi segcimlerine yénelik bir seyler yapmaya ¢alistim (...)” s6zleriyle ifade etmistir. Firat
ise gorismeler sirasinda “Matematiksel modellemede veriler yani problemin icindeki veriler, sunu fark
ettim seni net ¢é6zlime gé6tiirmiiyor. Bizim klasik problemlerden farki bu. Bence en biiyiik farklardan birisi
bu... Ciddi anlamda bir yorum katmak gerekiyor. Zaten 6zgiin ¢6ziimler de bu sekilde ortaya ¢ikiyor.”
seklinde yaptigi agiklama ile problemin agik uglu olmasini dikkate aldigi gérilmektedir.

Ogretmenlerin problemin acik uglu olmasi gerektigine yonelik bir takim yanlis algilari olsa da bu kritere
uygun bir problem hazirlama gayretinde olduklari yapilan gériismelerde agik¢a gorilmektedir. Bununla
birlikte ilk hazirlanan problemlerin Giglinlin acik uglu olmasina ragmen diger li¢linlin bu 6zelligi tasimadigl
belirlenmistir.

Karmagikhk/Diisiindiiriicii olma

Bulgular 6gretmenlerin problem hazirlarken gergek yasam ve agik uglu olmasini dikkate aldiklari kadar
karmasik yani duslindlricti olmasini net bir kriter olarak ele almadiklarini gostermektedir. Aras
6gretmenin egitim Oncesi yapilan gorliismelerde kaliteli bir matematik probleminin tasimasi gereken en
onemli 6zelliklerden birinin diisiindiirtici olmasi oldugunu vurgulamis ve egitimden sonra matematiksel

59



Sahin, Giirbiiz & Dogan — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 33-70

modellemenin bu yoniinin kendisini cezbettigini, daha 6nce farkinda olmadigl bu problem tiirinin
ozellikle diistiindiriicl oldugu icin geleneksel problemlerden daha etkili olabilecegini ifade etmistir. Ancak
O0gretmenin problemin dislindurici olmasi ile ilgili agiklamalari incelendiginde bu tir problemlerin dikkat
gerektiren, tek adimda c¢6zlilmeyen problemler oldugu anlasilmaktadir. Dolayisiyla 6gretmene goére
problemin disindirici olma tanimi matematiksel modelleme problemlerinin distindiiriici olma
ozelligini karsilamamaktadir.

Firat 6gretmen, c¢ok fazla degiskenin dikkate alinmasini gerektiren ve belirsizligin yogun derecede
hissedildigi problemlerde ¢6ziimin zorlasacagini  hatta bu durumun ¢6ziime ulagiimasini
engelleyebilecegini dislindigund,

“Diger 6gretmen arkadaslarimin problemlerini gériince diinyayi nasil kurtaririz diye anladim {(...) Hani
cok ucu acgik, cok muallakta, cok belirsizlik, ¢ok fazla degiskenler... Bu anlamda nasil net ¢éziimler yapilabilir
ya da yapilmasi zor yani. (...) kesinlikle insanin bu problemler (istiinde diisiinerek yetilerini gelistirebilecek
bir yaklasim bu. Ama iste...”

seklinde belirtmistir. Bu nedenle problemin distindirici olmasini 6grencilerin 6zelliklerine goére
ayarlanabilir nitelikte bir 6zellik olarak dikkate alinmasi gerektigine inanmaktadir. Tim problemler ve
gorisler dikkate alindiginda hazirlanan ilk problemlerden Uguniin (Bahge Evi, Araba Problemi, Elektrik
Tarifesi) diisiindiiriicii nitelikte oldugu, ikisinin (Cépten Enerji Uretimi, Radar Problemi) bu &zelligi
tasimadigi, bir problemin ise (DUglin Salonu Problemi) kismen distindirici oldugu tespit edilmistir.
Ayrica hazirlanan son iki problemin de dislindlrici olma kriterine uygun oldugu gérilmistir.

Model olusturma

Bir problemin matematiksel modelleme olabilmesi igin gerekli sartlardan biri de modelleme siirecine
uygun olarak ¢o6zilebilmesidir. Problem hazirlarken modelleme siirecine uygun ¢o6zilebilmesini dikkate
aldigini dile getiren tek 6gretmen Seyhan olmustur. Seyhan 6gretmen problemi hazirlarken modelleme
siirecine uygun olarak nasil ¢ozilebilecegini disinmektedir. Gérismede “Problemi yazma asamasinda
zorluk yasadiniz mi?” sorusuna su sekilde cevap vermistir:

“Hayir. Zaten en biiyiik sansim su oldu: modellemenin basamaklarini zihnimde gegirerek ona gére
yazdigim icin, nasil desem soruyu diisiiniirken ya da yazarken modelleme basamaklarini diisiinerek
yazdim. Zihinsel model olusturma, model olusturma ya da dénliistiirmeye yénelik seyler yaptigim icin
problemin ¢atisini kurdum. Sonraki meseleler pek fazla zamanimi almad:.”

Ogretmenin bu cevabindan modelleme siirecini diisiinerek problemi hazirlamasinin problem yazma
sirecini kolaylastirdigi gorilmektedir. Diger 6gretmenlerin problem hazirlarken dogrudan modelleme
basamaklarini dikkate aldiklarina yonelik bir bulguyla karsilagilmamistir. Ancak 6gretmenlerin 6rnek
¢ozlimlerini modelleme basamaklarina uygun sekilde diizenlemeleri Firat ve Meri¢ 6§retmenin bu kritere
dikkat ettiklerini gostermektedir. Aras 6gretmen ise modelleme problemlerinin ¢d6zimdi ile ilgili olarak
goruslerini,

“Eger “senin sunacadin her ¢éziimiin dogrudur” dersek o ¢ocuk hi¢ umursamadan diisiinmeden bir
¢6ziim bulmaya ¢alisacaktir ama tutarli olacak, mantikli olacak, o problem durumu ile ilgili olacak. Ortaya
¢cikacak sonug seni de mutmain edecek. Var olan bir problemi ortadan kaldirmak igin senin gériisiin nedir
ve o gériistin dogrultusunda senin ¢ikaracadgin sonug ne olacak.”

seklinde dile getirmistir. Ogretmene gére ortaya koyulan her ¢éziim mantik siizgecinden gegcirilmeli,
gercek hayattaki islevselligi kontrol edilmelidir. Aksi takdirde 06grencilerin {izerinde dislinmeden
Urettikleri birgok ¢6zim oOnerisi sunacaklarindan endise etmektedir. Modelleme siirecinde, model
olustururken ve c¢ozerken problem durumunun gercek hayatla baginin koparilmamasi gerekliligi
donistiirme ve degerlendirme basamagina karsilik gelmektedir. Yapilan goriismelerde Seyhan harig hicbir
ogretmenin dikkate aldiklarini dogrudan belirtmeseler de matematiksel modelleme problemi olan tiim
problemlerin modelleme siirecine uygun ¢ozillebildigi tespit edilmistir.
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Ogretmenlerin Problem Hazirlama Siireglerinin Genel Degerlendirmesi
Ogretmenlerin problem hazirlama siireglerini anlattiklari bireysel gériismelerde ve egitimler

sirasindaki grup tartismalarinda matematiksel modelleme kavramlarini farkh sekillerde kullandiklari
gorilmustur (Tablo 5).

Tablo 5.
Ogretmenlerin Problem Dederlendirme Kriterleri
Modelleme Kriterleri Alternatif kullanim sekli
Gergeklik gercek yagam, glinlik hayat
Aciklik varsayimlara dayali, sinirli veri, ¢6ziim 6zgurlig, farkli ¢goziimler
Distindirici/karmasik olma disunduricu, belirsizlik, garesizlik hissi yaratma, zor olma

Ogretmenlerin bu kavramlari kullanma bigimleri degerlendirildiginde bazen ayni ya da benzer seyi
ifade ettikleri; bazen de olmasi gerekenden farkli bir anlamda bu kavramlari kullandiklari belirlenmistir.
Ornegin, giinliik hayat dogrudan gercek yasami isaret etmek icin kullandiklari bir kavramdir. Ancak bazi
kriterlerin matematiksel modellemenin &ézelliklerini yansitmadigi gériilmiistiir. Ornegin disiindirici ya
da karmasik olma, problemdeki belirsizlik durumu, problemin zor olmasi gibi kriterler teorik olarak
degerlendirme yapmak icin secilen dogru ozellikler gibi goriinse de 6gretmenlerin bu 6zellikleri farkh
algilamalari sonucu bunun yanlis degerlendirmeler yapmalarina sebep oldugu tespit edilmistir. Aras
O0gretmenin Diglin Salonu probleminin ¢6zimi igin birgcok islem yapmayi gerektirmesi 6gretmen
tarafindan dislindiiriici olma ile iliskilendirmesi bu duruma ornek olarak verilebilir. Bireysel olarak
yasanan bu tir zorluklarin grup tartismalariyla ortadan kalktigi, kavramlarin matematiksel modellemeye
uygun sekilde kullanildigi gérialmustir.

Ogretmenlerin matematiksel modelleme problemi hazirlama siireci hakkindaki goriisleri Tablo 6.’da
Ozetlenmistir.

Tablo 6.
Ogretmenlerin Matematiksel Modelleme Problemi Hazirlama Siireci Hakkindaki Gériigleri
Kodlar Agiklama Ogretmenler
Matematiksel modelleme problemi Ayla, Firat, Merig, Zihre,
Zaman alici . .
hazirlamanin uzun zaman gerektirmesi Seyhan, Aras
Farkl I k k igi
) arkli modeller ortaya g¢ikarmak igin Ayla, Firat, Meric, Zihre,
Acik olma zorunlulugu problemde varsayimlarin ve yorumlarin
I Seyhan
gerekliligi
Gercek yasam zorunlulugu !Droblem.in gercek yasam durumu Ayla, Firat, Merig, Zihre,
icermesi Seyhan, Aras
. L Gergek yasam durumunun problem
Mat tiksellestirilebilecek
atematikseliestiriebtiece durumunun kendisi olmasi ve Ayla, Firat, Merig, Seyhan

bir durum belirleme . L e .
matematiksellestirilerek ¢ézllebilmesi

Tablo 6 incelendiginde tiim 6gretmenlerin matematiksel modelleme problemi hazirlama siirecinin
zaman alici olmasi konusunda hem fikir olduklari goriilmektedir. Problem hazirlamanin zaman alici
olmasina yonelik veriler 6zellikle problem durumu olusturacak bir fikir bulma asamasinda 6gretmenleri
zorladigi soylenebilir. Ayla’nin “Bu ¢ok daha fazla zaman aldi ¢ok daha derin diisinmeme neden oldu.
Obiirlerinde (geleneksel problemlerde) sayisal cevap direk bulunabildigi igin sikinti yasamiyordum da
bunda siire¢ bayadi uzun siirdii.” seklindeki ifadeleri ile Meri¢’in “...modelleme problemi igin bir haftadan
fazla diisiindiim ve zar zor ortaya ¢ikarabildim.” s6zleri bu duruma 6rnek bulgular arasinda yer almaktadir.

Matematiksel modelleme problemlerinin farkh yorumlara acik, ¢6ziim adimlarinin dogrusal olmayan
bir yapiya sahip olmasi nedeniyle 6gretmenlerin problem hazirlama siirecinde alisik olmadiklari bir
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deneyim yasamalarina sebep olmustur. Firatin bu konu hakkindaki asagidaki yorumu diger
katilimcilarinda goériistini yansitir niteliktedir.

“Matematiksel modellemede veriler yani problemin icindeki veriler sunu fark ettim seni net ¢bziime
g6tiirmiiyor. Normal bizim klasik problemlerden farki bu. Bence en bliylik farklardan birisi... Ciddi anlamda
bir yorum katmak gerekiyor. Zaten 6znel ¢éziimler bu sekilde ortaya ¢ikiyor.”

Matematiksel modelleme problemlerinin en temel 6zelligi olan gercek yasam durumuna dayali olmasi
tim o6gretmenlerin problem hazirlama sirecinde ilk dikkate aldiklari kriterdir. Dolayisiyla problem
hazirlama sirecinde bunun hem bir gereklilik hem de kendilerini zorlayan bir kriter oldugunu
vurgulamislardir. Bununla birlikte 6zellikle matematiksellestirmeye uygun bir gercek yasam durumu
bulmanin zorlayici bir siire¢ oldugu Firat’in su agiklamalarindan anlagiimaktadir:

“Vazgecilmez 6zelliklerimden ilki giinliik hayatta bir karsihdin olmasiydi. Ikincisi matematik diline
cevrilebiliyor olmasiyd.. (...) Hani sey diye diisiindiim bir olayr matematik diline cevireyim diye diisiindim.
Ceviremedim. (...) Bir sey daha oldu ondan énce de bir sey tasarlamistim ben. (...) Ben 8. siniflarin dersine
girdigim icin orada da hazirlayabilecedim konular (slii sayilar, karekéklii sayilar oldugu igin karekdklii
sayilardan bir sey tasarlamak istedim. Hatta onu da tasarladim da sonra ondan da vazgegtim. Onda da bir
bahgeye hazir ¢cim sereceklerdi. Farkli firmalarin farkh seyleri var mi diye arastirdim hatta. Ciinkii hepsi
kare seklinde mi liretiyor, hepsi dikdértgen seklinde mi liretiyor. Sonra baktim ki farkli firmalar farkl
ebatlarda (retebiliyormus. Onunla ilgili bir problem tasarladim sonra vazgeg¢tim ondan. Aslinda onu
gGétiirebilseydim sonuna kadar o daha iyi bir problem olabilirdi.”

Ogretmenlerin matematiksel modelleme problemi hazirlarken dikkate aldiklari kriterler ve
karsilastiklar zorluklar hakkindaki gorisleri incelendiginde bu siireci genellikle 6nceki deneyimleriyle
karsilastirarak degerlendirdikleri ortaya ¢ikmistir. Bu nedenle 6gretmen gorisleri dikkate alinarak
matematiksel modelleme problemi hazirlama sirecinin geleneksel problem hazirlama siireci ile
karsilastirilmasi Tablo 7’de verilmistir:

Tablo 7.
Ogretmenlerin Matematiksel Modelleme Problemi ile Geleneksel Problem Hazirlama Siireglerinin
Karsilastiriimasi

I\/‘I‘aternatlksel Modelleme Problemi Hazirlama Geleneksel Problem Hazirlama Siireci

Siireci

Zaman alicidir Kisa surede yapilabilir

Gergek yasam durumu olmak zorundadir Gergek yasam durumu olmak zorunda degildir

Problem durumu matematiksellestirmeye uygun Problem durumunun matematik diline

olmalidir aktarilmasi s6z konusudur

Acik uglu olmaldir Genellikle tek ¢oziime yoneliktir

Farkli degiskenleri dikkate almak gerekir Sadece sayisal degiskenler kullanmak yeterlidir

Diisiinmeyi gerektirir Cok fazla distinmeden birgok benzer problem
hazirlanabilir

Analiz, sentez ve degerlendirme basamaklari Genellikle kavrama ve uygulama basamagina

dikkate alinir yoneliktir

Matematiksel modelleme problemi hazirlamanin zor bir slire¢ oldugu tiim Ogretmenlerin ortak
gorisudir. Zor olmasinin nedenleri Tablo 7’de acik bir sekilde gériilmektedir. Oncelikle, matematiksel
modelleme problemi hazirlama 6gretmenler igin geleneksel problem hazirlamaya gére oldukga uzun bir
siire¢ oldugu sdylenebilir. Ogretmenler ilk olarak, fikir bulma konusunda zorlanmislardir. Ornegin, Ziihre,
bu durumu “Ben énce konuyu belirleyemedim. Yani bunu belirledikten sonra iki giin siirdii kdgida dékmek.
(...) bir fikir bulmak uzun siirdii.” seklinde dile getirmistir. Fikri bulduktan sonra ise bunu kagida dokmek
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cok fazla zamanlarini almamistir. Ogretmenlerin problem durumunu belirlemelerinde zorlanmalarinin
nedenleri problemin gercek hayattan ve agik uglu olmasi gerektiginden kaynaklanmaktadir. Ayni anda
farkli degiskenlerin bir arada dusuiniilmesini saglayacak karmasik bir problem hazirlamak 6gretmenler igin
kolay olmamustir. Ornegin, Firat,

“Normal problem hazirlarken belli kazanimlarimiz var. Genel itibariyle onlari 6icecek sekilde testler,
sinavlar, sorular hazirliyoruz. Cok zor olmuyor. Orada giinliik hayatla ¢ok da i¢ ice olmasi gerekmeyen
kazanimlar da yoklaniyor. Alan hesabr mesela... Herhangi bir dértgenin alaninin hesaplanmasinin giinliik
hayatin icinde olan bir probleme dayanmasi gerekmiyor.”

diyerek baglayan agiklamasinda problemin gergek hayat durumunu yansitmasi gerekliliginin kendisini
zorladigini ifade etmistir.

Ogretmenlerin problemlerini hazirlarken c¢ikis noktalari kazanimlar degil gercek yasam durumlari
oldugu hatta kendi deneyimleri oldugu elde edilen bulgulardan biridir. Ancak probleme konu olan
durumlar da birden ortaya ¢cikmamistir. Her 6gretmen birkag basarisiz deneme siireci yasamistir. Ornegin
Meric bu slreci anlatirken,

“Benim ilk ¢cikis noktam bir olayr matematik diline cevirmekti. Ceviremedim. Aslinda ilk énce saglikla ve
sporla ilgili problem yazmaya basladim. Bunun igin bir seyler arastirdim. Bayadi da problemi kurguladim.
Spor yapmak isteyen ve kilosunu diistirmek isteyen biri su kadar yiirtiylisle su kadar kalori harciyor falan...
Sonra problemi biraz ortaya ¢ikarinca bizim daha énce ¢ézdiigiimiiz diyet problemine ¢ok benzedigini
gdlriince vazgegtim.”

ifadelerini kullanmistir. Diger 6gretmenlerin de benzer problem hazirlama 6ykistine sahip olduklari
saptanmistir.

Problem hazirlama siirecinde yasanan zorluklarin nedenlerinden biri de problemin agik uglu olmasiyla
ilgilidir. Geleneksel problemler genellikle islem adimlari belli olan tek ¢6ziimli problemler oldugu igin
O0gretmenler bu tur problemlerle siklikla karsilagmalarindan dolayr uzmanlastiklari séylenebilir. Firat
o6gretmen konuyla ilgili olarak asagidaki ifadeleri kullanmistir:

“Giinlerce neyin iizerine diisiinecedimizi de bilmiyordum. Uzerine calisacadim bir konu belirleyemedim
acgikgasi. Bir iki fikir olustu sonra o fikirleri nereye ulastirabilecegimi kestiremedim. Vazgectigim durumlar
oldu. Normal problem hazirlarken giinliik hayatla ¢ok da i¢ ice olmasi gerekmeyen kazanimlar da
yoklaniyor. Alan hesabi mesela... Herhangi bir dértgenin alaninin hesaplanmasinin giinliik hayatin iginde
olan bir probleme dayanmasi gerekmiyor. Olsa iyi olur ama daha basit kaliyor. Aliskin oldugum sorular
6grenciligimizden beri hep klasik soru tarzlari.”

Firat 6gretmenin bu sézlerinden de anlasilacagl lizere geleneksel problemlerde gercek yasamin her
zaman 6nemli bir unsur olmamasi buna karsin matematiksel modellemenin gercek yasama dayali olmasi
o6gretmenleri zorlayan faktorlerden biri olmustur. Bununla birlikte farklh degiskenlere acik, diistindirici
ve dolayisiyla st diizey dislinme becerilerini kullanmayi gerektiren bir problem yazmak 6gretmenler
tarafindan matematiksel modellemeyi geleneksel problem hazirlamadan ayiran 6zellikler olarak
gorulmistir.

Tartisma

Ogretmenlerin matematiksel modelleme problemi hazirlama becerilerinin incelendigi bu arastirmada
elde edilen bulgular 6gretmenlerin matematiksel modelleme anlayislarinin olustugu, bu tiir problemlerin
tasimasi gereken Ozellikleri belirleyebildikleri ve matematiksel modelleme problemi hazirlarken bu
ozellikleri dikkate aldiklari tespit edilmistir. Bu bolimde ogretmenlerin matematiksel modelleme
problemleri hazirlarken bu 6zellikleri problemlerine nasil yansittiklari tartisilacaktir.

Matematik — Gergek Yasam iliskisi
Matematik derslerinde problemlerin gercek yasama dayali olmasi bir¢ok galismada ve Ogretim

programlarinda vurgulanan énemli bir 6zelliktir (Bonotto, 2007; Buhrman, 2017; MEB, 2018). Matematik
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ile gergcek dunya iliskilendirilirken ise gercek diinyadaki matematiksel iliskilere odaklaniimahdir (Ball et al.,
2008; Bonotto, 2007). Ogretmenlerin matematigi gercek yasamla iliskilendirme yéntemleri géz 6éniine
alindiginda cogunlukla bu durumu goéz ardi ettikleri, geleneksel ve sinirl bir tutum sergiledikleri
soylenebilir. Yapilan arastirmalar (6rn., Gainsburg, 2008, 2009; Pierce & Stacey, 2006) derslerinde gercek
yasamdan ornekler veren 6gretmenlerin bir kismi bu 6rnekleri 6grenmeyi desteklemek amacindan ziyade
matematigin gercek hayata uygunlugunu gostermek ve 6grencilerin derse olan motivasyonlarini artirmak
icin kullanilabilecek birer arag olarak gérmektedir. Birgok tlkenin 6gretim programinda vurgulanmasina
ve 6gretmenlerin buna yodnlendirilmesine ragmen gercek yasam durumlari iceren baglamsal problemlere
derslerinde yeterince yer vermedikleri de bilinen bir gergektir (Reinke, 2019). Bu sekilde kullanilan gergek
yasam Ornekleri problemlerin ¢éziminde ya da konularin 6gretiminde belirleyici bir role sahip olmadigi,
6grenme alaninin sadece matematik dilinyasiyla sinirh kaldigi soylenebilir. Oysa matematiksel
modellemedeki matematik ile gercek diinya arasindaki iliski geleneksel anlayisin 6tesindedir ve her iki
diinya da ¢6zim icin 6nemlidir (Bliss et al., 2016).

Ogretmenlerin egitim almadan 6nce dahi gercek yasama vurgu yapmalari ve modelleme
problemlerinin en belirgin 6zelliginin problemlerin gergek diinyada basliyor olmasi problem hazirlarken
o0gretmenlerin ilk olarak bu 6zelligi dikkate almalarina neden olmustur. Bu sonug Borromeo Ferri ve Lesh’in
(2013) galismalari ile de uyusmaktadir. Arastirmacilarin elde ettikleri sonuglara gére, 6gretmen adaylar
ve 6gretmenlere gore bir problemin gergekgi bir icerige sahip olmasi matematiksel modelleme olmasi igin
tasimasi gereken 6zelliklerinden biridir. Burada kastedilen gergeklik kisinin bireysel hayati degil; verilen
durumun hayatin akisina uygunlugudur. Ogrencinin var olan durumu anlamasi bu baglamda kendini
verilen olayda hayal edebilmesi gercgeklik icin yeterlidir (Reinke, 2019). Galbraith (2007) matematiksel
modelleme problemi hazirlarken dikkat edilmesi gereken gergek yasam baglantisinin 6grencilerin hayatina
uygun olmasinin gerekliligine vurgu yapmaktadir. Bu ¢alismada ise 6gretmenlerin gergek yasam algilarinin
bu gergeklik tanimiyla tam olarak uyusmadigi séylenebilir. Ozellikle problem hazirlarken, problem
durumlarinin 6grencilerden ziyade 6gretmenlerin kendi hayatlarina uygun olmasi dikkat cekmektedir.
Deniz (2014) calismasinda Ogretmenlerin matematiksel modelleme etkinligi hazirlarken en c¢ok
zorlandiklari durumun matematik ile gergcek yasam arasinda iliski kurmak oldugunu tespit etmistir. Ayrica
etkinliklerin 6grenci seviyesine uygun sekilde diizenlenmesi de yasanan zorluklardan biridir. Bu zorluklarin
nedenlerinden biri 6gretmenlerin 6grencilerin gergekligini gbz ardi etmeleri ya da buna yeterince dikkat
etmemeleri olabilir. Bu arastirmada da benzer sonuglar elde edilmis ve 6§retmenlerin problem hazirlarken
kendi yasadiklari ya da taniklik ettikleri olaylardan esinlendikleri belirlenmistir. Ancak literiirde problemi
¢6zecek hedef kitlenin 6zelliklerinin dikkate alindigi, onlarin ilgisini ¢ekebilecek problemler hazirlanmaya
caba gosterildigi calismalara da rastlamak mimkindir (6rn., Borromeo Ferri, 2018; Deniz, 2014; Tekin
Dede & Bukova Giizel, 2013). Bununla birlikte Sevinc ve Lesh’in (2018) calismalarinda matematiksel
modelleme etkinlikleri araciligiyla, 6gretmen adaylarinin 6grenciler icin neyin gercek¢i olacagini ve
gercekei baglamin 6grencileri matematiksel diisinmeye nasil tesvik edebilecegi hakkinda dogru yorumlar
yapabildiklerini tespit etmislerdir. Benzer bir durumun bu galismaya katilan 6gretmenler icin de gegerli
oldugu disiiniilmektedir.

Buhrman (2017) geleneksel problemlerin 6grencileri dislinmeden uzaklastirdigini sadece islemsel
olarak dogru cevaba ulasmak amaciyla 6grencilerin ¢d6zimiin gergekci yonlerini géormeye gayret
etmediklerini belirtmektedir. Bu ¢alismanin sonuglarina bakildiginda benzer durumun 6gretmenler igin de
gecerli oldugu gorilmektedir. Geleneksel problemlerle uygulama yaparken problemin gercek yasam
baglantisini dikkate almamalarinin 6gretmenlerin matematiksel modelleme problemi hazirlarken bu
iliskiyi kurmakta zorlanmalarina sebep oldugu séylenebilir.

Acikhk

Matematiksel modelleme problemlerini diger problem tirlerinden ayiran en belirgin 6zelliklerden biri
varsayimlara ve tercihlere dayali olmasidir (Borromeo Ferri, 2018; Galbraith, 2007). Problemin bu 6zelligi
¢6zlim icin gerekli olan degiskenlere problemi ¢ézen kisinin karar vermesini gerektirir ve boylece 6zgiin
¢6zumler (modeller) ortaya cikar. Bu ¢alismada problemin acik (uglu) olmasi seklinde ele alinan bu 6zellik
problemin yoruma agik olmasi seklinde de degerlendirilebilir. Matematiksel modelleme problemlerinin
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acik uglu olmasina yonelik elde edilen bulgular problem hazirlama siirecinde Aras, Ayla ve Zihre
O0gretmenlerin bu 6zellige farkl bir anlam yuklediklerini gdstermektedir. Bu 6gretmenlerin problemin agik
uglu olmasini farkl modellerin degil, farkli sonuglarin elde edilmesi seklinde dustindukleri tespit edilmistir.
Ornegin, Copten Enerji Uretimi problemini hazirlayan Ziihre farkli sonuglar elde edilmesinden dolayi
problemin 6zgiin ¢éziimlere acik oldugunu iddia etmistir. Problemlerde sayisal degerlerin belirli bir
aralikta verilmesi (%40 ile %60 arasinda olma gibi.) 6grencilere bu aralikta herhangi bir deger alma firsati
sunmaktadir. Ogrencilerden beklenen verilen sayisal aralik dahilinde sayilar belirleyerek ayni islemsel
prosedurlerle farkli sonuglar bulmalarndir. Dolayisiyla bu problemler igin sadece matematiksel dile
aktarma s6z konusudur ve bunlar birer geleneksel problem niteligindedir. Oysa matematiksel
modellemede matematiksellestirme, bir matematik diline geviri eylemi degil matematigi dizenleme
anlami tasimaktadir (Gavemeijer, 1997; Jupri & Drijvers, 2016). Ogretmenlerin acik uglu olma &zelligini
matematiksellestirme boyutuyla ele almamis olmalarina iliskin bu sonug arastirmayi bu konuda yapilan
diger calismalardan ayiran 6zgiin sonuglardan biridir.

Karmasik veya Disiindiiriicii Olma

Bir problemin ayirt edici 6zelligi ¢6zim ihtiyaci hissettirmesidir (Lester, 1983). Dolayisiyla matematik
problemleri belirli stratejilerle ¢oziilebilecek ve sadece matematik diinyasina ait problemler olmaktan
ziyade Ogrencilerin okulun otesindeki gercek yasama iliskin ve karmasik sistemlerle basa ¢ikma
yeteneklerini gelistirecek nitelikte olmalidir (English, 2008; Gainsburg, 2006). Bir problemin 6grencilerde
¢6zme istegi ya da ihtiyaci hissettirmesi ise problem durumunun karmasik ya da dislindlrici olmasiyla
dogrudan iliskilidir. Her ne kadar bu matematiksel modellemenin bir 6zelligi olsa da diisiindiirticti olan her
problem matematiksel modelleme problemi degildir. Bu arastirmanin sonuglari dikkate alindiginda
O6gretmenlerin dusltindurtct olmayi farkl sekillerde degerlendirdikleri goértlmustiir: 1) Matematiksel
olarak zor olma, 2) Coziim igin ayni anda farkli durum ya da degiskenlerin dusuniilmesi gerektigi (mantik
problemleri gibi). Sonuca ulagsmak icin daha fazla gaba sarf etmeyi gerektiren problemlerin (6rn., Copten
Enerji Uretimi) farkh ¢éziimlere acik, zor bir problem oldugunu disiinmiislerdir. Egitimler sirasinda da
ogretmenlerin mantik problemlerini disinmeyi gerektirdigi icin matematiksel modelleme olarak
gormeleri bu bulgular desteklemektedir. Bununla birlikte literatiirde bu konuya iliskin bir ¢alismaya
rastlanmamistir.

Bu arastirmanin bulgulari matematiksel modelleme problemi hazirlarken bazi 6gretmenlerin problemi,
matematiksel islem sayisini ya da sayisal degiskenleri artirarak zorlastirmaya calisarak o6grencileri
diisinmeye sevk etmeyi amagladiklarini géstermektedir. Ogretmenler her ne kadar gercek yasam
durumlarini dikkate almis olsalar da matematiksel modellemedeki matematik diinyasi ile gergek diinya
arasindaki iliskinin kopmamasi, ¢6ziim icin her iki diinyanin da 6nemli oldugu gerekliligini géz ardi ettikleri
soylenebilir. Matematiksel modelleme problemlerinin distindiricl olmasi problem durumunun 6zellikle
gercek dilinya ile olan iliskilisiyle ilgilidir. Clinkii bu problemlerin temelinde toplum ve cevre vardir,
dolayisiyla bunlar karmasik, daginik ve gercekgi problemlerdir (Blum & Borromeo Ferri, 2009; Garfunkel &
Montgomery, 2016). Matematiksel modellemenin karmasik durumlara acikhk getirmesi beklenen
problemler olmasi (Lesh & Zawojewski, 2007), problemi ¢6zen kiside caresizlik ve giivensizlik hissi
yaratmasi (Kaiser et al., 2011), matematigin ortik olarak yer almasi, yorumlamayi ve fikir Gretmeyi
gerektirmesi (Borromeo Ferri, 2006; Clement et al., 1981) modelleme siirecini ve hatta uygulama strecini
zorlastirmaktadir (Clement et al.,, 1981). Ancak arastirma bulgulart bu 6zelligi farkh yorumlayan
o6gretmenlerin matematik dinyasindan c¢ikamadiklarini, problemi matematiksel olarak zorlastirarak
karmasik hale getirmeye calistiklarini gdstermektedir. Bu sonug arastirmacilarin yaptigi farkh arastirma
sonuglari ile de paralellik géstermektedir (Sahin et al., 2017; Sahin et al., 2018). Sahin ve arkadaslari (2017)
o6gretmen adaylari ile yaptiklari galismalarinda ¢ok degiskenli ve fazla sayisal verinin yer aldigi geleneksel
problemleri dislindiirici oldugu icin matematiksel modelleme problemi olarak degerlendirdiklerini tespit
etmislerdir.

Matematiksel Modelleme Problemi Hazirlama Siireci

Problem hazirlama, 6gretmenlerin sahip olmalari gereken 6nemli bir beceri olarak gorilmektedir
(Hospesova & Ticha, 2015). Bu arastirmanin sonuglari da ¢alismaya katilan tiim 6gretmenlerin bu fikre
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sahip oldugunu goéstermektedir. Buna ragmen 6gretmenlerin merkezi sinav sitemi ve mifredati yetistirme
kaygisiyla problem hazirlamaya vakit ayiramadiklari; bunun yerine mevcut kaynaklardan faydalandiklari
gorulmistir. Oysa 6gretmenlerin problem hazirlamayi sadece 6grenciler igin olusturulan birer etkinlik
olarak gdérmemeleri gerekir. Ogretmenler siniftaki 6grencilerin &zelliklerine ve ihtiyaglarina uygun
problemler hazirlayarak onlarin eksikliklerini ve karsilastiklari zorluklari tanilayabilecekleri gibi (English,
1997; Harel et al., 2006) problem hazirlamak kendileri i¢in de bir motivasyon kaynagidir (Chapman, 2012;
Hospesova & Ticha, 2015). Bu galismada da ortaya koyuldugu gibi problem hazirlama ayni zamanda bir
6grenme faaliyetidir ve daha iyi anlayan 6gretmen daha etkili bir 6gretim gergeklestirir (Chapman, 2012;
Hospesova & Ticha, 2015). Arastirmaya katilan 6gretmenlere gore bir konuyu anlamanin en iyi yolu o konu
hakkinda problem hazirlamaktir. Eger bir 6g§retmen bunu gergeklestirebiliyorsa hem konuyu daha iyi anlar
hem de yukarida belirtildigi gibi 6grencilerin nasil 6grendikleri hakkinda fikir sahibi olur. Hatta arastirma
bulgulari arasinda hazirladiklari problemlere 6rnek ¢oéziimler yapmanin 6grencilerin nerede ve nasil
zorluklar yasayacaklarinda bir dngoérii kazanmalarini sagladigi yer almaktadir. Dolayisiyla 6gretmenler igin
ornek ¢o6zim yapmak problem hazirlamanin 6nemli bir bilesenidir. Matematiksel modelleme
problemlerinin birgok 6zgiin ¢6ziime agik olmasinin 6gretmenlerde 6rnek ¢6ziim yapmayi bir ihtiyag haline
getirdigi de sdylenebilir. Ornek ¢dziim yapmak dgretmenlerin yorum repertuarini genisletir ve 6grencilerin
¢ozlimlerini degerlendirmede daha basarih olmalarini saglar. HoSpesova ve Tichda’nin (2015)
calismalarinda oldugu gibi bu arastirmada da 6gretmenlerin problem hazirlamanin énemli fakat zor bir
siire¢ oldugu, kendi bilgilerini sorgulayabildikleri, bu problemlerin 6grenciler icin daha ilgi ¢ekici ve anlasilir
oldugu yéniinde bulgular elde edilmistir. Ozel olarak bu ¢alismada, geleneksel problemlerin &tesinde daha
once kendilerinin de karsilagsmadiklari tiirde bir problem hazirlamak 6gretmenleri oldukc¢a zorlamistir. Bu
alanda yapilan galismalarda katilimcilarin matematiksel modelleme problemi hazirlama siirecinde bu
¢alismada oldugu gibi birtakim zorluklar yasadiklari gérilmektedir (Borromeo Ferri, 2018; Deniz, 2014;
Tekin Dede & Bukova Guizel, 2013).

Problem hazirlama c¢alismalarinda genellikle arastirmacilarin istegi lzerine 6gretmenlerin bir
laboratuvar ortaminda bunu yaptiklari ortaya koyulmaktadir (Crespo, 2003; Klinshtern et al., 2015; Lavy
& Shriki, 2007). Dolayisiyla katilimcilar ¢calismaya her ne kadar gonilli katilmis olsalar da arastirmacilar
tarafindan hazirlanan uygun ortamlarda ve onlarin istekleri dogrultusunda problem hazirlarlar. Ancak
O0gretmenlere bu becerinin kazandirilmasi icin dncelikle 6gretmenlerin bunun matematik 6gretimi igin bir
gereklilik olduguna inanmalari saglanmalidir (Blum & Borromeo Ferri, 2009; HoSpesova & Tichd, 2015).
Matematiksel modellemenin uygulanmasinda 6gretmenlerin etkili bir 6gretim yapmasi bu tir problemler
hazirlama yeterligine sahip olmalariile dogrudan iliskilidir (Blum & Borromeo Ferri, 2009; Borromeo Ferri,
2018; Kula Unver et al., 2018). Nasil ki problem hazirlama aliskanhgi kazanmalari igin dncelikle bunun bir
ihtiyac olduguna ikna edilmeleri gerekiyorsa matematiksel modelleme problemlerinin siniflarda
uygulanabilmesiicin de 6gretmenlerin bunun etkili bir 6grenme araci olduguna inanmalari gerekmektedir.
Guc¢ (2015) de yaptigl calismada 6gretmen adaylarinin 6grenme siirecinde yasanan zorluklara ragmen
matematiksel modellemenin etkili bir 6gretim araci olduguna yonelik inanglarinin modelleme
yeterliklerinin gelismesinde etkili oldugu sonucuna varmistir. Dolayisiyla 6gretmenlerin ve 6gretmen
adaylarinin 6ncelikle matematiksel modellemenin matematik egitimindeki roli hakkinda bilgi sahibi
olmalarisaglanmalidir. Bunun i¢in matematiksel modelleme problemlerinin genel ve 6zel amaglari eksiksiz
bir sekilde anlatilmalidir. Bu ¢alisma kapsaminda 6gretmenlere matematiksel modelleme egitimi verilerek
ve egitimin bir pargasi olarak problem hazirlamalari istenerek 6gretmenlerin matematiksel modellemenin
matematik egitimindeki 6nemini, genel ve 6zel amaclarini anlamalarini saglamada 6nemli bir etkiye sahip
oldugu distntlmektedir. Elde edilen sonuglar alan yazinda vurgulandigi gibi (Borromeo Ferri, 2018; Niss
et al.,, 2007; Zbiek, 2016) matematiksel modellemenin basarili bir sekilde sinifa tasinmasinda
ogretmenlerin modellemeye bakis agisi ve 6gretme yeterliklerinin olduk¢a 6nemli faktorler oldugunu
gostermektedir.

Sonug ve Oneriler

Matematik 6gretmenlerinin matematiksel modelleme problemi hazirlama becerilerinin incelendigi bu
calismada literatiirti destekleyen sonuglarla birlikte 6zglin sonuglara da ulasiimistir. Problem hazirlamanin
genel olarak 6grenmenin bir pargasi oldugu ve bunun 6gretmenin sahip olmasi gereken bir yeterlik olmasi
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literatUrdeki calismalarla paralellik goésteren sonuglardandir. Matematiksel modelleme problemi
hazirlamanin zor bir siire¢ olmasi, 6zellikle gercek yagsam durumlarinin matematiksellestiriimesini anlama
ve bunu uygulamalarina yansitma noktasinda birtakim gugliukler yasanmasi yine bu tir arastirmalarda
karsilasilan ortak sonuglar arasindadir. Bu nedenle 6gretmenlere derslerinde matematiksel modellemeyi
uygulama yeterligi kazandirilmadan 6nce onlarin bireysel olarak modelleme konusunda deneyim sahibi
olmalari saglanmalidir.

Ogretmenlerin matematiksel modellemenin 6gretiminde sahip olmalari gereken yeterliklerden etkinlik
boyutu, teorik boyutun pratige donlstUraldigi asama olarak gorllebilir (Borromeo Ferri, 2018).
Ogretmenlerin matematiksel modelleme hakkinda edindikleri teorik bilgiler, benimsedikleri modelleme
perspektifleri uygulamalarina dogrudan yansitacaklari, uygulamalarini sekillendirecek etkiye sahiptir.
Bununla birlikte 6gretmenlerin matematiksel modelleme anlayislarini ortaya c¢ikaracak en etkili
yontemlerden biri onlardan problem hazirlamalarini istemektir. Arastirma sonuglari 6gretmenlerin teorik
olarak anlamlandiramadiklari, eksik ya da yanlis 6grendikleri 6zellikleri problem hazirlama sirecinde fark
ederek 6grenme eksikliklerini giderme cabasi gosterdiklerini ortaya koymustur. Ayrica 6gretmenler
matematiksel modelleme egitiminde problem hazirlamanin 6grenmeleri tizerinde dnemli bir etkiye sahip
oldugu kadar 6gretim yontemlerine de yon verecek deneyimler yasadiklarini belirtmislerdir. Matematiksel
modelleme problemi hazirlarken 6rnek ¢oézimler yapmalari 6grencilerin yasayacaklari muhtemel
zorluklara hazirlikli olmalari, bu zorluklarla karsilasiimamasi icin alinacak énlemler ya da karsilasildiginda
nasil mudahale edecekleri hakkinda 6ngori kazanmalarini saglamistir. Matematiksel modelleme
problemlerinin en 6nemli 6zelliklerinden biri farkli modellerin ortaya ¢ikmasina imkan saglamasidir. Bu
ozelligi nedeniyle sinifta uygulanmasi kolay olmayan bir problem ¢ézme yaklasimidir. Dolayisiyla
dgretmenlerin derse hazirlikli gitmesi etkili uygulamalar icin bir énkosuldur. Ogretmenin hazirladig
problemlere oOrnek ¢oziimler Uretmesi uygulama sirasinda karsilasacagl alternatif c¢ozimleri
degerlendirebilme kapasitesini genisletecegi diisiiniilmektedir. Ogretmenlerin matematiksel modelleme
problemi hazirlama becerisi ile uygulama yeterlikleri arasindaki iliski, bundan sonra yapilacak ¢alismalarda
incelenebilecek arastirma konularindan biri olabilir.

Yazar Katki Orani
Yazarlar, calismaya esit oranda katki sunmuslardir.
Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim kurallara
uyulmus ve ydnergenin ikinci bolimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
higbiri gerceklestirilmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢catismasi bulunmadigini beyan
etmektedirler.
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The aim of this study was to determine the effect of project approach-based education
on cognitive abilities and scientific process skills of six-years children. A pretest-posttest-
retention test control group quasi- experimental design was implemented in this study.
Two kindergartens were involved, determined by simple random sampling and with
similar features according to teacher and director views. In order to collect data, General
Information Form, Cognitive Ability Test Form-6 to identify children's cognitive abilities,
and Scientific Process Skills Test were utilized. At the end of this study, it was found that
the project approach-based education administered caused a significant difference in
cognitive ability and scientific process skills in favor of the experimental group of
children and had a middle effect size. The difference between the post-test and retain
test mean scores of the children in the experimental group were insignificant, and the
effect of the applied education continued.
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Arastirma Makalesi

Bu ¢alismanin amaci, proje yaklasimina dayali egitimin alti yas cocuklarin bilissel yetenek
ve bilimsel slreg becerilerine etkisini belirlemektir. Calismada, 6n test-son test-kalicilk
testi kontrol gruplu yari deneysel desen benimsenmistir. Calismaya 6gretmen ve
yonetici gorlslerine gore benzer ozellikte olan, basit tesadifi 6rnekleme yoluyla
belirlenen iki anaokulu dahil edilmistir. Calismada veri toplam araci olarak Genel Bilgi
Formu, cocuklarin biligsel yeteneklerini belirlemek amaciyla Bilissel Yetenek Testi Form-
6 ve Bilimsel Sureg Becerileri Testi kullaniimistir. Elde edilen verilerin analizinde bagimh
gruplar t-testi kullaniimistir. Arastirma sonucunda uygulanan proje yaklasimina dayal
egitimin deney grubu cocuklarin lehine bilissel yetenek ve bilimsel siire¢ becerileri
Gzerinde anlamli bir farkin oldugu, deney grubundaki gocuklarin son test ve kalicilik testi
puan ortalamalari arasinda farkliigin anlamh olmadigi ve uygulanan egitimin etkisinin
devam ettigi saptanmistir.

* Corresponding Author: uzunhalil@gmail.com


https://dergipark.org.tr/tr/pub/cuefd

Metin, Aral, Uzun & Karaca — Gukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 71-98

Introduction

Children have the opportunity to accumulate experiences and to identify high-level relationships
between a series of features in the world when they are active and play games (Smitsman & Corbetta,
2010). The more a child has the experience, the more abstraction and causal learning occur. In this regard,
existing knowledge guides developing a more profound interest in discoveries and science (Nayfeld,
Brenneman, & Gelman, 2011). Active in cognitive and physical respects, pre-school children are constantly
engaged in building theories in all fields of knowledge, such as music, art, mathematics, reading, language,
and science. Children create and construct information themselves when they are mentally active rather
than receiving the information conveyed to them (Chaille & Brittain, 1997).

The constructivist approach, emphasizing that children must construct information and opportunities
must be provided during information construction, focuses on how information is built. Considering each
child, a naturalist, the constructivist perspective provides children with opportunities for problem-solving
and self-experience (Piaget, 1952; Thomas 2000; Trepanier Street, 2000). Regarding the pre-school
period, educational programs based on a constructivist approach were emphasized following the 1990s
(Chambers, Cheung & Slavin, 2016), and the effects of this method based on inquiry were revealed in
studies (Camilli, Vargas, Ryan, & Barnett, 2009; Nelson, Westhues, & MaclLeod, 2003). The project
approach based education which is a child-centered approach based on constructivism and which
supports the development of preschool children, covers research based on questions arising from
children's natural curiosity, investigating events, objects, and situations deeply through meaningful
experiences, and enables learning to take place by interacting with the environment (Bell, 2010; Bryson,
1994; Capraro & Slough, 2009; Katz, 1994, Katz & Chard, 1999; Lee & Kinzie, 2012). The project approach-
based education is a child-centered learning method based on three constructivist principles. These
principles are as follows: “learning is specific to the context; children actively participate in the learning
process and achieve their goals through social interaction and sharing information and understanding
(Cocco, 2006). Being an interdisciplinary, child-centered, and developmental approach (Katz, 1994;
LeeKeenan & Edwards, 1992; Rosberg, 1995) and a method based on a constructivist approach, project-
based education focuses on children’s attention and effort and is defined to be a thorough examination
of actual subjects and providing children with the opportunity to solve and research contradictions in the
world which are related to real-life in an appropriate manner (Thomas, 2000).

The primary structural feature of the project-based approach is discussion, research, fieldwork, and
revealing the obtained information (Chambers et al., 2016). This approach is based on in-depth
investigation and direct observation and supports children's problem-solving, critical, and creative
thinking skills by enabling them to achieve information through many sources (Helle et al., 2006;
McDonell, 2007; Railback, 2002). Projects provide children with opportunities to identify problems,
develop solutions, design, present, inquire, examine, discover relationships, solve problems, analyze
obtained information, and share findings with their peers (Bell, 2010; Krauss & Boss, 2013; Thomas, 2000).
The project approach enables us to reveal new scientific subjects and to achieve concepts and principles
by integrating information rather than only teaching a subject. The project approach, allowing children to
discover scientific processes, not only provides children with thinking skills such as organizing and
classifying, problem-solving, and reasoning but also enables them to acquire skills and develop existing
skills (Eggers, 2007; Capraro & Slough, 2009; Doppelt 2003; New & Cochran, 2008; Newell, 2003; Thode,
1997).

Cognitive abilities, the basis of cognitive enhancement, involve all psychological changes and activities
related to acquiring, developing, and organizing knowledge (Oakley, 2004). The cognitive abilities cover
the followings: intelligence, perception, attention, remembering, reasoning, decision making, problem-
solving, visualization, and perceptual functions (Atkinson, Atkinson, Smith, Bem, & Nolen-Holeksema,
2008; Fourneret & Des Portes, 2016; Senemoglu, 2007). Reasoning, one of the most significant cognitive
abilities, is defined to be intellectualization, making new decisions by synthesizing information about
events, situations, or ideas, and making new inferences, thinking, generating new ideas, establishing cause
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and effect relationships (Garder, 1993; Pilten, 2008; Tepeli, 2012). The reasoning process consists of
verbal, nonverbal, and numerical reasoning abilities (Lohman & Hagen, 2003). Verbal reasoning uses
grammatical and syntactic structures in a language to reveal events in a series of sentences or
relationships between events (Demetriou, 2004). While nonverbal reasoning is the inference ability based
on the relationships between symbols/figures provided visually (Aiello, 2002; Lohman & Hagen, 2003),
numerical reasoning covers the ability to create mathematical predictions, develop and assess
mathematical discussions, and present mathematical information in various ways. The reasoning's verbal,
nonverbal and numerical aspects support each other (Demetriou, 2004, Pilten, 2008).

One of the skills supporting cognitive abilities (Cohen, 2013; Oakley, 2004), creating processes such as
individuals’ acquiring, developing, organizing information, and then organizing them in a complex and
higher structure, is scientific process skills. The scientific process skills are created in two stages. The first
stage involves basic scientific process skills, such as data collection, record-keeping, observation,
measurement, classification, and establishing time and space relations with numbers. On the other hand,
the second stage covers creating hypotheses, controlling variables, testing, developing models, and
achieving results (Charlesworth & Lind, 2012; Padilla, 1990; Tan & Temiz, 2003). In the preschool years,
children begin to acquire both cognitive abilities and basic abilities related to scientific process skills that
include these abilities. The project approach is a target-driven process involving inquiry, research,
structuring, and analyzing information. In this process, children engage in research, decision-making,
identifying, solving a problem, and discovery, design, and model establishment processes (Bereiter &
Scardamalia, 1999). The project approach provides children with habits of mind that can help them
interpret information and become lifelong learners and acquire knowledge and skills (Flemming, 2000;
Gordon, 1998; Katz & Chard, 2016). These habits of mind are reasoning, cognitive ability, and scientific
process skills. In pre-school education, instead of direct education aiming to convey only scientific facts,
the experiences allowing children to discover scientific processes and to have thinking skills such as
organizing and classifying, problem-solving, and reasoning (Eggers, 2007), must be used. Katz (1994) urges
that children are active in drawing, writing, reading, observing, record keeping, interviewing experts, and
field trips during project studies and can reveal information they collect via activities such as graphs,
figures, tables, drawings, and designs. Emphasizing problem-solving, higher-order thinking, and in-depth
understanding of concepts and principles (Brown & Campione, 1996; Fleming, 2000; Katz & Chard, 2000;
Scardamalia & Bereiter, 1991), the project approach is one of the educational approaches that can support
the reasoning, a cognitive ability and scientific process skills of children. Studies on the effect of the project
approach on supporting scientific process skills of children (Elizondo & Valencia, 2006; Helm & Gronloud,
2000; Helm & Katz, 2016; Nelson, 2017; Sahin, Gliven, & Yurdatapan, 2011; Turpin, 2000) concluded that
the project approach developed the scientific process skills.

Studies argue that the project approach effectively supports children's cognitive enhancement. The
following researchers revealed that the project approach supported the following areas: Metin and Aral
(2016) vision perception, Yildiz Bigakgi (2009), Dixon (2001) all areas of development, Rosberg (1995),
Guven et al., (2013), Metin (2015) concept development, Krauss and Boss (2013) mathematical skills, Oguz
(2012) problem-solving skills, Kefi (2011), Yilmaz et al., (2006) cognitive skills. Any study on the fact that
the project approach supports children's reasoning skills could not be found. However, there are similar
studies in which children are active, and inquiry-based applications support the reasoning skills of children
as it is in the project approach (Aiello, 2002; Cohn & Hazarika, 2001; de Chantal, Gagnon-St-Pierre, &
Markovits, 2019; Dejonckheere, De Wit, Van de Keere, & Vervaet, 2016; Dresden & Lee 2011; inal, 2011;
Kidd, Pasnak, Gadzichowski, Ferral-Like, & Gallington, 2008; Klauer, Willmes & Pyhme, 2002; Koyuncu &
Yabas, 2017; Starkey, Klein & Wakeley, 2004; Papic & Mulligan, 2005; Mulligan, Perescott, Papic &
Mitchelmore, 2006; Klauer et al., 2002; Van Schijndel, Singer, Van der Maas, & Raijmakers, 2010). The
literature suggests that the project approach supports children's reasoning and scientific process skills.
For this reason, it aims to determine the project approach's effect on children's reasoning and scientific
process skills. Accordingly, this study aims to determine whether the project approach affects reasoning
and scientific process skills, one of the cognitive abilities of preschool children at the age of six. This study
has two main research questions:
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1- Is the the project approach-based education prepared for children aged 6 (60-72 months) effective
in supporting children's cognitive abilities?

2- Is the the project approach-based education prepared for children aged 6 (60-72 months) effective
in supporting children's scientific process skills?

Method
Research Design

In this research, the pretest-posttest-retention test control group quasi-experimental design was used
to determine investigate the effect of project approach on the cognitive abilities and the scientific process
skills of six years old children. Quasi-experimental designs identify a control group that is as similar as
possible to the experimental group in terms of baseline (pre-intervention) characteristics. The control
group captures what would have been the outcomes if the program/policy had not been implemented
(i.e., the counterfactual). Hence, the program or policy can be said to have caused any difference in
outcomes between the experimental and control groups (White & Sabarwal, 2014).

Study Group

This study was carried out at independent kindergartens affiliated with the Ministry of National
Education in Gaziantep. Two kindergartens were selected randomly from 11 schools deemed to have
similar features in terms of socio-economic characteristics based on the views of teachers and directors,
showing a normal development and where the project-based education was not applied before. The
experimental and control groups were selected from different schools considering that children may be
indirectly affected by the project-based education, and one class from each of these schools was
determined by lot. A total of 40 children consisted in the study group, in which the experimental group
involved eight female and 12 male children with typical development, while the control group included
11 female and nine male children. An informed consent form received experimental and control group
participants’ parents’ consent. Therefore, research ethics were taken into consideration. Adherence to
the intervention protocol was ensured by the attendance list and followed by researchers. As two children
in the experimental group did not participate in the project activities for seven days, they were excluded
from the assessment process, and the assessment was made on 38 children.

Ethical principles and rules were followed in the research's planning, data collection, analysis and
reporting process. This research was ethically approved at the E-97105791-050.01.01-4516 of Hasan
Kalyoncu University Scientific Research and Publication Ethics Committee on 28-10 2021.

Data Collection Tools

The “General Information Form,” created by the researchers, was used to collect some information on
children and their families. To identify the cognitive abilities of children, the Cognitive Ability Test Form-
6, developed by Lohman and Hegan (2001) and of which validity and reliability studies were carried out
by inal (2010) for six years old Turkish children, and the Scientific Process Skills Test (SPST) developed by
Sahin, Yildirnnm, Siirmeli, & Guven (2018) were utilized. This study prepared and applied an educational
program based on the project approach.

The General Information Form involves a total of five questions regarding the age, gender of children
included in the study, age, education level, employment status of their parents and whether children
previously received pre-school education.

Cognitive Ability Test Form-6 (CATF-6) was developed by Lohman and Hegan (2001), and of which
validity and reliability studies were carried out by inal (2010) for six years old Turkish children. Scientific
Process Skills Test includes two batteries, Primary and Multi-Level Battery, designed for different age
groups. While the First Battery was designed for the children enrolled at preschools and primary school
1st and 2nd grades, the Multi-Level Battery was for the children from the primary school 3rd grade to the
end of secondary school. The test evaluates abilities, such as remembering knowledge, and organization,
distinguishing similarities, and differences, establishing relationships, drawing conclusions, understanding
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problem situations, identifying models, categorizing objects and events, and making inferences from rules
and principles (Lohman & Hagen, 2002). The test aims to assess children's verbal, numerical, and
nonverbal (spatial) reasoning abilities (Lohman, 2005; Lohman & Hagen, 2001,2003; Lohman & Lakin,
2007). It has three sub-dimensions: verbal dimension (vocabulary, verbal reasoning), numerical dimension
(relational concepts, quantitative concepts), and non-verbal dimension (shape classification, matrices).
Each sub-dimension of the test included 40 multiple-choice questions; there was a total of 120 questions.
There are multiple-choice picture answers for each item of all dimensions. In the test, each correct answer
is considered 1 score, and a score between 0-120 is obtained. The test lasts approximately 30-40 minutes
(Lohman & Hagen, 2002; Lohman & Lakin, 2007)

The validity and reliability studies of the original test were carried out on 45.265 children aged 61-72
months. The reliability coefficient for the whole test was calculated to be .94 on average. The reliability
coefficients of the sub-dimensions were as follows: .87 for verbal dimension, .90.5 for numerical
dimension, and .91.5 for nonverbal dimension (Lohman and Hagen, 2003). The test was administered by
inal (2010) to 380 children aged 61-72 months and enrolled at kindergartens of primary schools affiliated
with Afyonkarahisar Provincial Directorate for National Education. At the end of the study, the internal
consistency coefficient of the test was calculated, and the KR-20 value was found to be .76 for the Verbal
Dimension, .82 for the Numerical Dimension, .70 for the Non-Verbal Dimension, and .91 for the CAT Form-
6. Test-retest correlation was calculated to be r= 89.5 for the Verbal Dimension, r= 98.9 for the Numerical
Dimension, r= 96.8 for the Non-Verbal Dimension, and r= 98.4 for Cognitive Abilities Test Form-6 (inal,
2010; inal and Omeroglu, 2011).

Scientific Process Skills Test (SPST) was developed by Sahin, Yildirim, Strmeli and Gliven (2018). The
test involves 16 items, 12 of which are multiple-choice and 3 of which are open-ended, and 1 of which is
a question based on performance. The scale was developed based on the data obtained from 180 children
enrolled at four different kindergartens in istanbul in the 2015-2016 school year. Both KR-20 and the
alpha value of SPST were found to be 0.683. The average difficulty of the 16 items was approximately
0.70, and the average discrimination was specified to be about 0.44. The test is administrated individually
and takes approximately 8-10 minutes. The test's scoring was as follows: 1 score for correct answers in
multiple-choice test items while 0 score for incorrect and blank answers, and 1 for correct and 0 for wrong
answers in open-ended items and performance questions (Sahin et al., 2018).

Processes

The Project Based Education Program has been prepared to support the cognitive abilities and scientific
process skills of children aged 6 (60-72 months) attending pre-school education, as well as all their
development. The education program based on the project approach has been prepared as an integrated
program with the Ministry of National Education's Pre-School Education Program for 36-72 Months-old
Children. While creating the educational processes, the learning outcomes and indicators in the preschool
education program and the stages of the project approach were considered. Materials to support the
education process were prepared in the learning centers, and corrections and additions were made. The
planning-starting, implementation, and finalizing-evaluation stages of the education based on the project
approach are included. After the subject was determined, the researchers created a concept map.
Considering the topics in the concept map and the project stages, a 50-day training period of 10 weeks
and five days a week was planned. Daily activity durations varied between 60-90 minutes, depending on
the type of activity.

Stage 1: Planning-starting: The researchers determined the subject of the project in the first stage of
the project. Katz and Chard (2000) state that the project subject should be chosen as the subject the
children have experienced, known, and meaningful to them. In addition, the subject to be chosen should
allow the child to have features that he can observe, experience, participate with interest, provide
observation, and research, and enable children to use different methods and techniques (Bullard and
Bullock 2002; Katz and Chard 1992, 1998, 2000, 2005; Souto and Lee 2009). For this reason, it has been
decided to carry out the Shoe Project, as the subject of the project is the development of the handmade
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and fabricated shoe industry in Gaziantep, a subject that children have experienced before, and there are
extensive research, observations, and examinations.

After the subject was determined, in order to reveal the preliminary information that the children had
at the planning and starting stage of the education based on the project approach, it started with the
drawings of the shoes they would make at home and the examination and observation of a shoe store
with their families at the weekend. During this one-week phase, children's preliminary knowledge and
curiosity were revealed, a concept map was created with the children, research questions were
determined, and the research process to find answers to these questions was planned.

The second phase of the project, the implementation phase, lasted eight weeks. At this stage, field
trips (shoe shop, shoe factory, traditional shoe manufacturer, shoe repairer) specified in the planning
phase were made, and a physiotherapist was invited to get information about foot health. As with other
research resources, children have examined the shoe people wear in their homes or surroundings, and
the internet and shoe catalogs have been used. At this stage, children were allowed to reflect on research,
observation, and the knowledge they obtained through games, art, music, and stories.

Activity 9 Different Stories: The researcher told the children the story “How the First Shoes were
Made?” using a power point (Picture 1).

Afterward, the children talked about why people produce different shoes, and different shoes were
examined, and there was a discussion about where and why these shoes were worn and why people wore
shoes in different places and times.

How were the first shoes made?

Picture 1. How Were the First Shoes Made? Story

Later, each child chose a picture of a shoe he wanted, and the children were divided into groups. It
has been said that people who wear different shoes in groups come together. He then asked the groups,
“Who are these people, why did they come together, what do you think these people are doing? These
people came together for a significant event.” They were asked to discuss among themselves, and the
groups were asked to tell the story of these people and draw this story. After the whole group created
and drew the story, they hung the drawing of the story on the wall and told it to their friends (Picture 2).

Picture 2. Different Shoes and Different People
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Activity 14. What will your shoes be like? A field trip was made to a shoe factory, and information was
obtained about how the shoes were manufactured there. The children watched with interest how the
shoes were designed on the computer, how they were drawn, and how this drawn design was converted
into patterns. After they came to school, the children were chatted and asked how they would like their
shoes to be and how they would do it if they made a different and different shoe. The children were first
asked to draw the design of the shoes they wanted (Picture 2). Then they made the shoes they designed
using the leftover material they wanted.

Picture 3. Drawing of the Shoe Design Picture 4. Construction of the Drawn Shoe

At the finalization stage of the project, children were prepared for four days to present the information
they obtained. In this preparation process, they classified their works (such as drawings, artworks, and
photographs), organized a fashion show by wearing the shoes designed, and made an exhibition and
presentation with the photographs taken during the project for their friends at school their parents.

Data Collection Procedure

After the study group was determined, required permissions were received from the families of the
children in the experimental and control group, and families filled out personal information forms. The
families of the children in the experimental group were met, a seminar was held on project-based
education, and information was provided about family participation in the project.

CATF-6 and SPST were administered to the children in the experimental and control groups as pre-test
by the researchers between 5-8 February 2018. The classroom teacher and the researcher carried out the
administration participated in the classroom activities together prior to the pre-test and made some
organizations at learning centers. The first researcher implemented the Project-Based Education Program
between 12 February — 20 April 2018 for ten weeks and five days a week (50 days) in durations changing
between 60-90 minutes a day while the control group continued its regular education program. The post-
tests were performed between 25-30 April following the administration. In order to determine whether
the Project-Based Education was permanent, tests were made again on the children in the experimental
group between 4-8 June, five weeks following the application of the posttests.

Data Analysis

The Shapiro-Wilk test analyzed whether the obtained data showed a normal distribution. Many tests
measure the normality assumption. The Shapiro-Wilk test is one of the most vital tests for measuring
normal distribution (Razali & Wah, 2013). In addition, the Shapiro-Wilk test is one of the normality tests
preferred mostly when the sample size is less than 50 (Blyukoztiirk, 2008). Analyses were carried out by
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SPSS (Statistical Package for Social Sciences) statistic program. The analysis requires equal slopes of
regression lines in which normality, which is the basic assumption of all t-test models, and the pretest
scores of the groups are considered as the predictor while the post-test scores are regarded to be the
dependent variable (Blylkoztirk 2013). In this respect, normality test results of pretest, posttest, and
retention test scores obtained from the groups by CATF-6 and its sub-dimensions and SPST are provided

in Table 1.
Table 1.

Shapiro Wilk Test Results of the Children in the Experimental and Control Groups regarding CATF-6 And

Its Sub-Dimensions and SPST

Normality Test

Sub- Pre-test Post-test Retention test
Dimensions  Group
S-Wilk df P S-Wilk df p S-Wilk df P
and Scales

Vocabulary Experimental .960 18 .605 .845 18 117 .928 18 179

Control .898 18 .154 .850 18 118 - - -
Verbal Experimental 911 18 191 .928 18 .180 913 18 .099
Reasoning

Control .904 18 .168 .969 18 .788 - - -
Relational Experimental .895 18 .147 .968 18 .759 .950 18 422
Concepts

Control .855 18 110 .897 18 .150 - - -
Quantitative Experimental .894 18 .145 .962 18 .646 .934 18 224
Concepts

Control .948 18 .399 917 18 113 - - -
Shape Experimental .949 18 404 .920 18 132 961 18 .621
Classification Control 919 18 122 .768 18 111 - - -
Matrices Experimental .945 18 .353 .938 18 .263 922 18 141

Control .904 18 167 732 18 .100 - - -
Total Experimental .960 18 .605 .954 18 .488 .987 18 151
CATF -6 Control .898 18 .154 .963 18 .657 - - -
SPST Experimental .943 18 .332 .963 18 .657 .897 18 .057

Control .979 18 .937 .954 18 488 - - -

When examining the Shapiro Wilk test results of the children in the experimental and control groups
regarding the pre-test, post-test, and retention test scores of the experimental group of CATF-6 and its
sub-dimensions and SPST, pre-test, post-test, and retention test scores were found to have a normal
distribution (p>0,05). In this respect, to determine whether there was a difference between the pretest,
posttest and posttest retention test in the analysis of the data obtained from the research, paired sample
t-test was administered.

Results

This study was carried out to examine the effect of the project approach based on education on the
cognitive abilities and the scientific process skills of the children aged six years old (60-72 months), the
analysis results of pretest, posttest, and retention test scores obtained from CATF-6 and SPST are provided
below in tables.
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Table 2.
t-test Results for Dependent Groups of the Pretest and Posttest Scores of the Children in the
Experimental and Control Groups Regarding CATF -6 and Its Sub-Dimensions and SPST

Groups Group/ n X sd df t P
Measurement

CATF-6 Vocabulary Experimental Pretest 18 .6528 .06057 37 -18.867 .000
Posttest .8833 .04851

Control Pretest 20 .5050 .07592 19 -1657 114
Posttest 4625 .08717

Verbal Experimental Pretest - 18 .4583 .06697 37 -17.631 .000
Reasoning Posttest .7250 .10037

Control Pretest 20 .4525 .07860 19 1.636 118
Posttest 4275 .08188

Relational Experimental Pretest 18 .4389 .07584 37  -17.142 .000
Concepts Posttest .8056 .08205

Control Pretest 20 .6200 .11050 19 1.291 212
Posttest .6215 .10859

Quantitative  Experimental Pretest 18  .4222 .08613 37 -16.135 .000
Concepts Posttest .7667 .10981

Control Pretest 20 .6400 .12937 19 -1.831 .083
Posttest .6325 .09216

Shape Experimental Pretest 18 .4333 .10146 37 -19.864  .000
Classificatio Posttest .7833 .10981

n Control Pretest 20 .4680 .08043 19 .243 .810
Posttest 4753 .74515

Matrices Experimental Pretest 18 .4139 .07237 37 -20.477 .000
Posttest .7861 .07823

Control Pretest 20 .6350 .07844 19 -1.004 .328
Posttest .6325 .07779

Total Experimental Pretest 18 .4699 .04715 37 -47.027 .000
Posttest .7917 .04344

Control Pretest 20 .14896 .05460 19 -1657 114
Posttest .15051 .06872

SPST Experimental Pretest 18 .4236 .14309 17  -6.552 .000
Posttest .7257 .10532

Control Pretest 20 .3813 .08579 19 -9.790 .159
Posttest .5313 .08376

When examining Table 2, it was determined as a result of the paired samples t-test analysis that there
was a significant difference between pretest and posttest scores of the experimental group regarding
CATF -6 total and its sub-dimensions of vocabulary, verbal reasoning, relational concepts, quantitative
concepts, shape classification and matrices (p<0.05). When considering mean and standard deviation
values, this difference was found to favor the experimental group's posttest scores. It was seen that the
cognitive skills of the children in the experimental group, who were administrated the project-based
education program and determined according to BYTF-6, were related to the education they received and
were higher than the children in the control group who did not receive that education. What is more,
when examining the scores received by the children in the experimental group in the cognitive process
abilities test, it was determined that there was a significant difference between the pretest and posttest
scores of the experimental group according to the calculated t value as a result of the paired-samples t-
test (p<0.05). Regarding SPST of the children in the control group, it was found that there was no
significant difference between the pretest and post-test scores of the control group regarding their
cognitive process abilities according to the calculated t value as a result of the paired-samples t-test
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(p<0.05) When the mean and standard deviation values were examined, it was determined that the post-
test scores of the experimental group had a positive effect.

Table 3.

The Paired Samples t-test Results of the Children in the Experimental Group regarding Posttest and
Retention Test Scores of CATF -6 and Its Sub-Dimensions and SPTS

Group/Measurement n X sd df t | P
CATF-6  Vocabulary Posttest 18 .8833 .04851 17 2.051 .056
Retention test .8417 .08445
Verbal Reasoning Posttest 18 .7250 .10037 17 -1.826 .085
Retention test .7556 .07048
Relational Posttest 18 .8056 .08205 17  -399 .695
Concepts Retention test 8111 .06764
Quantitative Posttest 18 .7667 .10981 17 .893 .384
Concepts Retention test .7528 .09310
Shape Classification Posttest 18 .7833 .10981 17 .972 .345
Retention test .7667 .08044
Matrices Posttest 18 .7861 .07823 17 922 .369
Retention test .7694 .07696
Total Posttest 18 .7917 .04344 17 1.303 .210
Retention test .7829 .04196
SPST Posttest 18 .7257 .10532 17 -.960 .350
Retention test 7431 .09067

When examining the scores received by the children in the experimental group from CATF -6 total and
its sub-dimensions, it was determined as a result of the paired samples t-test analysis that there was no
significant difference between pretest and posttest scores of the experimental group regarding CATF-6
total and its sub-dimensions of Vocabulary, verbal reasoning, relational concepts, quantitative concepts,
shape classification, and matrices and SPST (p<0.05). It can be suggested upon these results that the effect
of the project-based education was ongoing.

Discussion & Conclusion

Children develop cognitive abilities naturally during normal daily activities and searching for the world
inside and outside their classrooms. These abilities may become more effective with a rich learning
environment encouraging children to discover the world around them and developing problem-solving in
an authentic environment rather than artificial problem-solving or testing techniques that involve direct
teaching offered by adults (Kidd et al., 2008). The project approach-based education is a cognitive and
physical learning approach subjecting to real-life topics and research and inquiry-based applications
carried out in real-life or similar conditions. Project-based education aims to enable children to think
about their world, comprehend concepts and principles, and develop existing abilities rather than learn
facts. (Capraro & Slough, 2009; Demirel, 2003; Katz & Chard, 2000; Newell, 2003; Thode, 1997). The
learning goals of this approach were suggested to be knowledge, skills, disposition, and emotions by Katz
and Chard (1998), and they argued that these learning purposes address each education level. It is
observed that the verbal, non-verbal, and numerical dimensions of the reasoning skill involve many skills,
such as establishing relationships between events, solving problems faced, and using the obtained
knowledge and experiences in new situations (Solso, Maclin, & Maclin, 2009) are supported by the
project-based education administrated in this study. The situations stated in the literature regarding the
contribution of project-based education to the development of children were tested with this study. It
was seen that education based on the project approach significantly impacted children's scientific thinking
and reasoning skills.

Many studies have emphasized that the project approach-based education contributed positively to
the cognitive abilities of children (Alacapinar, 2008; Aral, Kandir, Ayhan, & Yasir, 2010; Bicakcl & Gursoy,
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2010; Boaler, 1997; Brown & Campione, 1996; Chard, 1999; Habok, 2015; Katz & Chard, 2016; Ljung-Djarf,
Magnusson & Peterson, 2014; Panasan & Nuangchalerm, 2010; Thomas, 2000). The contribution of
project-based education to children's cognitive skills has been revealed. There are studies examining the
effect of problem-based learning on reasoning skills, one of the cognitive abilities (Baker, 2007; Dunlap,
2005; Kolodner, Camp, Crismond, Fasse, Gray, Holbrook.... & Ryan, 2003; VanLeit, 1995). However, there
are no studies on the effects of the project-based education approach. As it is in the project approach-
based education, child-centered and inquiry-based programs are observed to support the reasoning skills
of children (Aiello, 2002; de Chantal et al., 2019; Cohn ve Hazarika, 2001; De Dejonckheere, De Wit, Van
de Keere & Vervaet, 2016; inal, 2011; Kidd, Pasnak, Gadzichowski, Ferral-Like, & Gallington, 2008; Klauer,
Willmes and Pyhme, 2002; Koyuncu & Yabas, 2017; Starkey, Klein and Wakeley, 2004; Papic and Mulligan,
2005 Mulligan, Perescott, Papic and Mitchelmore, 2006; Klauer et al., (2002) Van Schijndel, Singer, Van
der Maas and Raijmakers, 2010).

Another significant result obtained in the study is that the project approach-based education supports
the scientific process skills of children. The primary characteristics of a scientist are observation, making
a hypothesis, thinking about what would happen in different situations, testing hypotheses, proving
evidence, and making inferences. The project approach-based education provides children with these
actions by a scientist (Krauss & Boss, 2013). Children and scientists achieve science by observing and
performing, seeking information, and attempting to solve problems enriching themselves and their
societies (Laffey, Tupper, Musser & Wedman, 1998). Projects contribute to the scientific thinking skills of
children by enabling them to ask questions, solve unknown issues, and raise awareness about virtual
objects and events around them (Katz & Chard, 2000, Lickey & Powers, 2011). Dynamic processes specific
to applications based on the project approach cover developing self-questions on the subject under
investigation, making predictions about possible answers, testing hypotheses, discussing findings, and
allocating time for solving problems through trial and error (Clark, 2006). With the shoe project
administered, children determined research questions and had the opportunity to conduct research,
inquiry, and observation to reach research sources. They presented the information they obtained using
games, art, drawing, story, and graphic creation. It was identified that the scientific process skills of
children developed.

The conclusions of this study have revealed that the project approach-based education has supported
the scientific process skills of children aged six years old. Similarly, Katz (2010), who applied project
approach-based education for preschool children, has indicated that the project approach can encourage
children to use basic scientific process skills and thus give science education. This effect is also provided
in the studies in which the project approach has been administrated in supporting the scientific process
skills of children (Beneke & Ostrosky, 2009; Cowan, 2015; Gallick & Lee, 2009; Gultekin, 2005; Helm &
Gronlund, 2000; Helm & Katz, 2016; Katz, 1999; 2010; Kefi, 2017; Nelson, 2017; Ra 2009; Sahin, Glven &
Yurdatapan, 2011; Sahin, Glven & Yurdatapan, 2011). Considering the literature, it has been revealed by
the results of this study that education based on the project approach effectively supports children's
cognitive abilities and scientific process skills.

This study is limited to children in the pre-school period, six years old, who have intermediate socio-
economic conditions. The researchers determined the project subject because the study group had no
project experience. Children's participation in the subject selection will make the approach more
effective.

This study has revealed that the project approach-based education has contributed positively to
preschool children's reasoning and scientific process skills. Based on the results mentioned above, it is
considered that the inquiry-based project approach can be integrated with the preschool education
program. Preschool teachers must integrate project-based educational practices with the preschool
program in their classrooms.

Educators may use the project approach-based education in supporting the reasoning from the
cognitive abilities and the scientific process skills as well as all development areas of the pre-school
children, who are mentally and physically active, researchers and using their experiences in the
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construction of knowledge. It has been indicated that the project approach, providing the preschool
children, who are learning by doing, with learning responsibility and experience, may be integrated with
the preschool education program. It is considered that studies should be carried out to implement this
approach during the whole education duration and as a part of preschool education instead of applying
only for a project and at a particular time, and it will be effective when integrated by teachers with their
education programs. In the project approach, the teacher becomes a guide, and the learner is active. This
approach's effectiveness will increase when the teachers, who will administer this approach, are trained
in the project approach's fundamental philosophy and implementation stages.
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Tiirkge Siirimui

Giris

Cocuklar aktif olarak katildiklari etkinliklerde ve oyunda deneyimler biriktirmekte ve diinyadaki bir dizi
ozellikler arasindaki Gst dizey iliskileri saptama firsati elde etmektedir (Smitsman & Corbetta, 2010).
Cocuklarin deneyimleri arttikca 6grenmeleri de artmaktadir. Cocuklarin gecmiste edindigi bilgiler yeni
bilginin yapilanmasina olanak tanimakta ve ¢ocugun yeni kesifler yapabilmesi icin daha fazla ve daha derin
ilgi gelistiriimesine rehberlik etmektedir (Nayfeld, Brenneman & Gelman, 2011). Zihinsel ve fiziksel olarak
aktif olan okul 6ncesi donem gocuklari sirekli olarak mizik, sanat, matematik, okuma, dil ve fen gibi
bilginin tiim alanlarinda teoriler insa etmekle mesgul olmaktadir. Cocuklar onlara aktarilan bilgiyi
almaktan daha c¢ok, zihinsel olarak aktif olduklari durumlarda bilgiyi kendileri olusturmakta ve
yapilandirmaktadir (Chaille & Brittain, 1997). Bilissel yetenekler ¢ocuklarin normal glinlik aktiviteleri ve
sinif ici ve disindaki diinyayi arastirirken dogal olarak gelistirdikleri yeteneklerdir. Bu yetenekler yetiskinler
tarafindan sunulan dogrudan 6gretimi iceren yapay problem ¢ézme veya yapilandiriimis tekniklerinden
ziyade, ¢ocuklarin gevrelerindeki diinyaya yonelik sorusturmayi tesvik eden, otantik ve zengin bir 6grenme
ortami ile gelismektedir (Kidd vd., 2008).

Cocuklarin bilgiyi yapilandirmalari gerektigini ve bilgiyi yapilandirma siirecinde firsatlarin sunulmasini
vurgulayan yapilandirmaci yaklagim, bilginin nasil insa edildigine odaklanmaktadir. Cocuklar birer doga
bilimci olarak goéren yapilandirmaci bakis agisi, onlara problem ¢ézme ve kendi kendilerine deneyimleme
firsatlari sunmaktadir (Piaget, 1952; Thomas 2000; Trepanier Street, 2000). 1990 yillarindan sonra okul
oncesi donemde yapilandirmaci yaklasima dayal egitim programlari Gzerinde durulmus (Chambers,
Cheung & Slavin, 2016) ve calismalarla sorgulamaya dayali bu yéntemin etkileri ortaya konulmustur
(Camilli, Vargas, Ryan & Barnett, 2009; Nelson, Westhues & MacLeod, 2003). Yapilandirmaciliga dayanan,
¢ocuk merkezli bir yaklasim olan ve gocuklarin tiim gelisimini destekleyen proje yaklasim, cocuklarin dogal
meraklarindan dogan sorulardan yola ¢ikmaktadir. Proje yaklasimi arastirmayi iceren, anlamli yasantilar
yoluyla olay, nesne ve durumlari derinlemesine inceleyen ve cevre ile etkilesim yoluyla 6grenmenin
gerceklesmesini saglayan bir yaklasimdir (Bell, 2010; Bryson, 1994; Capraro & Slough, 2009; Katz, 1994,
Katz & Chard, 1999; Lee & Kinzie, 2012). Proje yaklasimina dayali 6grenme, Ug¢ yapilandirmaci ilkeye
dayanan ¢ocuk merkezli bir 6gretim yontemidir. Bunlar; “6grenme baglama 6zgudir”, “cocuklar 6grenme
siirecine aktif olarak katilirlar” ve “hedeflerine bilgiyi sosyal etkilesim yoluyla paylasarak ulasirlar” olarak
siralanmaktadir (Cocco, 2006). Disiplinler arasi ¢ocuk merkezli, gelisimsel (Katz, 1994; LeeKeenan &
Edwards, 1992; Rosberg, 1995) ve yapilandirmaci yaklasima dayali yontemlerden biri olan proje yaklasimi
gercek yasam konularinin derinlemesine incelenmesi olarak tanimlanmakta ve diinya ikilemlerini ¢6zme
veya arastirmayi temsil etmektedir (Thomas, 2000).

Proje yaklasiminin yapisal temel 6zelligi; tartisma, arastirma, alan g¢alismasi ve elde edilen bilgilerin
ortaya konmasidir (Chambers vd. 2016). Bu yaklasim, derinlemesine arastirma ve dogrudan gozlemlere
dayalidir. Birgok kaynaktan bilgiye ulasmaya imkan taniyarak g¢ocuklarin problem ¢ézme, elestirel ve
yaratici disinme becerilerini desteklemektedir (Helle vd. 2006; McDonell, 2007; Railback, 2002). Projeler;
cocuklara problemleri tanimlama, ¢6ziim gelistirme, tasarlama ve sunma, sorgulama, inceleme, iliskileri
kesfetme ve problem ¢dzme, elde ettigi bilgileri analiz etme ve bulgulari akranlariyla paylasmalari igin
firsatlar sunmaktadir (Bell, 2010; Krauss & Boss, 2013; Thomas, 2000). Proje yaklasimi, belli bir konunun
o6gretilmesinden o6te, bilgileri biitlinlestirerek yeni bilimsel konulari ortaya ¢ikarmayi, kavram ve ilkelere
ulasmayi saglamaktadir. Cocuklarin bilimsel stiregleri kesfetmelerine olanak saglayan bu yaklasim; onlarin
organize etme, siniflandirma, problem ¢6zme, muhakeme gibi diislinme becerilerinin yaninda, onlara var
olan becerilerini gelistirme firsati da sunmaktadir (Eggers, 2007; Capraro & Slough, 2009; Doppelt 2003;
New & Cochran, 2008; Newell, 2003; Thode, 1997).

Cocuklarin bilissel gelisiminin desteklenmesinde proje yaklasiminin etkili oldugunu ortaya koyan
calismalar bulunmaktadir: Metin ve Aral (2016), proje yaklasiminin gorsel algiyi; Yildiz Bicakgi (2009) ve
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Dixon (2001) tiim gelisim alanlarini; Rosberg (1995), Giiven vd. (2013) ve Metin (2015) kavram gelisimini;
Krauss ve Boss (2013) matematik becerilerini; Oguz (2012) problem ¢ézme becerilerini; Kefi (2011) ve
Yilmaz vd. (2006) bilissel becerilerini destekledigini ortaya koymustur. Cocuklarin muhakeme becerilerini
desteklemek amaciyla proje yaklasiminin kullanildigi dogrudan bir ¢alisma olmamasina ragmen, proje
yaklasiminda oldugu gibi cocuklarin aktif katildigi ve sorgulamaya dayali uygulamalarin gocuklarin
muhakeme becerisini destekledigini ortaya koyan benzer galismalar yapilmistir (Aiello, 2002; Cohn &
Hazarika, 2001; de Chantal, Gagnon-St-Pierre & Markovits, 2019; Dejonckheere, De Wit, Van de Keere &
Vervaet, 2016; Dresden & Lee 2011; inal, 2011; Kidd, Pasnak, Gadzichowski, Ferral-Like, & Gallington,
2008; Klauer, Willmes & Pyhme, 2002; Koyuncu & Yabas, 2017; Starkey, Klein ve Wakeley, 2004; Papic ve
Mulligan, 2005; Mulligan, Perescott, Papic & Mitchelmore, 2006;. Klauer vd., 2002; Van Schijndel, Singer,
Van der Maas & Raijmakers, 2010).

Bilissel gelisimin temelini olusturan bilissel yetenekler; bilginin kazanilmasi, gelistiriimesi ve organize
edilmesini kapsayan tim psikolojik degisimleri ve etkinlikleri icermektedir (Oakley, 2004). Bu yetenekler;
zeka, algilama, dikkat, hatirlama, muhakeme, karar alma, problem ¢6zme, gorsellestirme ve algisal islevler
gibi yetenekleri icermektedir (Atkinson, Atkinson, Smith, Bem & Nolen-Holeksema, 2008; Fourneret & Des
Portes, 2016; Senemoglu, 2007). En 6nemli bilissel yeteneklerden biri olan akil yiritme/muhakeme;
olaylar, durumlar veya fikirlerle ilgili bilgiyi sentezleme yoluyla yeni kararlar alma, sonuglar gcikarma, fikirler
tretme ve neden sonug iliskisi kurma olarak tanimlanmaktadir (Garder, 1993; Pilten, 2008; Tepeli, 2012).
Muhakeme siireci; sdozel muhakeme, s6zel olmayan muhakeme ve sayisal muhakeme becerilerinden
(Lohman & Hagen, 2003) olusmaktadir: S6zel muhakeme, bir dizi cimlede belirtilen durumlar ya da olaylar
arasindaki iliskileri ortaya cikarmak icin dilin dil bilgisel ve s6z dizimsel yapilarinin kullaniimasidir
(Demetriou, 2004). Sozel olmayan muhakeme, gérsel olarak verilen semboller/figlrler arasindaki iliskilere
bagli olarak sonug ¢ikarabilme yetenegidir (Aiello, 2002; Lohman & Hagen, 2003). Sayisal muhakeme ise
matematiksel olarak tahminler olusturma, tartismalar gelistirme ve degerlendirme ve matematiksel
bilgileri gesitli sekilde sunma becerilerini icermektedir. Muhakemenin sézel, sayisal ve s6zel olmayan
boyutlari birbirini desteklemektedir (Demetriou, 2004; Pilten, 2008).

Bireylerin bilgiyi edinmesi, gelistirmesi, organize etmesi, karmasik ve daha yliksek yapida orgiitlemesi
gibi surecleri iceren bilissel yetenekleri (Oakley 2004; Cohen 2013) destekleyen becerilerden birisi de
bilimsel siire¢ becerileridir. Bilimsel slire¢ becerileri iki asamada gergeklesmektedir: Birinci asama; veri
toplama, kayit tutma, gézlem yapma, 6lgme, siniflandirma, sayilarla zaman ve uzay iliskisi kurma gibi temel
bilimsel siire¢ becerilerini icermektedir. ikinci asama ise; denenceler kurma, degiskenleri kontrol etme,
deneme, modellerin gelistiriimesi ve sonuglara ulasmayi iceren deneysel siireg becerileridir (Charlesworth
& Lind, 2012; Padilla, 1990; Tan & Temiz, 2003). Okul 6ncesi yillar, ¢ocuklarin hem bilissel hem de bu
becerileri kapsayan bilimsel siire¢ becerilerine yonelik temel becerileri kazanmaya basladiklari yillardir.
Proje yaklasimi; sorusturma, arastirma, bilgiyi yapilandirma ve ¢éziimlemeyi iceren, hedefe yonelik bir
siregtir. Bu silrecte gocuklar arastirma, karar verme, problemi tanimlama ve ¢ézme, kesif, tasarim ve
model olusturma siregleri ile mesgul olmaktadir (Bereiter & Scardamalia, 1999). Proje yaklasimi,
cocuklara bilgi ve beceri kazandirmanin yaninda bilgiyi yorumlama ve hayat boyu 6grenen olmalarina
yardimci olabilecek zihin aliskanliklari kazandirmaktadir (Flemming, 2000; Gordon, 1998; Katz & Chard,
2016). Bilissel yetenek olan muhakeme ve bilimsel siire¢ becerileri 6nemli zihin aliskanhklari olarak
goriilmektedir.

Okul oncesi donemde sadece bilimsel gerceklerin aktarilmasini iceren dogrudan 6gretim yerine,
cocuklarin bilimsel sirecgleri kesfetmelerine imkan taniyan, organize etme ve siniflandirma, problem
¢6zme, muhakeme gibi diisinme becerilerini iceren yasantilarin sunulmasi gerekmektedir (Eggers, 2007).
Katz (1994), proje calismalarina katilan ¢ocuklarin gizim, yazma, okuma, gézlem, kayit tutma, uzmanlarla
gorisme ve alan gezileri gibi slireclerde aktif olduklarini ve bu slirecte topladiklari bilgiyi grafikler, semalar,
tablolar, cizimler, tasarimlar gibi etkinlikler yoluyla ortaya koyduklarini ifade etmektedir. Problem
cozmeyi, Uist diizey dislinmeyi ve kavram ve ilkeleri derinlemesine anlamayi vurgulayan proje yaklasimi
(Brown & Campione, 1996; Fleming, 2000; Katz & Chard, 2000; Scardamalia & Bereiter, 1991), cocuklarin
muhakeme, bilissel yetenek ve bilimsel siire¢ becerilerini destekleyebilecek egitim yaklasimlarindan
biridir. Yapilan ¢alismalar ¢ocuklarin bilimsel siire¢ becerilerini desteklemede proje yaklasiminin etkili
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oldugunu (Helm & Gronloud 2000; Nelson 2017, Elizondo & Valencia, 2006; Helm & Katz, 2016; Sahin,
Gliven & Yurdatapan, 2011; Turpin, 2000) ortaya koymustur. Alanyazininda proje yaklasiminin ¢ocuklarin
muhakeme becerilerini desteklemeye yonelik ¢caligmalarin yetersiz oldugu tespit edilmis ve bu ¢alisma ile
alana katki saglanmasi distiniilmastir. Ayrica bilimsel siireg becerilerine proje yaklasiminin etkisinin farkli
bir grupta ortaya konmasi planlanmistir. Bu dogrultuda bu ¢alismanin amaci, proje yaklasiminin alti
yasindaki ¢ocuklarin bilissel yeteneklerinden biri olan muhakeme ve bilimsel siire¢ becerileri izerinde
herhangi bir etkisinin olup olmadigini belirlemektir. Bu c¢alismanin temel iki arastirma sorusu
bulunmaktadir:

1- 6yas(60-72 ay) ¢ocuklar igin hazirlanan proje yaklasimina dayal egitim programi, cocuklarin
bilissel yeteneklerini desteklemekte etkili midir?

2- 6yas (60-72 ay) ¢ocuklar icin hazirlanan proje yaklasimina dayal egitim programi, cocuklarin
bilimsel siire¢ becerilerini desteklemekte etkili midir?

Yontem
Arastirmanin Deseni

Bu arastirmada, proje yaklasiminin alti yas ¢ocuklarinin biligsel becerilerine ve bilimsel slreg
becerilerine etkisini belirlemek icin 6n test-son test-kalicilik testi kontrol gruplu yari deneysel desen
kullaniimistir. Yari deneysel desenlerde, temel oOzellikleri agisindan (midahale 6ncesi) deney grubuna
mumkin oldugunca benzeyen bir kontrol grubu belirlenmektedir. Kontrol grubu, program/politika
uygulanmasaydi sonuglarin ne olacagini belirlemeyi test etmeye yarayan gruptur. Bu tasarimla programin
veya politikanin deney ve kontrol gruplari arasinda herhangi bir ¢ikti farkhligina neden olup olmadigl
soylenebilir (White & Sabarwal, 2014).

Calisma Grubu

Arastirma, Gaziantep il merkezinde Milli Egitim Bakanhgina bagh 11 anaokulu arasindan tesadufi
orneklem yoéntemi ile iki bagimsiz anaokulu belirlenmistir. Ogretmen ve vyéneticilerin goérisleri
dogrultusunda sosyo-ekonomik o6zellikler agisindan benzer ozelliklere sahip olan bu iki bagimsiz
anaokulunda, normal gelisim gosteren ve daha dnce proje yaklasimina dayali egitim uygulanmamis birer
sinif secilmistir. Cocuklarin dolayli da olsa proje yaklasimina dayali egitimden etkilenebilecekleri
distintlerek deney ve kontrol grubu farkh okullardan segilmistir. Bu okullardaki siniflardan ise kura ile
birer sinif belirlenmis; 8 kiz, 12 erkek cocuk deney grubunu, 11 kiz, 9 erkek g¢ocuk ise kontrol grubunu
olusturmustur. Calismaya toplam 40 cocuk katilmistir. Deney grubundaki iki ¢ocuk, 7 glin proje
etkinliklerine katilmadigi i¢in degerlendirme siirecine dahil edilmemis, degerlendirme 38 cocuk lizerinden
yapilmistir.

Arastirmanin planlama, veri toplama, analiz ve raporlama sireclerinde etik ilke ve kurallara
uyulmustur. Bu arastirma, Hasan Kalyoncu Universitesi Bilimsel Arastirma ve Yayin Etigi Kurulu'nun 28-10
2021 tarihli, E-97105791-050.01.01-4516 sayil toplantisinda etik olarak onaylanmistir.

Veri Toplama Araglari

Arastirmada, ¢ocuklar ve aileleri hakkinda bazi bilgileri elde etmek amaciyla arastirmacilar tarafindan
olusturulan “Genel Bilgi Formu” kullanilmistir. Cocuklarin bilissel yeteneklerini belirlemek amaciyla
Lohman ve Hegan (2001) tarafindan gelistirilen, inal (2010) tarafindan alti yas Tiirk cocuklari icin gegerlik
ve glvenirlik calismasi yapilan Bilissel Yetenek Testi Form-6 (BYTF-6) ile Sahin, Yildirim, Stirmeli ve Gliven
(2018) tarafindan gelistirilen Bilimsel Stire¢ Becerileri Testi (BSBT) kullanilmistir. Proje yaklasimina dayali
egitim programi ¢alisma kapsaminda hazirlanarak uygulanmistir.

Genel Bilgi Formun’da arastirmaya dahil edilen gocuklarin yasi, cinsiyeti, anne baba yasi, anne baba
o6grenim dizeyi, anne baba calisma durumu ve ¢ocugun daha 6nce okul dncesi egitim alma durumuna
iliskin toplam bes soru yer almaktadir.
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Bilissel Yetenekler Testi Form-6 (BYTF-6), Lohman ve Hagen (2000) tarafindan gelistirilmis, inal (2010)
tarafindan alti yas (61-72 ay) ¢ocuklar igin Tirkgeye uyarlanmistir. Bu test, farkh yas gruplari igin
hazirlanmis Birincil ve Coklu Diizey Bataryasi olmak Uzere iki bataryadan olugsmaktadir. Birincil Batarya,
ana sinifindan ilkégretim 2. sinifin sonuna kadar olan ¢ocuklar, Coklu Diizey Bataryasi ise ilkégretim 3.
siniftan ortadgretim son sinifin sonuna kadar olan gocuklar igin tasarlanmistir. Bilgileri hatirlama, organize
etme, benzerlik ve farkliliklari ayirt etme, iliski kurma, sonug ¢ikarma, problem durumlarini kavrama,
modelleri tanimlama, nesneleri ve olaylari kategorize etme, kural ve ilkelerden anlam g¢ikarma gibi
becerileri degerlendiren test (Lohman & Hagen, 2002), ayni zamanda g¢ocuklarin sézel, sayisal ve sozel
olmayan (uzamsal) muhakeme yeteneklerini de degerlendirmektedir (Lohman, 2005; Lohman & Hagen,
2003: Lohman & Hagen, 2001; Lohman & Lakin, 2007). Test; so6zel boyut (s6zciik dagarcigi, sozel
muhakeme), sayisal boyut (iliskisel kavramlar, nicel kavramlar) ve s6zel olmayan boyut (sekil siniflandirma,
matrisler) olmak Ulzere Ug alt boyuta sahiptir.Testin her alt boyutu 40 adet ¢oktan se¢meli olmak lizere
toplam 120 sorudan olusmaktadir. Alt boyuttaki her bir maddenin ¢oktan se¢meli resimli cevaplari
bulunmaktadir. Olgiit olarak her dogru cevaba 1 puan verilen testten 0 ile 120 arasinda toplam puan elde
edilmektedir. Test yaklasik olarak 30-40 dakika stirmektedir (Lohman & Hagen, 2002; Lohman & Lakin,
2007).

Orijinal testin gegerlik glivenirlik calismasi Amerika’da 61-72 aylk 45.265 cocuk lizerinde yapilmistir.
Testin tamami igin glivenirlik katsayisi ortalama .94 olarak hesaplanmistir. Alt boyutlara iliskin glivenirlik
katsayisi; sozel boyut icin ortalama .87, sayisal boyut icin ortalama.90.5 ve s6zel olmayan boyut icin
ortalama 91,5 olarak bulunmustur (Lohman ve Hagen, 2003). Testin gecerlik giivenirlik calismasi inal
(2010) tarafindan ana sinifina devam eden 61-72 aylik 380 cocukla gerceklestirilmistir. Calisma sonucunda
testin i¢ tutarhlik katsayisi hesaplanmis ve KR—20 degeri s6zel boyut igin .76, sayisal boyut igin .82, sozel
olmayan boyut igin .70 ve testin tamami icin KR-20 degeri .91 olarak bulunmustur. Arastirma sonucunda
test tekrar test korelasyon sdzel boyut igin r= 89.5, sayisal boyut i¢in r=98.9, sdzel olmayan boyut i¢in r=
96.8 ve Bilissel Yetenekler Testi Form—6 toplam igin r= 98.4 olarak hesaplanmistir (inal, 2010; inal ve
Omeroglu, 2011).

Bilimsel Sire¢ Becerileri Testi (BSBT), Sahin, Yildirim, Sirmeli ve Glven (2018) tarafindan
gelistirilmistir. Test toplam 16 maddeden olusmaktadir. Bu maddelerin 12’si coktan segmeli, 3’ agik uglu
ve 1’'i performansa dayali sorudan olusmaktadir. Test, 2015-2016 egitim-6gretim yilinda istanbul’da
bulunan dort farkli anaokuluna devam eden 180 ¢ocuktan elde edilen verilere dayali olarak gelistirilmistir.
BSBT'nin KR—20 ve alfa degeri her ikisi icin de 0.683 olarak bulunmustur. 16 maddenin ortalama
guglugunin yaklasik 0,70; ortalama ayirt ediciliginin ise 0,44 civarinda oldugu bulunmustur. Test bireysel
olarak uygulanmakta ve yaklasik olarak 8-10 dakika stirmektedir. Coktan se¢meli test maddelerinin
puanlanmasinda dogru cevaplar 1, yanls ve bos birakilan cevaplar 0 puan seklinde belirlenirken acik uclu
maddelerin ve performans sorusunun puanlanmasinda yine ayni 6l¢itler kullanilmistir (Sahin vd.2018).

Proje Yaklagimina Dayali Egitim Programinin Uygulanmasi Siireci: Bu program, okul dncesi egitime
devam eden 6 yas (60-72 ay) ¢ocuklarin bilissel yetenekleri ve bilimsel siire¢ becerilerinin yani sira tim
gelisimlerini desteklemek Uzere hazirlanmistir. Proje yaklasimina dayali egitim programi, Milli Egitim
Bakanlhig 36-72 Aylik Cocuklara Yonelik Okul Oncesi Egitim Programi ile entegre bir program olarak
hazirlanmistir. Egitim slrecleri olusturulurken okul oncesi egitim programinda yer alan kazanim ve
gostergeleri ile proje yaklasiminin asamalari dikkate alinmistir. Ogrenme merkezleri icin egitim siirecini
destekleyecek materyaller hazirlanmis, diizeltmeler ve eklemeler yapilmistir. Programda, proje
yaklasimina dayali egitimin planlama-baslama, uygulama ve sonuglandirma-degerlendirme asamalarina
yer verilmistir. Konu belirlendikten sonra arastirmacilar tarafindan kavram haritasi olusturulmustur.
Kavram haritasindaki konu basliklari ve projenin asamalari dikkate alinarak projenin 10 hafta ve haftada
bes giin olmak lizere 50 giinlik bir egitim sireci planlanmistir. Glinlik etkinlik streleri, aktivitenin tiriine
gore her glin 60-90 dakika arasinda degismistir.

1. Asama (Planlama ve Baslama): Projenin ilk asamasinda, arastirmacilar tarafindan konu
belirlenmistir. Katz ve Chard (2000) proje konusunun ¢ocuklarin deneyimledikleri, bildikleri ve onlar icin
anlaml olan bir konu olmasi gerektigini belirtmektedir. Ayrica segilecek konunun ¢ocugun dogrudan
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gozlem yapmasina, deneyimlemesine, ilgiyle katilabilmesine, gézlem ve arastirma yapmasina imkan
verecek ve farkl ydntem ve teknik kullanilmasina olanak saglayacak 6zelliklere sahip olmasi gerekmektedir
(Bullard ve Bullock 2002; Katz ve Chard 1992, 1998, 2000, 2005; Souto ve Lee 2009). Gaziantep ilinde el
yapimi ve fabrikasyon ayakkabi endistrisinin gelismis olmasi nedeniyle kapsaml arastirma, gozlem ve
incelemeye olanak saglayacagi dusiinilerek “Ayakkabi Projesi”ne karar verilmistir.

Konu belirlendikten sonra proje yaklasimina dayali egitimin planlama ve baslama asamasina
gecilmistir. Bu asamada, cocuklarin sahip oldugu 6n bilgileri ortaya koymak amaciyla hafta sonu aileleri ile
bir ayakkabi magazasini incelemeleri ve gézlemlerini gizmeleri istenerek baglanmistir. Bir hafta siiren bu
asamada, cocuklarin 6n bilgileri ve merak ettikleri ortaya gikarilarak gocuklarla birlikte kavram haritasi
olusturulmus, arastirma sorulari belirlenmis ve bu sorulara yanit bulmak igin yapilacak arastirma siireci
planlanmistir.

2. Asama (Uygulama): Projenin ikinci asamasi olan uygulama asamasi 8 hafta stirmistlr. Bu asamada
planlama asamasinda belirlenen alan gezileri (ayakkabi diikkani, ayakkabi fabrikasi, geleneksel ayakkabi
imalati yapan ayakkabici, ayakkabi tamircisi) yapilmis ve ayak saghgl konusunda bilgi almak icin bir
fizyoterapist davet edilmistir. Cocuklar; diger arastirma kaynaklari olarak evlerinde veya gevrelerinde
giyilen ayakkabilari incelemis, internet ve ayakkabi kataloglarindan yararlanmistir. Bu asamada cocuklar
arastirma, inceleme ve goézlem yapmiglar ve elde ettikleri bilgileri oyun, sanat, miizik, dyku gibi etkinlikler
aracihgi ile yansitmislardir.

Etkinlik 9 Farkli Hikdyeler: Arastrimaci “ilk Ayakkabi Nasil Yapildi?” adli hikayeyi power point aracilig ile
anlatmustir. Sunuya iliskin gorseller Resim 1’de verilmistir.

1. insanlarin neden farkl ayakkabu iirettikleri hakkinda cocuklarla sohbet edilmis ve farkli ayakkabilar
incelenerek bu ayakkabilarin insanlar tarafindan nerede ve nigin giyildigi sorusu tartisiimistir.

heir feet would
nking about

How were the first shoes made?

Resim 1. ilk Ayakkabi Nasil Yapildi Oykiisii

Arastirmaci farkli ayakkabi resimlerini masaya koymus, her cocuk istedigi bir ayakkabi resmini segtikten
sonra ¢ocuklar gruplara ayrilmistir. Arastirmaci gruplara farkl ayakkabi giyen insanlarin bir araya geldigini
sdylemis ve “Bu insanlar kim, neden bir araya gelmisler, sizce bu insanlar ne yapiyor? Bu insanlar ¢cok
onemli bir olay igin bir araya gelmisler. Sizce bu 6nemli olay nedir?” sorular sorularak aralarinda
tartismalarini istemistir. Gruplara hikayelerini olusturduktan sonra ¢izmeleri sdylenmis ve gruplar
hikayelerini duvara asarak arkadaslarina anlatmislardir. Cocuklarin hikdye olusturma siirecine iliskin
gorseller Resim 2’de verilmistir.
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Resim 2. Etkinlik 9’un Uygulama Siirecine iliskin Gérseller

Etkinlik 14. Senin ayakkabin nasil olacak? Alan gezisi amaciyla bir ayakkabi fabrikasina gidilmis ve
orada ayakkabinin nasil imal edildigi hakkinda bilgi alinmistir. Cocuklar ayakkabinin bilgisayarda nasil
tasarlandigi, nasil cizildigi ve bu cizilen tasarimin kaliplara nasil dontstiraldigini gozlemleyip
gorevlilerden bilgi almislardir. Okula geldikten sonra, g¢ocuklarla sohbet edilmis ve cocuklara kendi
ayakkabilarinin nasil olmasini istedikleri, kendileri farkli ve degisik bir ayakkabi yapsalar nasil yapacaklari
konusunda sorular yoneltilmistir. Cocuklardan once istedikleri ayakkabinin tasarimini gizmeleri istenmistir
(Resim 3). Daha sonra ¢ocuklar istedikleri artik materyalleri kullanarak tasarladiklari ayakkabilari
yapmislardir. Cocuklarin ayakkabi tasarimlari ve tasarladiklari ayakkabilara iliskin gorseller Resim 3 ve
Resim 4’te verilmistir.

Resim 3. Ayakkabi Tasariminin Cizimi Resim 4. Cizilen Ayakkabinin Yapimi

3. Asama (Sonuglandirma ve Degerlendirme): Projenin sonlandirma asamasinda ise g¢ocuklar elde
ettikleri bilgileri aktarmak icin dort gtin hazirlik yapmislardir. Bu hazirlik siirecinde proje boyunca yaptiklari
calismalari (gizim, sanat galismalar, fotograflar gibi) siniflamis, kendi tasarladiklari ayakkabilari kullanarak
bir defile hazirlamis ve proje boyunca cekilen fotograflarla anne babalari ve okuldaki diger arkadaslarina
yonelik bir sergi ve sunum hazirlamislardir.

Veri Toplama Yontemi

Calisma grubu belirlendikten sonra deney ve kontrol grubundaki ¢cocuklarin ailelerinden gerekli izinler
alinmis ve kisisel bilgi formlari aileler tarafindan doldurulmustur. Deney grubundaki cocuklarin aileleri ile
tanisilmis, proje yaklasimina dayali egitim hakkinda bir seminer diizenlenmis ve proje siirecinde aile
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katilimina iliskin bilgi verilmistir. Arastirmacilar tarafindan 5-8 Subat 2018 tarihleri arasinda BYTF-6 ve
BSBT, deney ve kontrol grubundaki ¢gocuklara 6n test olarak uygulanmistir. Sinif 6gretmeni ve uygulamayi
gerceklestirecek olan ilk arastirmaci 6n test uygulama oncesi sinif etkinliklerine birlikte katilmislar,
o6grenme merkezlerinde diizenlemeler yapmislardir. Deney grubuna arastirmaci tarafindan 12 Subat- 20
Nisan 2018 tarihleri arasinda Proje Yaklasimina Dayal Egitim Programi, on hafta ve haftada bes giin (50
gin), ginde 60-90 dakika arasinda degisen sirelerde uygulanmis, kontrol grubu ise normal egitim
programina devam etmistir. Uygulama sonrasi (25-30 Nisan) son testler, Proje Yaklasimina Dayali Egitimin
kalici olup olmadiginin belirlenmesi igin ise son testlerin uygulanmasindan bes hafta sonra (4-8 Haziran)
deney grubundaki cocuklara tekrarlanmistir.

Verilerin Analizi

Arastirmadan elde edilen verilerin normal dagilim gosterip gostermedigi, Shapiro-Wilk testi ile analiz
edilmistir. Normallik varsayimini 6lgen birgok test vardir. Shapiro-Wilk testi normal dagilimi 6lgen en giglu
testlerden biridir (Razali & Wah, 2013). Bununla birlikte Shapiro-Wilk testi rneklem biyklGgliniin 50’den
kiicik olmasi durumunda yaygin olarak tercih edilen normallik testlerinden bir tanesidir (Blytkoéztirk,
2008). Verilerin analizinde SPSS 21 (Statistical Package For Social Sciences) programindan yararlaniimistir.
Bu dogrultuda gruplarin BYTF-6 ve alt boyutlari ile BSBT'den aldiklari 6n test, son test ve kalicilik testi
puanlarinin normalik testi sonuglari Tablo 1’de sunulmustur.

Tablo 1.

Deney ve Kontrol Grubundaki Cocuklarin BYTF-6 ve Alt Boyutlari ile BSBT ye iliskin Shapiro Wilk Testi
Sonuclari

Normallik Testi

Alt On test Son test Kalicilik testi
Boyutlar ve Grup - . -

Olgekler S-Wilk sd P S-Wilk sd p S-Wilk sd P
S6zcuk Deney ,960 18 ,605 ,845 18 ,117 ,928 18 ,179
Dagarcig

Kontrol ,898 18 ,154 ,850 18 ,118 - - -
Sozel Deney ,911 18 ,191 ,928 18 ,180 ,913 18 ,099
Muhakeme

Kontrol ,904 18 ,168 ,969 18 ,788 - - -
i|i§kise| Deney ,895 18 ,147 ,968 18 ,759 ,950 18 ,422
Kavramlar

Kontrol ,855 18 ,110 ,897 18 ,150 - - -
Nicel Deney ,894 18 ,145 ,962 18 ,646 ,934 18 ,224
Kavramlar

Kontrol ,948 18 ,399 ,917 18 ,113 - - -
Sekil Deney ,949 18 ,404 ,920 18 ,132 ,961 18 ,621
Siniflandir ~ Kontrol ,919 18 ,122 ,768 18 ,111 - - -
ma
Matrisler Deney ,945 18 ,353 ,938 18 ,263 ,922 18 ,141

Kontrol ,904 18 ,167 ,732 18 ,100 - - -
Toplam Deney ,960 18 ,605 ,954 18 ,488 ,987 18 151
BYTF-6 Kontrol ,898 18 ,154 ,963 18 ,657 - - -
BSBT Deney ,943 18 ,332 ,963 18 ,657 ,897 18 ,057

Kontrol ,979 18 ,937 ,954 18 ,488 - - -

Arastirmaya dahil edilen deney ve kontrol grubundaki cocuklarin BYTF-6 ve alt boyutlari ile BSBT ye ait
on test, son test ve deney grubunun kalicilik testi puanlarina iliskin Shapiro Wilk testi sonuglari Tablo 1’de
incelendiginde, 6n test, son test ve kalicilik testi puanlarinin normal bir dagilima sahip oldugu tespit
edilmistir (p>0,05). Bu dogrultuda arastirmadan elde edilen verilerin analizinde t-testi kullaniimistir.
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Bulgular

Alt1 yas (60-72 ay) ¢ocuklarinin bilissel yetenek ve bilimsel siire¢ becerilerine proje yaklasimina dayali
egitimin etkisinin incelenmesi amaci ile yapilan ¢alismada iki arastirma sorusuna cevap aranmstir. ilk
arastirma sorusu olan “3-6 yas (60-72 ay) ¢ocuklar i¢in hazirlanan proje yaklasimina dayali egitim programi,
cocuklarin bilissel yeteneklerini desteklemekte etkili midir” sorusuna iliskin bulgular Tablo 2’'de
sunulmustur. BYTF-6 ve BSBT'den elde edilen 6n test, son test ve kalicilik testi puanlarina iliskin analiz
sonuglari asagida tablolar halinde sunulmustur.

Tablo 2.

Deney ve Kontrol Grubundaki Cocuklarin BYTF-6 ve Alt Boyutlari ile BSBT ye iliskin On Test ve Son Test
Puanlarina Ait Bagimli Gruplar icin t-testi Sonuclari

Gruplar Grup/ n X SS sd t P
Olgiim
BYTF-6 Sozcuk Deney Ontest 18 ,6528 ,06057
Dagarcig Sontest ,8833 ,04851 37 -18,867 /000
Kontrol Ontest 20 ,5050 ,07592 19 -1657 ,114
Sontest ,4625 ,08717
Sozel Deney Ontest- 18 ,4583 ,06697 37 -17,631 ,000
Muhakeme Sontest ,7250 ,10037
Kontrol Ontest 20 ,4525 ,07860 19 1,636 ,118
Sontest ,4275 ,08188
iliskisel Deney Ontest 18 ,4389 ,07584 37 -17,142 ,000
Kavramlar Sontest ,8056 ,08205
Kontrol Ontest 20 ,6200 ,11050 19 1,291 ,212
Sontest ,6215 ,10859
Nicel Deney Ontest 18 ,4222 ,08613 37 -16,135 ,000
Kavramlar Sontest ,7667 ,10981
Kontrol Ontest 20 ,6400 ,12937 19 -1,831 ,083
Sontest ,6325 ,09216
Sekil Deney Ontest 18 ,4333 ,10146 37 -19,864 ,000
Siniflandirma Sontest ,7833 ,10981
Kontrol Ontest 20 ,4680 ,08043 19 ,243 ,810
Sontest ,4753 ,74515
Matrisler Deney Ontest 18 ,4139 ,07237 37 -20,477 ,000
Sontest ,7861 ,07823
Kontrol Ontest 20 ,6350 ,07844 19 -1,004 ,328
Sontest ,6325 ,07779
Toplam Deney Ontest 18 ,4699 ,04715 37 -47,027 ,000
Sontest ,7917 ,04344
Kontrol Ontest 20 ,14896 ,05460 19 -1657 ,114
Sontest ,15051 ,06872
BSBT Deney Ontest 18 ,4236 ,14309 17 -6,552 ,000
Sontest ,7257 ,10532
Kontrol Ontest 20 ,3813 ,08579 19 -9,790 ,159
Sontest ,5313 ,08376

Tablo 2 incelendiginde, bagimh gruplar igin t testi analizi sonucunda, hesaplanan t degerine gére deney
grubunun 6n test ve son test puanlari arasinda BYTF-6 toplami ve alt boyutlari olan s6zciik dagarcigi, sozel
muhakeme, iliskisel kavramlar, nicel kavramlar, sekil siniflandirma ve matrislerde anlamli bir farklihk
oldugu (p<0.05) belirlenmistir. Ortalama ve standart sapma degerleri dikkate alindiginda bu farkin deney
grubunun son test puanlari lehine oldugu belirlenmistir. Proje yaklasimina dayal egitim programi alan
deney grubundaki cocuklarin BYTF-6’ya gore belirlenen bilissel becerilerinin aldiklari egitimle iliskili oldugu
ve egitim almayan kontrol grubundaki cocuklardan daha yiksek oldugu gorilmektedir. Bunlarla birlikte
deney grubunda yer alan gocuklarin bilissel stre¢ becerileri testinden aldiklari puanlar incelendiginde
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bagimli gruplar igin t testi analizi sonucunda, hesaplanan t degerine gére deney grubunun 6n test puanlari
ve son test puanlari arasinda anlamli bir farkhihk oldugu (p<0.05) tespit edilmistir. Kontrol grubunda yer
alan gocuklarin BSBT’ye yonelik bagimli gruplar igin t testi analizi sonucunda hesaplanan t degerine gore
kontrol grubunun 6n test ve son test puanlari arasinda bilissel slre¢ becerilerinde anlamh bir farkliligin
olmadigi (p>0.05) tespit edilmistir. Ortalama ve standart sapma degerleri dikkate alindiginda bu farkin
deney grubunun son test puanlari lehine oldugu belirlenmistir.

Galismanin ikinci arastirma sorusu olan “6 yas (60-72 ay) ¢ocuklar igin hazirlanan proje yaklasimina
dayal egitim programi, cocuklarin bilimsel siire¢ becerilerini desteklemekte etkili midir?” sorusuna iliskin
bulgular Tablo 3’te sunulmustur.

Tablo 3.
Deney Grubundaki Cocuklarin BYTF-6 ve Alt Boyutlari Son Test ve Kalicilik Testi Puanlarina fliskin
Bagiml Gruplar igin t-testi Sonuglari

Grup/Olcim n % SS sd t P
BYTF-6 Sozcik Dagarcig Son test 18 ,8833 ,04851 17 2,051 ,056
Kalicilik testi ,8417 ,08445
S6zcik Muhakeme Son test 18 ,7250 ,10037 17 -1,826 ,085
Kalicilik testi ,7556 ,07048
iliskisel Kavramlar Son test 18 ,8056 ,08205 17 -,399 ,695
Kalicilik testi ,8111 ,06764
Nicel Kavramlar Son test 18 ,7667 ,10981 17 ,893 ,384
Kalicilik testi ,7528 ,09310
Sekil Siniflandirma Son test 18 ,7833 ,10981 17 ,972 ,345
Kalicilik testi ,7667 ,08044
Matrisler Son test 18 ,7861 ,07823 17 ,922 ,369
Kalicilik testi ,7694 ,07696
Toplam Son test 18 ,7917 ,04344 17 1,303 ,210
Kalicilik testi ,7829 ,04196
BSBT Son test 18 ,7257 ,10532 17 -,960 ,350
Kalicilik testi ,7431 ,09067

Deney grubunda yer alan cocuklarin BYTF-6 alt boyutlari ve toplami ve BSBT’ye iliskin aldigi puanlar
incelendiginde, yapilan t testi sonucunda son test ve kalicilik puanlari arasinda BYTF-6"nin toplami, sdzclk
dagarcigl, sézel muhakeme, iliskisel kavramlar, nicel kavramlar, sekil siniflandirma ve matrisler alt
boyutlari ile BSBT'de anlamh bir farkliik olmadigi (p<0.05) gorulmistir. Bu bulgulara gore proje
yaklasimina dayali egitimin etkisinin devam ettigi séylenebilir.

Tartigma ve Sonug

Bilissel yetenekler, cocuklarin normal glinliik aktiviteleri ile sinif ici ve disindaki diinyayi arastirirken
dogal olarak gelistirdikleri yeteneklerdir. Bu yetenekler, yetiskinler tarafindan sunulan ve dogrudan
6gretimi iceren yapay problem ¢6zme durumlari veya yapilandirilmis etkinliklerden daha ¢ok, ¢ocuklari
cevrelerindeki diinyay kesfetmeye tesvik eden ve otantik bir ortamda problem ¢6zmeyi gelistiren zengin
bir 6grenme ortami ile etkili hale gelebilir. (Kidd vd., 2008). Proje yaklasimina dayali egitim, gercek yasam
konularina yer veren ve gercek yasam veya ona yakin kosullarda arastirma ve sorgulamaya dayali
uygulamalari iceren zihinsel ve fiziksel bir 6grenme yaklasimidir. Proje yaklasimina dayali egitimin genel
amaci, ¢ocuklarin dislince diinyasini gelistirmek, gergeklerin 6grenilmesinden ¢ok, kavram ve ilkelerin
kavranmasi ve var olan becerilerin gelistirilmesini saglamaktir (Capraro & Slough, 2009; Demirel, 2003;
Katz & Chard, 2000; Thode, 1997; Newell, 2003). Bu yaklasimin 6grenme amaclari, Katz ve Chard (1998)
tarafindan bilgi (Knowladge), beceri (skills), egilim (Disposition) ve duygular olarak ortaya konmustur.
Bilissel yeteneklerin bir alt boyutu olan, olaylar arasinda iliski kurma, karsilasilan problemleri ¢dzebilme,
elde edilen bilgi ve deneyimleri yeni durumlarda kullanabilme gibi bircok beceriyi iceren muhakeme
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becerisidir (Solso, Maclin & Maclin, 2009). Muhakeme becerisinin sozel, s6zel olmayan ve sayisal
boyutlarinin bu ¢alismada uygulanan proje yaklagimina dayali egitim programi ile desteklendigi
belirlenmistir. Proje yaklasimina dayal egitimin cocuklarin gelisimine katkilarina iliskin literatiirde
belirtilen durumlar bu calisma ile test edilmis ve proje yaklasimina dayali egitimin ¢ocuklarin bilimsel
diisinme ve muhakeme becerileri Gzerinde anlamli bir fark yarattigi gérilmustir.

Proje yaklasimina dayal egitimin ¢ocuklarin bilissel becerilerine olumlu katkilar sagladigi, cok sayida
arastirma sonuglari ile ortaya konmustur (Alacapinar, 2008; Aral, Kandir, Ayhan & Yasir, 2010; Bicacki &
Gursoy, 2010; Boaler, 1997; Brown & Campione, 1996; Chard, 1999; Habok, 2015; Katz & Chard, 2016;
Ljung-Djarf, Magnusson & Peterson, 2014; Panasan & Nuangchalerm, 2010; Thomas, 2000). Muhakeme
becerilerine yonelik yapilan g¢alismalarda, problem dayali 6grenmenin etkisini inceleyen calismalar
bulunmaktadir (Baker, 2007; Dunlap, 2005; Kolodner, Camp, Crismond, Fasse, Gray, Holbrook.... & Ryan,
2003; VanLeit, 1995). Proje yaklasimina dayal egitimin ¢ocuklarin genel bilissel yeteneklerine etkisinin
incelenmesine ragmen, muhakeme becerilerine proje yaklasiminin etkisini ortaya koyan calismalarin
yapilmadigi saptanmistir. Ancak proje yaklasiminda oldugu gibi cocuk merkezli ve sorgulamaya dayali
uygulanan programlarin ¢ocuklarin muhakeme becerilerini destekledigi goriilmektedir (Aiello, 2002; de
Chantal vd., 2019; Cohn ve Hazarika, 2001; De Dejonckheere, De Wit, Van de Keere & Vervaet, 2016; inal,
2011; Kidd, Pasnak, Gadzichowski, Ferral-Like, & Gallington, 2008; Klauer, Willmes ve Pyhme, 2002;
Koyuncu & Yabas, 2017; Starkey, Klein ve Wakeley, 2004; Papic ve Mulligan, 2005 Mulligan, Perescott,
Papic ve Mitchelmore, 2006; Klauer vd (2002) Van Schijndel, Singer, Van der Maas ve Raijmakers, 2010).
Proje yaklasimina dayali egitim programi da hem ¢ocuk merkezli hem de sorgulamaya dayali bir 6grenme
yaklasimidir. Bu nedenle bu galisma ile ortaya konuldugu gibi proje yaklasimina dayal egitim programinin
¢ocuklarin muhakeme becerilerini destekledigi séylenebilir.

Calismadan elde edilen diger énemli bulgu, proje yaklasimina dayah egitim programinin gocuklarin
bilimsel siire¢ becerilerine katki sagladigidir. Bilim insaninin temel 6zellikleri, gbzlem yapmak, varsayimda
bulunmak, farkli durumlarda neler olabilecegini diisinmek, hipotezleri test etmek, kanitlari sinamak ve
sonug cikarmaktir. Proje yaklasimina dayali 6grenme, ¢ocuklara bilim insanlarinin yaptiklari isleri yapma
firsati sunmaktir (Krauss & Boss, 2013). Cocuklar ve bilim insanlari; gozlemleyerek, yaparak, bilgiyi
arayarak, kendilerini ve topluluklarini zenginlestiren sorunlari ¢ézmeye calisarak bilimi 6grenmektedir
(Laffey, Tupper, Musser & Wedman, 1998). Projeler, g¢ocuklarin soru sormalarina, bilinmeyeni
¢6zmelerine, gevrelerindeki dnemli nesne ve olaylar hakkinda farkindalik yaratarak bilimsel diigiinme
becerilerine katki saglamaktadir (Katz ve Chard 2000; Lickey ve Powers 2011). Proje yaklasimina dayal
uygulamalara 6zgl dinamik stregler, arastirilan konu hakkinda kendi sorularini gelistirme, olasi cevaplar
hakkinda tahminlerde bulunma, hipotezleri test etme, bulgulari tartisma ve deneme-yanilma yoluyla
kendi sorunlarini ¢ozmek icin zaman ayirmayi icermektedir (Clark, 2006). Uygulanan ayakkabi projesi ile
cocuklar arastirma sorularini belirlemis, arastirma kaynaklarina ulasmak icin arastirma, sorgulama ve
gbzlem yapma firsati bulmuglardir. Elde ettikleri bilgileri, oyun, sanat, gizim, 6yk{, grafik olusturma gibi
yollari kullanarak aktarmislardir. Proje slireci sonunda ¢ocuklarin bilimsel siire¢ becerilerinde gelisimin
meydana geldigi ortaya konmustur.

Yapilan bu galisma, proje yaklasimina dayali egitimin alti yas ¢ocuklarin bilimsel siire¢ becerilerini
destekledigini gostermektedir. Benzer sekilde okul dncesi ¢ocuklara yonelik proje yaklasimina dayal
egitim uygulayan Katz (2010,) proje yaklasiminin ¢ocuklarin temel bilimsel siire¢ becerilerini
kullanmalarina firsat verecegini ve bu sayede bilim egitimi verilebilecegini belirtmistir. Okul Oncesi
cocuklarin bilimsel siire¢ becerilerini desteklemede proje yaklasiminin uygulandigi ¢alismalar, bu etkiyi
ortaya koymaktadir (Beneke & Ostrosky, 2009; Cowan, 2015; Gallick ve Lee, 2009; Gultekin 2005; Helm &
Gronlund 2000; Helm & katz, 2016; Katz, 1999; 2010; Kefi, 2017; Nelson, 2017; Ra 2009; Sahin, Gliven &
Yurdatapan, 2011; Sahin, Giiven & Yurdatapan, 2011).

Yukaridaki agiklamalar dogrultusunda bu calismada, proje yaklasimina dayali egitimin g¢ocuklarin
bilissel yetenekleri ve bilimsel siirec becerilerini desteklemede etkili oldugu ortaya konmustur.
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Bu ¢alisma, okul dncesi dénem 6 yas, orta sosyo-ekonomik kosullara sahip gocuklar ile sinirlidir.
Galisma grubunun daha 6nce proje deneyimi olmamasi nedeniyle proje konusu arastirmacilar tarafindan
belirlenmistir. Cocuklarin konu segimine katiliminin saglanmasi, yaklasimi daha etkili kilacaktir.

Yapilan bu galisma, proje yaklasimina dayali egitimin okul dncesi ¢ocuklarin muhakeme becerisi ve
bilimsel stire¢ becerisine olumlu katki sagladigini ortaya koymustur. Bu bulgulardan yola gikarak arastirma
ve sorgulamaya dayali bir yaklasim olan proje yaklasiminin, okul o6ncesi egitim programi ile
butlinlestiriimesi gerektigi diisinulmektedir. Okul 6ncesi 6gretmenlerin proje yaklasimina dayali egitim
uygulamalarini programla bitunlestirerek yer vermelerinin 6nemli oldugu diistintilmektedir.

Proje yaklasimi, zihinsel ve bedensel olarak aktif ve arastirmaci olan, bilgiyi yapilandirma sirecinde
deneyimlerini kullanan okul 6ncesi donemdeki ¢ocuklarin muhakeme ve bilimsel siire¢ becerilerinin
yaninda tim gelisim alanlarini desteklemek icin egitimciler tarafindan kullanilabilir. Yaparak yasayarak
o6grenen okul 6ncesi cocuklara 6grenme sorumlugu ve deneyimi saglayan proje yaklasiminin okul éncesi
egitim programi ile bitinlestirilebilecegi ortaya konmustur. Proje yaklasiminin egitim programin bir
pargasi olarak uygulanmasi icin ¢alismalarin yapilmasi ve bu yaklasimi 6gretmenlerin egitim programlari
ile butiinlestirmelerinin etkili olacagi dustuntlmektedir. Proje yaklagimi 6gretmenin rehber, 6grenenin
aktif oldugu bir yaklagimdir. Bu yaklasimi uygulayacak olan 6gretmenlerin proje yaklasiminin temel
felsefesi ve uygulama asamalari konusunda egitim almalarinin, bu yaklasimin etkililigini artirabilecegi
soylenebilir.

Yazar Katki Orani
Yazarlar, calismaya esit oranda katki sunmuslardir.
Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tum kurallara
uyulmus ve ydnergenin ikinci bolimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
higbirisi gerceklestirilmemistir.

Catisma Beyani

Yazarlar calisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar catismasi bulunmadigini beyan
etmektedirler.
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Present study aims at developing a scale to identify pre-service teachers' perceptions of
having 21st century skills. It was carried out with two different participant groups using
survey method through maximum variation sampling method. The study was conducted
with a total of 827 participants (439 for exploratory factor analysis (EFA) and 388 for
confirmatory factor analysis (CFA). SPSS program was used to analyze data for EFA and
SPSS AMOS program was used for CFA. The 'Scale for Identifying Perceptions of Having
21st Century Skills' was developed based on the EFA results, revealing a 44.188% total
variance. The scale consisted of 19 items with a 3-factor structure. The CFA indicated
good fit indices for the scale, and an internal consistency coefficient of .858 Cronbach’s
Alpha was obtained. The findings of this study indicate that the developed scale meets
the theoretical and statistical criteria outlined in the relevant literature for pre-service
teachers. Therefore, the instrument has potential as a reliable and valid measure of pre-
service teachers' perceptions for possessing 21st century skills.
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Arastirma Makalesi

Bu calisma ile 6gretmen adaylarina yonelik 21. yy. becerilerine sahip olma algilarini
belirlemek igin bir dlgek gelistirilmesi amaglanmistir. Tarama yénteminin kullanildigi
galisma, maksimum gesitlilik 6rnekleme yonteminden yararlanilarak iki farkli katilimci
grubuile yurGtilmustur. Agimlayici faktor analizi (AFA) igin 439, dogrulayici faktor analizi
(DFA) igin de 388 olmak uzere toplam 827 katimci ile gahsilmistir. Veriler, AFA
kapsaminda SPSS programi ile DFA kapsaminda ise SPSS AMOS programi ile analiz
edilmistir. AFA sonucunda toplam varyansin %44,188’ini agiklayan, 19 madde ve 3 farkh
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edilebilir ve iyi diizeyde oldugu belirlenmistir. Ayrica, DFA sonrasi bltiin olarak i¢ tutarlik
katsayisi .858 Cronbach Alfa olarak bulunmustur. Sonug olarak, ¢alisma kapsaminda
O0gretmen adaylarina yonelik kuramsal ve istatistiksel anlamda alanyazindaki ilgili
kriterleri karsilayan nitelikli bir 6lgek gelistirilmistir.

* This study was produced from doctoral dissertation of the first author under the supervision of the second author in December

2020

*Corresponding Author: adurmus@anadolu.edu.tr


https://dergipark.org.tr/tr/pub/cuefd

Durmus & Giiven — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 99-125

Introduction

The 21st century is a period in which various innovations have been experienced in many fields in
terms of human history. While those innovations can be considered to manifest themselves in the
lifestyles of individuals, they also bring some new set of expectations and requirements together. A
number of skills were emphasized to be necessary for individuals to fulfill their 21st century needs, to
show their potential talents and, above all, to survive, especially during their education and professional
lives (Chisholm, 2005). The skills, called as 21st century skills or 21st century competencies, have been
tried to be defined and identified by many organizations and researchers in the literature (International
Society for Technology in Education (ISTE), 2016; Griffin & Care, 2015; Partnership for 21st Century
Learning (P21), 2015; National Research Council (NRC), 2011; Organisation for Economic Co-operation and
Development (OECD), 2005; North Central Regional Educational Laboratory (NCREL) & Metiri Group,
2003). Although they were discussed from different perspectives, most of the 21st century skills
mentioned in various studies were found to be similar or the same.

Laar et al., (2017) scanned 75 articles on 21st century skills published between 2000 and 2016 in a
literature review study on 21st century and digital skills, and found out that 35 of those articles defined
21st century skills conceptually. The most common 21st century skills expressed in the definitions given
in the articles were collaboration, communication, creativity, critical thinking, cultural awareness,
knowledge management, lifelong learning, problem solving, self-direction, technical skills, ethical
awareness and flexibility skills in the order of frequency (Laar, et al., 2017).

Ozgelik (2019) listed the components of 21st century competencies as technology, cognitive,
metacognitive, emotions, values, social relations and health literacy, and associated these components
with 21st century skills as follows: technology; digital literacy and social media; cognitive; critical thinking,
creativity, financial literacy and multidisciplinary processes; metacognitive; learning to learn, emotions;
courage, resilience, emotional intelligence, developmental mindset and risk taking; values; fairness,
honesty and kindness; social relations; collaboration, communication, social intelligence, online networks
and global awareness, and health literacy; health knowledge and individual responsibility (Ozgelik, 2019,

p.2).

Various organizations have developed 21st century skills frameworks under different names but
similar contents. Among those frameworks, the most accepted ones were the ones prepared by P21,
NCREL and Metiri Group, the American Association of Universities and Colleges (AACU) and OECD (Dede,
2010). In addition, the ATC21S-Assessment and Teaching of 21st Century Skills project conducted by the
USA, Australia, Singapore, the Netherlands, Finland and Costa Rica between 2009 and 2012 was an
important framework study on competencies. 21st century skills were listed under four main groups as
knowledge, skills, attitudes and values, and ethics. The knowledge category was mentioned under the title
of thinking ways and it consisted of critical thinking, creativity and innovation, decision making and
problem solving, metacognition skills and learning to learn. The skills category was expressed under the
title of working styles and consisted of communication and cooperation skills. Attitudes were listed under
the title of study tools, and it included literacy of information and information and communication
technology (ICT) skills. Values and ethics were given under the title of living on earth and consisted of
global and local citizenship, personal and social responsibilities and life and career skills (Griffin et al.,
2012). ATC21S 21st century skills framework can be said to have similarities in many aspects with the
framework developed by P21.

Studying on identification of 21st century skills and developing training programs based on these skills,
P21-Partnership for 21st Century Learning is considered as a significant authority in the field, and the 21st
century skills framework developed by P21 has gained significant acceptance in literature (Alismail &
McGuire, 2015; Beers, 2011; Soulé & Warrick, 2015). Developed in 2009, the 21st Century Learning
Framework of P21, is a comprehensive scheme including learner acquisitions and support systems as well.
Figure 1 shows the chart of the latest version of ‘P21 Framework for 21st Century Learning’ (P21, 2015,

p.1).
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Figure 1. The latest version of P21 Framework (P21, 2015, p.1.)

In formulating the 21 century skills framework, P21 took into account the potential for these
proficiencies to enhance pedagogical practices, particularly with regards to reading, writing, and
mathematics. Furthermore, P21 recognized the value of incorporating these skills into other academic
disciplines, including language arts, world languages (including English), art, science, economics,
government, civics, geography, and history. To ensure a comprehensive approach, P21 also included a
range of interdisciplinary themes aligned with 215t century skills including global awareness and various
literacies (including financial, commercial, entrepreneurial, civic, health, and environmental). They were
deemed to have significant value for their integration into academic subjects. (Beers, 2011; P21, 2015;
Triling &Fadel, 2009).

P21's 21 century skills are organized into three primary categories, each with its own set of sub-skills.
These categories include learning and innovation skills, information, media, and technology skills (i.e.,
digital literacies), and life and career skills. Learning and innovation skills, including creativity and
innovation, communication, collaboration and critical thinking, are vital in distinguishing individuals who
are well-equipped to navigate the social and professional realms of 215t century mediums from those who
are not. The information, media, and technology skills category, on the other hand, encompasses
information, media, and ICT literacies. The life and career skills category consists of a range of
competencies, including, self-direction and initiative, flexibility and adaptability, social and cross-cultural
communication, accountability and productivity as well as leadership and responsibility skills. (P21, 2015,
2019). The present study acknowledges the wide acceptance and academic significance of P21's 21%
century skills framework, and thus considered the definitions and explanations of skills provided in this
framework as the primary reference point during the item development process for the Scale for
Identifying Perceptions of Having 215 Century Skills. The framework's extensive scope and importance in
the literature made it an appropriate and relevant source for informing the item-writing process.
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As the concept of industry 5.0 began to have an important impact on the lives of societies since the
beginning of 2010s, especially in the axis of digital skills, 21° century skills have become utmost important
for 21 century individuals to lead a qualified life in both their social and professional lives by displaying
their potential (Gllen & Donmez, 2021; Yiicebalkan & Aksu, 2018). In this context, pre-service teachers'
awareness of their perception of having these skills is considered to enable them to employ skills more
effectively.

Considering that 21°* century skills have an important impact in various aspects of modern life, the
knowledge and awareness of teachers possessing an important role in terms of raising individuals who
make up the society equipped with these skills is regarded significant to be developed. Thus, improving
the knowledge, awareness and ability of pre-service teachers in terms of 21% century skills in their
education process is predicted to contribute positively to the future of the society. The state of having
215 century skills of pre-service teachers can be determined through scales. In this context, examining the
relevant literature, it could be seen that although the number of scale development and adaptation
studies on 21° century skills have increased in recent years in Turkey, the studies focusing on pre-service
teachers still remain limited. In the scale development study conducted by Anagiin et al. (2016), it was
aimed at determining perceptions of competence of pre-service teachers for 21st century skills. In another
study, Atalay (2015) conducted a scale development study focusing on the learning and innovation
dimension of 21 century skills. As for another study, it focused on self-management skills of primary
school students (Kilig, 2015). Yilmaz and Alkis (2019) developed the '21% Century Competencies Scale' for
university students regardless of field, while Ozyurt (2020) conducted the Turkish adaptation of the
'"Teaching 21% Century Skills' scale.

When examining the examples in the literature, it has been observed that the scales developed have
focused on one or a few sub-dimensions of 21%-century skills, and those that have attempted to address
all 21%-century skills have stayed limited in terms of determining perceptions of having these skills.
Therefore, a need has arisen for a scale that reveals the perceptions of pre-service teachers regarding
their possession of 21%t-century skills. It was aimed to use the scale developed in current study in needs
analysis process of the course that would be designed for pre-service teachers for the teaching of 215t
century skills, which would be developed based on the skills determined by P21 framework. Therefore,
considering that developing a new scale based on the skills stated in P21 framework would be more
contextual and meaningful, it was understood that there was a need for a scale revealing the perceptions
of pre-service teachers in terms of having 21 century skills. The current study aimed at developing the
"Scale for Identifying Perceptions of Having 215 Century Skills", to find out perceptions of pre-service
teachers holistically in terms of having these skills.

Method

In this section, details on the research model, sample, scale development process, data collection and
data analysis processes are given.

Research Model

In this study, which aimed to develop a scale to determine perceptions of pre-service teachers in terms
of having 21%t-century skills, the survey method (one of the quantitative research methods) recommended
by Creswell (2014), was utilized. The steps followed in the process were as follows:

1. Reviewingthe relevant literature identifying 215t century skill themes based on the P21 framework.
Creating an item pool based on the identified skill themes.

Determining the structure of the scale.

Obtaining expert opinions for content validity.

Refining the scale based on expert opinions to make it ready for administration.
Conducting a pilot study of the scale.

Calculating reliability.

Conducting exploratory factor analysis.

Finalizing the scale.

W NOU AW
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10. Conducting confirmatory factor analysis.

Study Group

A successful and valid scale development process requires a sample size representing the universe
(DeVellis, 2017; Sahin & Oztiirk, 2018). In this context, Nunnally (1978; cited in DeVellis, 2017) suggested
100 participants to be weak; 200 to be moderate; 300 to be sufficient; 500 to be very good and 1000 to
be excellent. So as to reach the minimum essential sample size for the analysis needed, maximum diversity
and easily accessible convenience sampling methods were used among targeted sampling methods. Thus,
as also stated by Yildirim and Simsek (2013), it was aimed to reflect the diversity of individuals who could
be involved in the problem being studied at the highest level and to reach these individuals easily. In this
context, the Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) processes of the
scale developed in the scope of the study were conducted with students who studied at Faculty of
Education at Anadolu University, as they were easily accessible Two different groups participated in the
study in the development process of the scale. The first group who participated in the EFA process
consisted of 439 pre-service teachers, while the second group who participated in the CFA process
consisted of 388 pre-service teachers. The total number of participants in the study was 827. Since this
number met the criteria mentioned in the relevant literature for scale development, no other sample was
searched.

EFA Participants: EFA participants were 439 pre-service teachers studying at different departments
and grades at Anadolu University, Faculty of Education. Of these pre-service teachers, 60.8% (n=267) were
female and 39.2% (n=172) male. The distribution of data on EFA participants by department, class and
gender is given in Table 1.

Table 1.
EFA Participants of the Scale for Identifying Perceptions of Having 21 Century Skills
Department
Grade Pri. Sch. ELT Art &Cr.  Soc. st. Psycho  Pri. Mat. FLT Spec. Ed. Total
F M F M F M F M F M F M F M F M
1 0 1 0 O 0 0 0 O 0 0 0 0 0 0 0 0 1
2 9 6 60 26 5 2 23 20 O 0 19 18 13 9 24 15 249
3 0 0 40 19 O 0 11 7 26 23 O 0 0 0 0 0 126
4 0 0o 3 1 0 0 32 25 1 0 1 0 0 0 0 0 63
Total 9 7 103 46 5 2 66 52 27 23 20 18 13 9 24 15 439

F: Female, M: Male, Pri. Sch.: primary school education, ELT.: English language teaching, Art& Cr.: arts and crafts
education, Psycho.: psychological counselling, Pri. Mat.: primary school mathematics teaching, FLT: French language
teaching, Spec Ed.: special education

CFA Participants: The participants of the CFA process of the scale were 388 pre-service teachers who
were excluded in the EFA process. 58% (n=225) of those pre-service teachers were female, and 42%
(n=163) were male. The distribution of data on CFA participants by department, class and gender is shown
in Table 2.

Table 2.
CFA Participants of the Scale for Identifying Perceptions of Having 21 Century Skills
Department
Grade Pri. Sch. ELT Art &Cr.  Soc. st. Psycho Pri. Mat. FLT Spec. Ed. Total
F M F M F M F M F M F M F M F M
1 22 20 45 29 0 0 24 20 O 0O 13 7 10 5 0 0 195
2 0 0 0 O 0 0 0O 0O 14 10 O 0 0 0 0 0 24
3 21 15 0 O 5 3 0 O 0 0 15 12 5 2 16 15 109
4 0 0 35 25 0 0 0 O 0 0 0 0 0 0 0 0 60
Total 43 35 80 54 5 3 24 20 14 10 28 19 15 7 16 15 388
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F: Female, M: Male, Pri. Sch.: primary school education, ELT.: English language teaching, Art& Cr.: arts and crafts
education, Psycho.: psychological counselling, Pri. Mat.: primary school mathematics teaching, FLT: French language
teaching, Spec Ed.: special education

Scale Development Process: The process was carried out by considering suggestions in relevant
literature referring to the importance of the validity and reliability studies (Can, 2016; Devellis, 2017; Seker
& Gengdogan, 2014; Sonmez & Alacapinar, 2016; Tekindal, 2015). The initial step involved a review of
literature followed by creation of an item pool based on the skills listed in the 215 century skills framework
developed by P21 (2009). A preliminary version of the five-point Likert-type scale, comprising a total of
96 items, was subsequently prepared based on the identified item pool.

To determine the content validity of the scale, the opinions of 7 experts experienced in scale
development processes were consulted. Three of these experts were from the field of measurement and
evaluation, three were from the curriculum development, and one was from the primary school teaching
program. Since the implementation dimension of the curriculum development process, which was the
other stage of the study, would be carried out with the students from the primary school teaching
program, the opinions of an expert experienced in scale development from this department were needed.
Following the expert opinions, the number of items was reduced to 76 and the final version of the scale
was prepared before the EFA.

Data Collection

The data collection process for the present study involved EFA and CFA stages, which were conducted
during the spring semester of the 2019-2020 academic year. The scale forms were administered by hand
to the participants during both stages. A total of 450 pre-service teachers were initially reached to
participate in the EFA, however, the scale was completed by 439 of them. Similarly, 400 individuals were
initially reached to participate in the CFA, with 388 of them completing the scale.

Data Analysis

The EFA was conducted using the SPSS to determine the factor number and loads of the scale. During
the EFA process, whether the sample size was sufficient or not was the first thing to examine. Several
researchers in the literature (Devellis, 2017; Sonmez & Alacapinar, 2016; Tekindal, 2015) suggested that
a sample of 200 people or quintuple of the number of items would be adequate to conduct a reliable
factor analysis. Given that 439 individuals answered the 76-item scale, it can be assumed that both
conditions were fulfilled. KMO and Bartlett test results were also studied on to find out the
appropriateness of the data set for factor analysis. Additionally, the Cronbach's alpha reliability coefficient
was calculated to evaluate the reliability of the scale following both the EFA and CFA processes. A detailed
report of the results is presented in the findings section of this study.

Findings

Research findings are reported in this section. The construct validity and reliability of the scale were
the main concerns while examining the findings.

Findings On the Construct Validity of the Scale
Primarily, EFA was conducted using the data gathered from 439 participants, and then CFA was done
with the data got from 388 participants to study on the scale in terms of construct validity.

Findings of Exploratory Factor Analysis

To find out whether the data collected was appropriate for factor analysis, Kaiser-Meyer-Olkin (KMO)
sample adequacy measurement and Bartlett test were applied prior to EFA. The closer the KMO value to
1 the more adequate the sample size is. The KMO value is interpreted as “good” between 0.80-0.90 and
“excellent” between 0.90-1.00 (Can, 2016; Sonmez & Alacapinar, 2016; Tekindal, 2015). The KMO value
was .869 in the present study. Thus, sample size was “good enough” with regards to the KMO value. The
Bartlett test value of sphericity was found to be significant (p<.05), and these findings revealed the data
to be suitable for the factor analysis.
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It is stated in the literature that eigen value, explained variance ratio and scree plot are the three criteria
required to determine the number of factors in the process of factor analysis (Blytikoztiirk, 2016).
Considering this, a rotated principal component analysis was conducted using the SPSS software package,
and the overlapping items and the items with a factor load below .4 were removed from the scale. As a
result, " Scale for Identifying Perceptions of Having 21% Century Skills" was developed with a 3-factor
structure and 19 items. Figure 2 shows the scree plot of the scale.
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Figure 2. Scree plot of the Scale for Identifying the Perceptions of Having 21 Century Skills

As it is revealed in Figure 2, there was a considerable drop after the third factor which confirmed the
three-factor structure. Along with the scree plot, another component that gives important information
regarding the analysis results is the table in which the total variance is explained. The total variance value
is given in Table 3 below.

Table 3.
Total Variance Value of the Scale

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
% of
Component Total % of Variance Cumulative % Total Variance Cumulative %
1 5.103 26.856 26.856 3.453 18.174 18.174
2 1.884 9.917 36.773 3.094 16.286 34.460
3 1.409 7.415 44,188 1.848 9.728 44.188
4 1.076 5.661 49.849
5 .996 5.240 55.088
6 912 4.798 59.887
7 .815 4.287 64.174
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.789
754
.675
.665
.632
.616
.585
535
471
413
.382
.289

4.154
3.968
3.555
3.500
3.324
3.241
3.080
2.816
2.480
2.172
2.013
1.522

68.328
72.296
75.851
79.351
82.676
85.917
88.997
91.813
94.293
96.465
98.478
100.000

As seen in Table 3, a structure that explained 44,188% of the total variance emerged. 0.45 and above
is accepted as a good criterion for social sciences in the literature. Moreover, it was stated that the limit
load value could be condensed to 0.30 or 0.40 as the minimum limit when the number of items get lower
(Bursal, 2019; Buyukoztirk, 2016; Cokluk et al., 2018). Considering these values, the item load value of
the scale can be said to be within the acceptable limits.

As the aim was to develop a measurement tool that could collect the maximum amount of information
with the least number of items by reducing the number of variables, and as the factor structures could be
related to each other, the maximum variability (varimax) technique, one of the vertical rotation methods,
was used in the process of determining the factor structure of the scale (Can, 2016; Tabachnick & Fidell,
2007). As a result of the analysis, the number of items in the scale was reduced to 19, and the "Scale for
Identifying Perceptions of Having 21t Century Skills" was finalized. The findings on the factor loadings of
the scale are given in Table 4.

Table 4.

Factor Loadings of the Scale

Factor Loading

Factor 1 Factor 2 Factor 3

ltem 41 .760

Iltem 76 .667

ltem 10 .621

ltem 3 .584

Item 49 .576

Item 45 .574

Item 30 .548

Iltem 53 .520

ltem 67 480

ltem 27 731

Iltem 16 .703

ltem 37 .697

ltem 5 .601

Iltem 66 .578

ltem 48 .562

Iltem 6 .530

ltem 62 .752
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Item 63 .638
ltem 38 .566

The three-factor structure that emerged from the EFA was found to be compatible with the three main
skill groups identified in the P21 framework. The first factor of the scale was formed by the life and career
skills dimension, which is one of these three main skill groups. The second and third factors were
information, media and technology literacy skills and learning and innovation skills dimensions,
respectively. This was considered a positive outcome for the quality of the scale because if each of the
sub-dimensions of the three main skill groups in the P21 framework emerged as a separate factor, the
scale would become very long considering the number of items and would deviate from the principle of
"collecting the most information with the least number of items". Table 5 provides some examples of
items from the scale along with their respective factors.

Table 5.
Some of the Items in the Scale
Factor One: Life and career skills

Item Number
1 | can express myself effectively in different forms and contexts.
4 I influence and direct others towards a specific goal.

Factor Two: Information, media and technology literacy/Digital skills

2 | understand how and for what purpose media messages are created.
3 | use technology as a means of researching, organizing, evaluating and communicating
information.

Factor Three: Learning and Innovation skills

9 | consider criticism as an opportunity to improve myself.
13 | am open to new ideas.

As for the relationship among the sub-dimensions, they were analyzed over the correlation
coefficients, and the correlation among the sub-dimensions of the scale was between .30 and .44, which
had a significant relationship at .01 level, and are given in Table 6.

Table 6.
Correlation Coefficients Among the Factors of the Scale
Information, media &  Learning & Innovation

Factors Life & Career skills technology literacy skills
/Digital skills
. . % 347
Life & Career skills 1 44
Information, media & i
technology literacy 44" 1 30
/Digital skills
Learning & Innovation R . 1
. .34 .30
skills
*p<.01

Findings of Confirmatory Factor Analysis

To find out whether the structure obtained through EFA was confirmed, CFA was done with the data
obtained from 388 participants. The CFA process was conducted using the SPSS AMOS 24 program. The
CFA findings were examined considering their acceptability in terms of the fit indices.
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The values obtained from the CFA results and the acceptability of these values in terms of the fit
indices (Anagln et al., 2016; Glrbuz, 2019; Kline, 2011) are given in Table 7.

Zilc);z?c;bi/ity Criteria for Fit Index Value Ranges Obtained After CFA
Examined Good Fit Criteria Acceptable Fit Obtained Result
Fit Indices Criteria Fit Indices
x2/df 0<yx2/df<2 2<x2/df<3 2.996 Acc. Fit
GFI .90 <GFI<£1.00 .85< GFI £90 .88 Acc. Fit
AGFI .90 < AGFI£1.00 .80< AGFI £.90 .85 Acc. Fit
CFI .95 <CFI<£1.00 90<CFI<.95 91 Acc. Fit
NFI 95 <NFI<£1.00 .90 < NFI £.95 77
NNFI (TLI) .95<NNFI< 1.00 .90 < NNFI £.95 .81
IFI 95<IFI<£1.00 90 <IFI£.95 .83
RMSEA .00sRMSEA< .05 .05sRMSEA< .08 .072 Acc. Fit
SRMR .00 < SRMR £.05 .05 <SRMR <£.10 .04 Good Fit
PNFI .95< PNFI £1.00 .50 < PNFI £.95 .67 Acc. Fit
PGFI .95< PNFI £1.00 .50 < PGFI £.95 .69 Acc. Fit

Examining the fit indices given in Table 8, it could be seen that the fit level of the model was sufficient.
The x2/df value in the model was 2.996. The fact that this ratio is below 3 indicates that the model is a
good one. In addition, as it can be seen in the table, Goodness of Fit (GFI) (.88), Adjusted Goodness of Fit
(AGFI) (.85), Comperative Fit Index (CFl) (.91), Root Mean Square Error of Approximation (RMSEA) (.072).
Parsimony Normed Fit Index (PNFI) (.67) and Parsimony Goodness of Fit Index (PGFI) (.69) values were at
acceptable levels, and the Standardized Root Mean Square Residual (SRMR) (.04) value showed a good fit
(Anagiin et al., 2016; Gurbuiz, 2019; Kline, 2011). Path diagram obtained after CFA is given in Figure 3.
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Figure 3. Path diagram of CFA findings of the Scale for Identifying the Perceptions of Having 21 Century
Skills

Deriving from the goodness of fit values, which were mostly acceptable and at a good level, the
proposed three-factor model can be said to be an acceptable one. Accordingly, these findings provide
support for the confirmation of the theoretical structure of the Scale for identifying Perceptions of Having
215t Century Skills.

Findings Regarding the Reliability of the Scale

Cronbach’s alpha (a) internal consistency coefficient was examined in order to examine the internal
reliability of the scale. Accordingly, the Cronbach’s Alpha value of the scale as a whole was found to be
.85. The Cronbach’s alpha value of the first factor of the scale, which consisted of items related to life and
career skills, was found to be .80, while the Cronbach’s alpha value of the second factor, consisting of
items related to information, media and technology literacy/digital skills, was found as .76. The
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Cronbach’s alpha value for the items related to learning and innovation skills, which constituted the third
factor of the scale, was found to be .66. Can (2016) stated that Cronbach’s alpha values between .60 and
.90 are quite reliable. Considering this, although the Cronbach’s alpha value of the third factor was
relatively low, it can be said that it is at a quite reliable level as the other factors.

Discussion & Conclusion

The Scale for Identifying the Perceptions of Having 215t Century Skills with a three-factor structure
consisting of a total of 19 items was developed for pre-service teachers. As a result of EFA, the scale was
found out to explain 44.188% of the total variance. The first factor of the scale that was about life and
career skills dimension consisted of 9 items; the second factor related to information, media and
technology literacy/digital skills dimension consisted of 7 items and the third factor related to learning
and innovation skills dimension consisted of 3 items. Considering the distribution of the items in the scale
with regards to the sub-dimensions of skills it was found out that 4 items were about leadership and
responsibility skills, which were sub-dimensions of life and career skills, 3 items were about social and
intercultural communication skills, and two items were about flexibility and adaptability skills and
productivity and accountability skills. As for the information, media and technology literacy/digital skills,
4 items were related to media literacy and 3 items were related to information and communication
technology (ICT) literacy. Examining the sub-dimensions regarding learning and innovation skills, there
were two items about critical thinking and problem-solving skills and one item about creativity and
innovation.

Another data collection procedure was carried out for CFA with a distinct group of participants
subsequent to EFA. Analysis of the CFA results indicated that the scale achieved satisfactory levels in terms
of indices of fit. The findings of reliability analysis performed after CFA revealed that the total reliability
coefficient of the scale was .85, indicating that the scale is a considerably reliable one (Can, 2016; Cokluk
et al,, 2018).

The scale, developed in the form of a five-point Likert type instrument, is answered by choosing one
of the five response options as never, rarely, sometimes, often and always to indicate their level of
agreement with the statements contained therein. The scale can be evaluated through the use of
descriptive statistics and mean scores. In addition, the difference between the upper and lower limits of
each range (i.e., .79) can be uniformly distributed, allowing for further analysis of the findings. The
suggested ranges for each response option can be as 1.00-1.80 for never; 1.81-2.60 for rarely; 2.61-3.40
for sometimes; 3.41-4.20 for frequently and 4.21-5.00 for always.

Examining the scale studies on 21% century skills in the literature, it was observed that the closest scale
in terms of purpose and content to the one developed in current study was the 'Scale of 21t Century
Competency Perceptions for Teacher Candidates' developed by Anagiin et al. (2016). Although it also has
a 3-factor structure, the factor structures are different from the ‘Scale for Identifying Perceptions of
Having 21 Century Skills' developed in this study. In the scale developed by Anagiin et al. (2016), learning
and innovation skills were found as the first factor; life and career skills as the second factor; and
knowledge, media and technology skills as the third factor. In the current study, the first factor was life
and career skills, the second factor was information, media and technology literacy/digital skills, and the
third factor was learning and innovation skills. It is thought that the difference in factor structures in both
studies was due to the distribution of scale items and the varying number of sub-dimensions of skills. For
example, life and career skills has the highest number of sub-skills among the skill groups included in the
P21 framework. It can be said that the emergence of this skill group as the first factor in the current study
is related to this and this makes the scale important in this context. However, considering that each pre-
service teacher had at least ten years of education and learning experience throughout their lives, it is
considered that the items related to learning and innovation skills had a low level of discriminative power
due to the high perception of possessing these skills and therefore this skill group remained as the third
factor. This situation is considered as one of the strong aspects of the scale as well. In this sense, it can be
said that the high perception of possessing life and career skills will contribute significantly to the teaching
of 21 century skills as well. The items regarding knowledge media and technology literacy in current
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study were rather designed for perceptions of having literacy skills in these areas than technology use. It
was observed that some of the items emerged under the second factor were similar to those in the one
developed by Anagiin et al. (2016).

The 21% century competencies scale developed by Yilmaz and Alkis (2019) is a scale aimed at university
students, developed with a four-subscale and seven-factor structure. In terms of purpose and scope the
scale differs significantly from the one developed in the current study. Subjects such as entrepreneurship,
personal finance, social systems, technology and engineering, bioenergy, media and health are expressed
as 215 century competencies in the scale. With its sub-skills such as knowledge, skills, character, and meta-
learning, it can be said that the target audience was kept more general compared to the scale developed
in the current study.

The '21%t Century Skills Teaching Scale' which was adapted to Turkish culture aims to determine self-
efficacy perceptions of pre-service teachers regarding the teaching of 21% century skills. Therefore, all of
the scale items were expressed in terms of adapting 21 century skills to education. The scale differs from
the one developed in the current study in that it focuses on teaching processes in the context of self-
efficacy perceptions, it is an adaptation study, and it was developed based on different perspectives on
21st century skills. Similarly, the 'self-management skills scale' developed by Kilig (2015) covers skill groups
particularly related to life and career skills only. The scale was developed for primary school students, and
differs from the scale developed in the current study in terms of its scope and target audience.

As aresult, as it can be observed from the literature, the number of scale development studies related
to 21st century skills continue to increase. Examining the available scales and taking the problem situation
into consideration, it was understood that it would be appropriate to develop a new scale, and within the
scope of this study, 'The scale for determining the perceptions of having 215 skills was developed. It can
be said that the scale is applicable both in terms of data obtained as a result of statistical analyzes and its
being user-friendly considering the number of items and the content.

Participants were limited to the students of Anadolu University, Faculty of Education. A comparative
analysis study to be conducted with a different participant group is considered to be beneficial.

Although the ‘Scale for Identifying Perceptions of Having 215t Century Skills’ was specifically developed
for pre-service teachers, it is believed that it may have broader applicability to adults over the age of 18.
Consequently, administering the scale to diverse occupational groups, with a particular focus on teachers
and pre-service teachers, is likely to generate valuable data that could significantly enrich both the scale
and the literature on 21 century skills. Furthermore, the use of the scale in assessing the perceptions of
teachers towards their own 21t century skills has the potential to encourage reflective practice and
promote professional development in this important area.
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Tiirkge Siirimui

Giris

21.yy.insanlik tarihi agisindan bircok alanda yeniliklerin yasandigi bir dénemdir. Bu yenilikler bireylerin
yasam bicimlerinde de kendini gosterirken beraberinde yeni birtakim beklenti ve gereksinimleri de
getirdigi sdylenebilir. Ozellikle egitim ve kariyer yasamlari boyunca bireylerin 21. yy. gereksinimlerini
yerine getirmeleri, potansiyel yeteneklerini gosterebilmeleri ve deyim yerindeyse, hayatta kalmalari igin
birtakim becerilerin gerekliligi vurgulanmistir (Chisholm, 2005). 21. yy. yeterlikleri/yetkinlikleri ya da 21.
yy. becerileri olarak adlandirilan bu beceriler, alanyazinda birgok kurulus ve arastirmaci tarafindan
(International Society for Technology in Education (ISTE), 2016; Griffin & Care, 2015; Partnership for 21st
Century Learning (P21), 2015; National Research Council (NRC), 2011; Organisation for Economic Co-
operation and Development (OECD), 2005; North Central Regional Educational Laboratory (NCREL) &
Metiri Group, 2003) tanimlanmaya ve belirlenmeye calisilmistir. Farkli bakis acilariyla ele alinmalarina
ragmen, bircok arastirmada ifade edilen 21. yy. becerilerinin biliylik olcliide benzerlik gosterdigi
soylenebilir.

Laar ve digerleri (2017), tarafindan dijital beceriler ve 21. yy becerileri tizerine yapilmis olan alan yazin
taramasinda 21. yy becerileri Gizerine son on bes yilda yayimlanmis olan 75 makaleden 35’inin 21. yy
becerileri kavramini tanimlama ya da aciklamaya odaklandigi belirtilmistir. Calismada 21. yy becerilerinin
alan yazinda en yaygin olarak problem ¢ézme, is birligi, elestirel disiinme, bilgi yonetimi, yaraticilik,
iletisim, teknolojiye yatkinlk becerileri, yasam boyu 6grenme, 6z-y6nlendirme, kiiltiirel ve etik farkindalik
ve esneklik becerileri olarak tanimlandigi gorilmdistir (Laar vd., 2017).

Ozgelik, (2019) 21. yy. yeterliklerinin bilesenlerini bilissel, meta bilissel, teknoloji, sosyal iliskiler,
duygular, degerler ve saglik okuryazarhgi olarak siralamistir. Teknoloji baglaminda dijital okuryazarlik ve
sosyal medyayl 6n plana cikarirken, bilissel baglaminda yaraticilik, elestirel diisiince, ¢oklu disiplin
suregleri ve finansal okuryazarligi meta bilissel baglaminda 6grenmeyi, duygular baglaminda dayaniklilik,
cesaret, gelisimsel zihniyet, risk alma ve duygusal zekayi 6n plana ¢ikarmistir. Degerler baglaminda iyilik,
adil olma ve durstlig, sosyal iliskiler baglaminda sosyal zek3, iletisim, is birligi, kiresel farkindalk ve
cevrimici aglari ve saglk okuryazarhgl baglaminda kisisel sorumluluk ve saglik bilgisini 6nemli unsurlar
olarak belirtmistir (Ozgelik, 2019).

21. yy. becerileri Gzerine Amerika Birlesik Devletleri basta olmak Ulzere gesitli Gilkelerde farkli projeler
ylratilmistir. Cogunlukla bir 21. yy. becerileri gergevesi olusturma amaci giiden bu projeler sonucunda
cesitli kuruluslarca farkliisimlerde ancak icerik olarak benzer 21. yy. becerileri gcergeveleri olusturulmustur.
Bunlar arasinda yaygin kabul gérenleri P21, NCREL ve Metiri Group, Amerika Universite ve Kolejler Birligi
(AACU) ve OECD tarafindan hazirlanmis olan ¢erceveler sayilabilir (Dede, 2010). Ayrica, 2009-2012 yillari
arasinda ABD, Singapur, Finlandiya, Avustralya, Hollanda ve Kosta Rika tarafindan ortaklasa yuritilen
ATC21S-Assessment and Teaching of 21st Century Skills (21. yy. Becerilerinin Degerlendirilmesi ve
Ogretimi) adli proje de beceriler konusunda gergeve calismasi yapan dnemli bir ¢alismadir. Bu proje
kapsaminda 21. yy. becerileri; beceriler, bilgi, tutumlar, etik ve degerlerden olusan dort ana kategoride
siniflandirilmistir. Bilgi kategorisi, dislinme bigimleri alt bashginda elestirel diisinme, yaraticilik ve
inovasyon, O0grenmeyi O0grenme, problem ¢dzme ve etkin karar alabilme ve ustbilis becerileriyle
iliskilendirilmistir. Beceriler kategorisi, calisma bicimleri adi altinda ifade edilmis olup iletisim ve is birligi
becerileriyle iliskilendirilmistir. Tutumlar, calisma araglari alt bashgiyla verilmis olup bilgi ve BIT
okuryazarliklari ile iliskilendirilmistir. Etik ve degerler diinyada yasama alt bashgiyla verilmis ve kiresel ve
yerel vatandaslik, kisisel ve sosyal sorumluluk ile yasam ve kariyer becerileriyle iliskilendirilmistir (Griffin
vd., 2012). ATC21S 21. yy. becerileri gergevesinin igerik bakimindan bir¢cok boyutuyla P21 tarafindan
gelistirilen cerceve ile benzerlikler gosterdigi sdylenebilir.
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21. yy becerilerinin belirlenmesi ve bu becerileri esas alan egitim programlari gelistirmeye yonelik
calismalar yapan P21-Partnership for 21st Century Learning (P21-21. yy Ogrenmesi icin Ortaklik) dnemli
bir otorite olarak goriilmekte ve P21 tarafindan gelistirilmis olan 21. yy becerileri ¢ergevesi alan yazinda
en cok kabul géren cercevelerden biri olarak degerlendirilmektedir (Alismail & McGuire, 2015; Beers,
2011; Soulé & Warrick, 2015). 21. yy diinyasinda bilgiyi 6gretmeye ek olarak problem ¢dzebilme, elestirel
dusiinebilme, gliclu iletisim ve is birligi icinde calisabilme gibi cesitli becerilerin de 6gretilmesi dnemlidir.
Bu noktada, P21(2009) tarafindan hazirlanan 21. yy 6grenme gergevesi, 6gretmenlere farkli boyutlarda
destekler sunabilecek nitelikte, 6§renen kazanimlari ve destek sistemlerini kapsayan bir semadir. Semanin
glincel strimi olan ikinci versiyonunun Tirkgelestirilmis hali Sekil 1'de verilmistir (P21, 2015, s.1).

~ Ogrenme ve inovasyon Becerileri;
Elestirel Diigtinme - Iletisim -
isbirligi - Yaraticilik

Anahtar Konular;
Okuma - Yazma - Matematik
ve
21.yy Temalan Bilgi, Medya
ve
Teknoloji
Becerileri

Yasam ve
Kariyer
Becerileri

Standartlar Egitim Programlari
ye o= Mesleki Geligim Ogrenme Ortamlari
Degerlendirmeler Ogretim

Sekil 1. P21 21. yy 6grenme gergevesi semasi giincel siiriimii (P21, 2015, s.1.)

P21, 21. yy. becerilerini belirlerken okuma, yazma ve matematigi dnceleyerek dil sanatlari, ingilizce dahil
dinya dilleri, ekonomi, devlet ve yurttaslik bilgisi, sanat, fen bilgisi, cografya ve tarih gibi iceriklerin
ogretiminde bu becerilerin kapsamli bir islevsellik saglayacak nitelikte olmasi gerekliligini de gbz 6niinde
bulundurmustur. Bu konulara ek olarak, akademik iceriklere mutlaka dahil edilmesi 6nerilen kiresel
farkindalk ve yurttashk, ekonomik, finansal, girisimcilik okuryazarligi, saghk ve cevre okuryazarhgindan
olusan 21. yy. disiplinlerarasi temalarinin 6nemine vurgu yapilmaktadir (P21, 2015; Triling ve Fadel, 2009).

P21 (2015 ve 2019) cergevesinde 21. yy. becerileri l¢ baslikta ifade edilmekte ve her grubun kendi
icerisinde gesitli alt becerileri bulunmaktadir. Bunlar, 6grenme ve inovasyon becerileri, bilgi, medya ve
teknoloji becerileri/dijital okuryazarlik ile yasam ve kariyer becerileri seklinde siralanmaktadir. Ogrenme
ve inovasyon becerileri, 21. yy. ortamlarinda mesleki ve sosyal yasama hazirlikli olan bireylerle olmayanlari
ayirt etmeyi saglayabilecek beceriler olarak da nitelendirilmektedir. Yaraticilik ve inovasyon, elestirel
dusiinebilme, iletisim ve is birligi kurabilme becerileri ile 6grenme ve inovasyon becerilerinin alt unsurlari
olarak siralanmaktadir. Bilgi, medya ve teknoloji becerileri/dijital okuryazarlik, bilgi okuryazarligi, medya
okuryazarligi ve BiT (Bilgi ve iletisim Teknolojileri) okuryazarligindan meydana gelmektedir. Uglincii beceri
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grubunu olusturan yasam ve kariyer becerilerini olusturan alt beceriler, inisiyatif ve 6z-yonlendirme,
esneklik ve uyum saglayabilme, uretkenlik ve hesap verebilirlik, sosyal ve kilturlerarasi iletisim becerileri
ile liderlik ve sorumluluk becerileridir (P21, 2015 ve 2019). Bu galisma ile gelistirilen “21. yy. Becerilerine
Sahip Olma Algilarini Belirleme Olgegi” icin madde yazim siirecinde, kapsami ve alanyazindaki &neminden
dolayi P21 tarafindan gelistirilen cerceve ve bu ¢ergevede yer alan beceri tanim ve agiklamalarina 6ncelik
verilmistir.

Alanyazindan da anlagildigi Uzere, endustri 5.0 kavraminin toplumlarin yasantisinda 6nemli yer etmeye
bagladigl 2010’lu yillarda 6zellikle dijital beceriler ekseninde 21. yy. becerileri, 21. yy. bireylerinin sahip
olduklari potansiyelleri sergileyerek gerek sosyal gerekse mesleki yasantilarinda nitelikli bir yasam
stirmeleri i¢in olduk¢a 6nemlidir (Giilen & Donmez, 2021; Yiicebalkan & Aksu, 2018). Bu baglamda, 21. yy.
becerilerine sahip olma konusundaki algilarina yonelik farkindaliklarinin 6gretmen adaylarinin becerilerini
daha etkin bir sekilde ise kosmalarini saglayacagi dusinilmektedir.

21. yy. becerilerinin modern yasamin bircok alaninda 6nemli bir etkiye sahip oldugu diisiintldigiinde,
toplumu olusturan bireylerin bu becerilerle donatilmis olarak yetistirilmesinde 6nemli bir role sahip olan
O0gretmenlerin de 21. yy. becerileri konusunda bilgi ve farkindaliklarinin gelistiriimesinin 6nemli oldugu
disinilmektedir. Bu baglamda, 6zellikle 6gretmen adaylarinin egitim siireglerinde 21. yy. becerilerine ve
bu becerilere sahip olma durumlarina yénelik bilgi ve farkindaliklarinin gelistirilmesinin toplumun gelecegi
agisindan olumlu katki saglayacag 6ngoriilmektedir. Ogretmen adaylarinin 21. yy. becerilerine sahip olma
durumlarinin olgekler aracihigiyla belirlenebilecegi disliniiimektedir. Bu baglamda, ilgili alanyazin
incelendiginde, Tiirkiye’de 21. yy. becerileri lzerine yapilan 6lcek gelistirme ve uyarlama cgalismasi
sayllarinin son yillarda artmakla birlikte, 6gretmen adaylarina yonelik calismalarinin sinirh diizeyde kaldigi
gorilmustir. Anagin ve digerleri (2016) tarafindan yuritllen 6lgek gelistirme galismasinda 6gretmen
adaylarinin 21. yy. becerilerine yonelik yeterlik algilarinin belirlenmesi amaglanmistir. Diger bir calismada
ise Atalay (2015) 21. yy. becerilerinin 6grenme ve yenilenme boyutuna odaklanan bir 6lgek gelistirme
calismasi yuritmistir. Bir baska o6lgek gelistirme calismasinda ise ilkokul 6grencilerinin 6z-yonetim
becerilerine odaklanilmistir (Kilic, 2015). Yilmaz ve Alkis (2019) alandan bagimsiz olarak (niversite
dgrencilerine yénelik ‘21.yy. Yeterlilikleri Olgegi’ni gelistirirken Ozyurt da (2020) ‘21. yy. becerilerinin
ogretimi’ 6lgeginin Tlrkge uyarlama galismasini yapmistir.

Alanyazindaki 6rnekler incelendiginde gelistirilen 6lgeklerle 21. yy. becerilerinin bir ya da sinirli birkag
alt boyutuna odaklanildigi, 21. yy. becerilerinin tamamina yonelik olanlarin ise becerilere sahip olma
algilarinin belirlenmesinde sinirli kaldigi gérilmustir. Calisma kapsaminda gelistirilen dlgegin 6gretmen
adaylarina yonelik P21 tarafindan belirlenen beceriler esas alinarak gelistirilecek olan 21. yy. becerilerinin
ogretimine yonelik ders programi tasarisinda gereksinim belirleme sirecinde de kullaniimasi
amaglanmistir. Bu nedenle, P21 tarafindan belirlenen beceriler esas alinarak yeni bir 6lgcek gelistirmenin
daha baglamsal ve anlamh olacagi disiinilerek 6gretmen adaylarinin 21. yy. becerilerine sahip olma
algilarini ortaya gikarmaya yonelik bir 6lgegine gereksinim oldugu sonucuna varilmistir. Mevcut ¢alismada
o6gretmen adaylarinin bu becerilere sahip olma algilarini bitiincil olarak ortaya ¢ikarmak igin “21. yy.

vep

Becerilerine Sahip Olma Algilarini Belirleme Olgegi”nin gelistiriimesi amaglanmistir.
Yontem

Bu bolimde arastirma modeli, 6rneklem, olgek gelistirme siireci, veri toplama ve analizi siireclerine
yonelik detaylar yer almaktadir.

Arastirma Modeli

Ogretmen adaylarinin 21. yy. becerilerine sahip olma algilarinin belirlenebilmesi amaciyla bir dlgek
gelistirme galismasi olarak yiritllen bu calismada Creswell (2014) tarafindan da 6nerilen nicel arastirma
yontemlerinden biri olan tarama yonteminden yararlaniimistir. Siire¢ yurutilirken izlenen adimlar
siraslyla sunlardir:

1. lgili alanyazinin taranmasi ve P21 cercevesi ekseninde 21. yy. beceri temalarinin olusturulmasi
2. Belirlenen temalar 1siginda madde havuzunun olusturulmasi
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Olgegin yapisinin belirlenmesi
Kapsam gecerliligi icin uzman gortsi alinmasi
Uzman gorusi sonrasi uygulamaya hazir hale getirilmesi
Olgegin pilot uygulamasi
Guvenirlik hesaplamalar
Acgimlayici faktor analizi sreci

L o N UAE W

Olgege son seklinin verilmesi
10. Dogrulayici faktor analizi sireci

Calisma Grubu

Olgek gelistirme siirecinde 6nemli olan nokta 6rneklem biyikligiiniin evreni temsil etmesi
gerektigidir (DeVellis, 2017; Sahin & Oztiirk, 2018). Bu baglamda, Nunnally (1978; akt. DeVellis, 2017)
orneklem calismalarinda 100 kisinin zayif, 200 kisinin orta, 300 kisinin yeterli, 500 kisinin ¢ok iyi ve 1000
kisinin mikemmel oldugunu belirtmistir. Arastirma siirecinde yapilacak olan analizler i¢in gerekli olan en
az saylya erisebilmek amaciyla hedefli 6rnekleme yontemlerinden maksimum cesitlilik ve kolay ulasilabilir
durum orneklemesi yéntemlerinden yararlanilmistir. Boylece Yildirnm ve Simsek (2013) tarafindan da
belirtildigi Uzere, lzerinde galisilan problemle ilgili olarak taraf olabilecek bireylerin gesitliliginin Gst
diizeyde yansitilmasi ve bu bireylere kolaylikla ulasilmasi amaglanmistir. Bu baglamda, ¢alismada
gelistirilen 6lcegin acimlayici faktér analizi (AFA) ve dogrulayici faktor analizi (DFA) siregleri ulasiimasi
kolay oldugu igin Anadolu Universitesi Egitim Fakiiltesi 6grencileriyle yapilmistir. Bu kapsamda, 6lgegin
gelistiriimesi sirecinde iki farkli katilimci grubu ile ¢alisiimistir. AFA siirecinin ylrGatialdaga 439 kisiden
olusan 6gretmen adayi grubu birinci grubu olustururken DFA'nin uygulandigi 388 kisilik 6gretmen adayi
grubu ikinci grubu olusturmustur. Calismanin toplam katilimci sayisi 827’dir. Bu sayi, Olgek gelistirme
baglaminda ilgili alan yazinda belirtilen &lgutleri karsiladigi i¢in bagka 6rneklem arayisina gidilmemistir.

AFA Katihmcilari: AFA katilimcilari Anadolu Universitesi, Egitim Fakiiltesi'nde cesitli bdliimlerde ve
siniflarda egitim gérmekte olan 439 kisiden olusmaktadir. Bu kisilerin %60.8’i (n= 267) kadin ve %39.2’si
(n= 172) erkektir. AFA katilimcilarina iliskin verilerin bolim, sinif ve cinsiyete gére dagilimi Tablo 1'de
verilmistir.

Tablo 1.
21. yy. Becerilerine Sahip Olma Algilarini Belirleme Olcedinin AFA katilimcilari
Bolim
Sinif  Sin. Ogr. ing. Resim  Sos.Bil. PDR  ilkég. Mat. Frans. Ozel Egt. Toplam
K E K E K E K E K E K E K E K E
1 0 1 0 O 0 0 0o O 0 0 0 0 0 0 0 0 1
2 9 6 60 26 5 2 23 20 O 0 19 18 13 9 24 15 249
3 0 0 40 19 O 0O 11 7 26 23 O 0 0 0 0 0 126
4 0 0o 3 1 0 0 32 25 1 0 1 0 0 0 0 0 63
Topl. 9 7 103 46 5 2 66 52 27 23 20 18 13 9 24 15 439

DFA Katilimcilari: DFA katilimcilari, AFA siirecine dahil edilmemis olan 388 6gretmen adayidir. Bu
kisilerin %58’i (n=225) kadin ve %42’si (n= 163) erkektir. DFA katilimcilarina iliskin verilerin bolim, sinif ve
cinsiyete gore dagilimi Tablo 2’de verilmistir.

Tablo 2.
21. yy Becerilerine Sahip Olma Algilarini Belirleme Olgedinin DFA katilimcilari
Boliim
Sinif ~ Sin. Ogr. ing. Resim  Sos.Bil. PDR  ilk6g. Mat. Frans. Ozel Egt. Toplam

K E K E K E K E K E K E K E K

E
1 22 20 45 29 0 0 24 20 O 0 13 7 10 5 0 0 195
2 0 0 0 o 0 0 0O 0 14 10 O 0 0 0 0 0 24
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3 2. 15 0 O 5 3 0 O 0 0 15 12 5 2 16 15 109
4 0 0 35 25 O 0 0 O 0 0 0 0 0 0O 0 0 60
Topl. 43 35 80 54 5 3 24 20 14 10 28 19 15 7 16 15 388

Olgek Gelistirme Siireci: Alan yazinda yer alan, gegerlik ve giivenirlik calismalarina ve dnemine ydnelik
oneriler (Can, 2016; Devellis, 2017; Sonmez & Alacapinar, 2016; Seker & Geng¢dogan, 2014; Tekindal,
2015;) gbz 6niinde bulundurularak, dlgek gelistirme sireci ylratilmustir. Buna gére dncelikli olarak ilgili
alan yazin taranmis ve P21 cercevesinde yer alan beceriler temel alinarak madde havuzunun
olusturulmasina karar verilmistir. Madde havuzuna gore toplam 96 maddeden olusan begsli Likert turi
olgegin ilk taslagi gelistirilmistir.

Olgegin, kapsam gecerliliginin belirlenmesi amaciyla, 6lcek gelistirme siireclerinde deneyim sahibi yedi
uzmanin gorisline basvurulmustur. Bu uzmanlardan tigli 6lgme ve degerlendirme alanindan, lic program
gelistirme alanindan ve biri sinif 6gretmenligi programindandir. Calismanin diger asamasi olan ders
programi gelistirme silrecinin uygulama boyutu sinif 6gretmenligi programi 6grencileriyle yirutilecegi
icin 6zellikle bu alandan da 6l¢ek gelistirme konusunda deneyim sahibi bir uzmanin gorislerine gereksinim
duyulmustur. Uzman gorisi sonrasinda madde sayisi 76’ya diisiirilmis ve Olgege AFA oncesi son sekli
verilmistir.

Verilerin Toplanmasi

Arastirmanin verileri AFA ve DFA igin iki farkli asamada toplanmistir. Her iki asamada da 6lgcek formlari
katilimcilara elden verilerek uygulanmistir. Calisma kapsaminda veriler 2019-2020 akademik yilinin bahar
doneminde toplanmistir. Bu kapsamda, AFA icin 450 kisiye ulasilmis, ancak bunlardan 439’u tarafindan
Olcek yanitlanmistir. DFA igin ise 400 kisiye ulagiimig, bunlardan da 388’i 6lgegi yanitlamistir.

Veri Analizi

Taslak 6lgek ile elde edilen veriler lizerinden faktor sayisi ve yiklerinin belirlenmesi igin SPSS programi
araciligiyla AFA yapilmistir. Analizlere drneklem biyikluginiin yeterli olup olmadiginin belirlenmesiyle
baslanmistir. Alanyazinda bir¢ok arastirmaci (Devellis, 2017; S6nmez & Alacapinar, 2016; Tekindal, 2015)
faktoér analizinin glvenilir olabilmesi icin 6rneklem sayisinin 200 kisi ya da madde sayisinin bes kati
oldugunda yeterli olabilecegini belirtmislerdir. Toplam madde sayisi 76 olan 6lgegi 439 kisinin yanitlamis
olmasi ile alanyazinda énerilen her iki durumun da gergeklestigi sdylenebilir. Calisma kapsaminda elde
edilen veri setinin faktoér analizine uygunlugunu tespit etmek amaciyla KMO ve Bartlett test sonuglari da
irdelenmistir. Ayrica 6lgegin yapi gegerliginin test edildigi AFA ve DFA siireclerinden sonra glivenirlik igin
Cronbach alpha guivenirlik katsayisi hesaplanmistir. Bu bilgiler bulgular kisminda verilmistir.

Bu bollimde arastirmadan elde edilen bulgular yer almaktadir. Bulgular, 6lgegin yapi gegerligine ve
glvenirligine yonelik bulgular olarak ele alinmistir.

Olgegin Yapi Gegerligine Yonelik Bulgular

Olgegin yap! gecerliliginin belirlenmesi icin dnce 439 katilimcidan elde edilen verilerle AFA ve daha
sonra da 388 katilimcidan elde edilen verilerle DFA yapilmistir.

Agimlayici Faktor Analizi Bulgulan

Elde edilen verilerin faktor analizine uygunlugunu belirlemek igin AFA 6ncesinde KMO ve Bartlett testi
uygulanmistir. KMO degeri 0 ile 1 arasinda degismekte olup, 1’e yaklastik¢a dérneklem buyukligi de o
kadar yeterli olarak kabul edilmektedir. 0.80-0.90 arasindaki KMO degeri “iyi” ve 0.90-1.00 arasindaki
KMO degeri ise “miukemmel” olarak kabul edilmektedir (Can, 2016; Sonmez & Alacapinar, 2016; Tekindal,
2015). Bu calismada bulunan KMO degeri .869 olup, bu veriden hareketle 6rneklem buyukligunin “iyi
derecede yeterli” oldugu soylenebilir. Bartlett testi kiresellik degeri anlamli (p< .05) olarak bulunmus
olup, verilerin bu baglamda da faktor analizine uygun oldugu dogrulanmistir.
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Alanyazinda fakt6r analizi siirecinde 6z deger (eigen value), agiklanan varyans orani ve cizgi/birikinti
grafiginin (scree plot) faktor sayisinin belirlenmesinde gerekli olan Ug¢ Ol¢lit oldugu belirtilimektedir
(Bliylikoztiirk, 2016). Bu durum dikkate alinarak SPSS paket programi araciliglyla yapilan donduriimis
temel bilesen analizi ile 6lgekteki binisik maddeler ve faktor yiikii ,4’(in altinda olan maddeler 6lgekten
cikanimistir. Boylece, 3 faktorli yapiya sahip, 19 maddeden olusan “21. yy Becerilerine Sahip Olma
Algilarini Belirleme Olgegi” gelistirilmistir. Sekil 2’de dlgege ait cizgi/birikinti grafigi verilmistir.

4

34

Eigenvalue

24

Scree Plot
1 1 ] ] ] 1 1 1 I 1 1 I | 1 1
3 4 7 8 9 10 11 12 13 14 15 16 17 18 19
Component Number

Sekil 2. Olcedin cizgi/birikinti grafigi (Scree plot)

Sekil 3'te goriildigi gibi, Gglincl faktdrden itibaren kirllma ve egimin azalmakta oldugu ve faktérlerin
birbirine yakin degerler tasimakta oldugu belirlenmistir. Cizgi grafigi ile birlikte, analiz sonuglarina yonelik
dnemli bilgiler veren bir diger unsur da toplam varyansin agiklandigi tablodur. Olgege ait toplam varyans

degeri asagida Tablo 3’te verilmistir.

Tablo 3.

Olgedin Toplam Varyans Degeri

Baslangi¢ Ozdegeri Dondiirilmiis Faktor Yiik Degerleri Toplamlari
Bilesenler Toplam  Varyansin % Kimiilatif % Toplam Varyansin % Kimiilatif %
1 5.103 26.856 26.856 3.453 18.174 18.174
2 1.884 9.917 36.773 3.094 16.286 34.460
3 1.409 7.415 44,188 1.848 9.728 44.188
4 1.076 5.661 49.849
5 .996 5.240 55.088
6 912 4.798 59.887
7 .815 4.287 64.174
8 .789 4.154 68.328
9 .754 3.968 72.296
10 .675 3.555 75.851
11 .665 3.500 79.351
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12 .632 3.324 82.676
13 .616 3.241 85.917
14 .585 3.080 88.997
15 535 2.816 91.813
16 471 2.480 94.293
17 413 2.172 96.465
18 .382 2.013 98.478
19 .289 1.522 100.000

Tablo 3’te gorluldugl Uzere, AFA sonrasinda ortaya cikan yapi toplam varyansin %44.188’ini
actklamaktadir. Alan yazinda 0.45 ve (izerinin sosyal bilimler igin iyi bir 6l¢it oldugu kabul edilirken, madde
sayisi az oldugunda bu sinir degerin 0.30°a kadar dusurilebilecegi hatta en az .40 olabilecegi
belirtilmektedir (Bursal, 2019; Buytikoztiirk, 2016; Cokluk vd., 2018;). Alan yazinda belirtilen bu degerler
gbz oniinde bulunduruldugunda madde yiik degerleri bakimindan 6lgegin kabul edilebilir diizeyde oldugu
soylenebilir.

Olgegin faktdr yapisinin belirlenmesi siirecinde amacin degisken sayisinin azaltilarak en az maddeyle
en fazla bilgiyi toplayabilecek bir 6lgme araci gelistirmek olmasi ve faktor yapilarinin birbiriyle iliskili
olabileceginin disliniilmesi nedeniyle bu silirecte dik dondiirme yontemlerinden biri olan maksimum
degiskenlik (varimax) teknigi kullanilmistir (Can, 2016; Tabachnick & Fidell, 2007). Analiz sonucunda

dlcekteki madde sayisi 19’a diisiiriilerek “21. yy Becerilerine Sahip Olma Algilarini Belirleme Olgegi”ne son
sekli verilmistir. Olcegin faktér yiklerine iliskin bulgular Tablo 4’te yer almaktadir.

Tablo 4.
Olgegin Faktor Yiikleri
Faktor Yukii

Faktor 1 Faktor 2 Faktor 3
Madde 41 .760
Madde 76 .667
Madde 10 .621
Madde 3 .584
Madde 49 .576
Madde 45 .574
Madde 30 .548
Madde 53 .520
Madde 67 .480
Madde 27 731
Madde 16 .703
Madde 37 .697
Madde 5 .601
Madde 66 .578
Madde 48 .562
Madde 6 .530
Madde 62 752
Madde 63 .638
Madde 38 .566

118



Durmus & Giiven — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 99-125

AFA ile ortaya ¢ikan Ug faktorlii yapinin P21 gercevesinde yer alan g temel beceri grubuyla uyumlu
oldugu goérilmistir. Olgegin birinci faktériini bu l¢ temel beceri grubundan biri olan yagsam ve kariyer
becerileri boyutu olusturmustur. ikinci ve Gglincii faktérlerini ise sirasiyla bilgi, medya ve teknoloji
okuryazarligi becerileri ile 6grenme ve inovasyon becerileri boyutlari olusturmustur. Bu durumun olgegin
niteligi agsindan olumlu bir durum oldugu degerlendirilmistir. Zira P21 ¢ercevesinde yer alan ¢ temel
beceri grubunun alt boyutlarindan her birinin ayri bir faktér olarak ortaya ¢ikmasi durumunda 6lgegin
madde sayisi bakimindan oldukga uzun ve ‘en az maddeyle en fazla bilgiye ulasma’ ilkesinden uzaklasacagi
ongoriulmistir. Tablo 5'te Olgege ait maddelerden bazilar ilgili olduklari faktorle birlikte 6rnek olarak
verilmistir.

Tablo 5.
Olcekte Yer Alan Maddelerden Bazilari
Birinci Faktor: Yagsam ve kariyer becerileri

Madde No
1 Farkh bicim ve baglamlarda kendimi etkili bir sekilde ifade ederim.
4 Belirli bir hedef dogrultusunda baskalarini etkiler ve yonlendiririm.
ikinci Faktor: Bilgi, medya ve teknoloji okuryazarligi/Dijital beceriler
2 Medya mesajlarinin nasil ve ne hedefle olusturuldugunu anlarim.
3 Bilgiyi arastirma, diizenleme, degerlendirme ve iletmede teknolojiyi bir ara¢ olarak
kullanirim.

Uglincii Faktor: Ogrenme ve inovasyon becerileri

9 Elestirileri kendimi gelistirme icin birer firsat olarak goértrim.
13 Yeni fikirlere agigimdir.

Olgegin alt boyutlar arasindaki iliski, korelasyon katsayilari incelenerek irdelenmistir. Buna gore,
olcegin alt boyutlari arasindaki .30 ile .44 arasinda; .01 diizeyinde anlamli bir iliskiye sahip bir korelasyon
bulunmustur. Bu bulgulara ait veriler Tablo 6’da verilmistir.

Tablo 6.
Olcegin faktérleri arasindaki korelasyon katsayilari

Ogrenme ve inovasyon

Faktorl Yasam ve Kariyer Bilgi, Medya ve
aktorler I
Becerileri Teknoloji okuryazarhg Becerileri
Yasam ve Kariyer *
$ 've Y 1 A% 34
Becerileri
Bilgi, Medya ve R *
g : Y ) a4 1 .30
Teknoloji okuryazarligi
Ogrenme ve inovasyon . .
grenme y 34 30 1
Becerileri
*p<.01

Dogrulayici Faktor Analizi Bulgulari

AFA sonucunda elde edilen yapinin dogrulanip dogrulanmadigini sinamak amaciyla 388 katilimcidan
elde edilen verilerle dogrulayici faktor analizi (DFA) yapilmistir. DFA slrecinde SPSS AMOS 24
programindan yararlaniimistir. DFA ile elde edilen degerler, bu degerlerin alan yazinda belirtilen uyum
indekslerine gore kabul edilebilirlik durumlarina gére irdelenmistir. Uyum indekslerine goére kabul
edilebilirlik dlgutleri (Anagiin vd., 2016; Gurbiiz, 2019; Kline, 2011;). Tablo 7'de verilmistir.
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Tablo 7.
DFA Sonrasinda Elde Edilen Uyum Indeks Deder Araliklari Kabul Edilebilirlik Olgiitleri
incelenen iyi Uyum Olgiitleri Kabul Edilebilir Elde Edilen Sonug
Uyum Uyum Olgiitleri Uyum indeksleri
indeksleri
x2/sd 0<x2/sd<2 2<x2/sd<3 2.996 Kabul edilebilir
GFI 90<GFI<£1.00 .85< GFI £90 .88 Kabul edilebilir
AGFI .90 <AGFI £1.00 .80< AGFI £.90 .85 Kabul edilebilir
CFI .95 < CFI<1.00 .90 < CFI £.95 91 Kabul edilebilir
NFI 95 <NFI<£1.00 90 < NFI£.95 77
NNFI (TLI) .95<NNFI£ 1.00 .90 < NNFI £.95 .81
IFI 95<IFI<£1.00 90<IFI£.95 .83
RMSEA .00<RMSEA< .05 .05<RMSEA< .08 .072 Kabul edilebilir
SRMR .00 £ SRMR £.05 .05<SRMR .10 .04 iyi
PNFI 95< PNFI<£1.00 .50 < PNFI £.95 .67 Kabul edilebilir
PGFI .95< PNFI<£1.00 .50 < PGFI £.95 .69 Kabul edilebilir

Uyum indeksleri incelendiginde uyum diizeyi baglaminda modelin yeterli oldugu soylenebilir. Uyum
indekslerine goére x2/sd degerinin 3’ln altinda olmasi, modelin kabul edilebilir uyumda oldugunu
gosterirken mevcut ¢alismada elde edilen 2.996 degeri bu baglamda kabul edilebilirlik gostermektedir.
Bununla birlikte, tabloda kabul edilebilir diizeyde olan diger degerler, Goodness of Fit (GFl) (.88), Adjusted
Goodness of Fit (AGFI) (.85), Comperative Fit Index (CFI) (.91), Root Mean Square Error of Approximation
(RMSEA) (.072), Parsimony Normed Fit Index (PNFI) (.67) ve Parsimony Goodness of Fit Index (PGFI) (.69)
olarak siralanmaktadir. Tabloda iyi uyum gosteren tek deger ise Standardized Root Mean Square Residual

(SRMR) (.04) degeridir. Bulgulara iliskin Path semasi Sekil 3’te verilmistir.
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CMIN=446,449; P=0.000; CMIN/DF= 2,996; CFI=,836; RMSEA=.072; RMR=.047

Sekil 3. Olcede ait DFA sonuglari

DFA sonucunda elde edilen uyum iyiligi degerlerinin ¢ogunlukla kabul edilebilir ve iyi dizeyde
olmasindan hareketle, 6nerilen modelin kabul edilebilir nitelikte oldugu ve gelistirilen dlgegin dngorilen

kuramsal yapisinin dogrulandigini séylenebilir.

Olgegin Giivenirligine iliskin Bulgular

Gergeklestirilen analizler sonucunda toplam 19 maddeden olusacak sekilde son hali verilen 6lgegin i
givenirligini incelemek amaciyla Cronbach alfa (a) i¢ tutarlik katsayisina bakilmis ve 6lgegin biitiin olarak
Cronbach alfa degeri .85 olarak bulunmustur. Olcegin yasam ve kariyer becerilerine yonelik maddelerden
olusan birinci faktoriiniin Cronbach alfa degeri .80 olarak bulunurken bilgi medya ve teknoloji
okuryazarhgi/dijital becerilere ydnelik maddelerden olusan ikinci faktoriiniin Cronbach alfa degeri .76
olarak bulunmustur. Olcegin lciincii faktdériinii olusturan 6grenme ve inovasyon becerilerine yonelik
maddelere iliskin Cronbach alfa degeri ise .66 olarak bulunmustur. Can (2016) .60 ile .90 arasi Cronbach
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alfa degerlerinin oldukga glivenilir oldugunu belirtmektedir. Bu baglamda, her ne kadar tglinci faktore ait
Cronbach alfa degerinin gorece diisiik oldugu goriilse de onun da diger faktorler gibi oldukga giivenilir
dizeyde oldugu sdylenebilir.

Tartisma ve Sonug

Bu calisma kapsaminda 6gretmen adaylarina yonelik, 19 maddeden olusan g faktérli yapiya sahip “21.
yy Becerilerine Sahip Olma Algilarini Belirleme Olgegi” gelistirilmistir. AFA sonucunda 6lcegin %44.188’lik
varyansi agikladigi gorilmistiir. Madde dagilimlari agisindan bakildiginda, 6lgegin yasam ve kariyer
becerileri boyutu ile ilgili birinci faktori dokuz maddeden, bilgi, medya ve teknoloji okuryazarligi/dijital
beceriler boyutu ile ilgili ikinci faktorii yedi maddeden ve 6grenme ve inovasyon becerileri boyutu ile ilgili
liciinct faktori de ic maddeden olusmaktadir. Becerilerin alt boyutlari baglaminda 6lgekteki maddelerin
dagihmlari degiskenlik gostermektedir. Birinci faktor olan yasam ve kariyer becerilerinin liderlik ve
sorumluluk becerileri alt boyutuyla iliskili dort madde bulunurken, sosyal ve kiltirler arasi iletisim
becerileriile iliskili G, esneklik ve uyum saglama becerileri ve liretkenlik ve hesap verebilirlik becerileri ile
ilgili birer madde bulunmaktadir. ikinci faktér olan bilgi, medya ve teknoloji okuryazarhgi/dijital beceriler
baglaminda ise dért maddenin medya okuryazarligi ve (ic maddenin ise BiT okuryazarligi ile iligkili oldugu
bulunmustur. Uglincii faktdér olan 6grenme ve inovasyon becerileri baglaminda ise elestirel diisiinme ve
sorun ¢ozme becerileriyle ilgili iki, yaraticilik ve inovasyon becerileriyle ilgili bir madde bulunmaktadir.
AFA sonrasinda farkl bir katiimci grubu ile yiritilen veri toplama sireci sonrasinda uygulanan DFA
sonuglari baglaminda degerlendirildiginde olgegin uyum iyiligi degerlerini blyik 6lglide karsiladigl
gorulmektedir. DFA sonrasinda yapilan givenirlik analizinde 6lgegin toplam givenirlik katsayisinin .858
olarak bulunmus olmasinin 6lgcegin oldukcga glivenilir bir 6lcek oldugunu gostermistir (Can, 2016; Cokluk
vd., 2018).

Besli likert tiriinde hazirlanan 6lgek, icerdigi ifadelere yonelik, hicbir zaman, nadiren, bazen, sik sik ve her
zaman seklindeki yanitlardan birini secmek suretiyle yanitlanmaktadir. Olgegin degerlendirilmesinde
betimsel analizlerden ve aritmetik ortalamalardan yararlanilabilir. Degerlendirmeler yapilirken her bir
araligin alt ve Ust siniri arasindaki farkin esit sekilde (0.79) dagitilarak; hicbir zaman icin 1.00-1.80; nadiren
icin 1.81-2.60; bazen igin 2.61-3.40; sik sik i¢in 3.41-4.20 ve her zaman i¢in 4.21-5.00 olarak uygulanmasi
mimkinddr.

Alanyazinda 21. yy becerileri Gzerine yapilan 6lgek ¢alismalari incelendiginde, mevcut calisma ile
gelistirilen Olcege amag ve icerik bakimindan en yakin 6lgegin Anagiin ve digerleri (2016) tarafindan
gelistirilen ‘Ogretmen adaylarina yénelik 21. Yiizyil yeterlik algilari 6lcegi’ oldugu gériilmistir. Bu 6lgek de
lic faktorli yapiya sahip olmakla birlikte faktor yapilari mevcut ¢alisma ile gelistirilen ‘21. yy becerilerine
sahip olma algilarini belirleme olcegi’'nden farklidir. Anagiin ve digerleri (2016) tarafindan gelistirilen
olcekte 68renme ve yenilenme becerileri birinci faktér olarak, yasam ve kariyer becerileri ikinci faktor
olarak, bilgi, medya ve teknoloji becerileri ise tglinci faktor olarak bulunmustur. Mevcut calismada ise
birinci faktor yasam ve kariyer becerileri, ikinci faktor, bilgi, medya ve teknoloji okuryazarhgi/dijital
beceriler ve liglinci faktor olarak da 6grenme ve inovasyon becerileri bulunmustur. Her iki calismadaki
faktor yapilarinin farkhliginin 6lgek maddelerinin dagilimdan ve becerilerin alt boyutlarinin farkl sayida
olmasindan kaynaklandigi diisiiniilmektedir. Ornegin, yasam ve kariyer becerileri P21 gercevesinde yer
alan beceri grubu icerisinde en fazla alt beceriye sahip olan st beceri grubudur. Mevcut ¢alismada bu
beceri grubunun birinci faktoér olarak ortaya ¢cikmasinin bununla iliskili oldugu ve bu baglamda 6l¢egi de
onemli kildigi séylenebilir. Bununla birlikte, 6gretmen adaylarinin her birinin yasamlari boyunca en az on
yillik egitim ve 6grenim deneyimleri oldugu disilinildigiinde 6grenme ve inovasyon becerilerine sahip
olma algilarinin yiksek olmasi nedeniyle maddelerin ayirt edicilik diizeyinin dlsik ¢iktig ve bu nedenle de
bu beceri grubunun (glinct faktér olarak kaldigi degerlendirilmektedir. Bu durumun da 6lgegin gliclu
yonlerinden biti oldugu distinilmektedir. Zira, 6gretmen adaylarinin 21. yy becerilerinin 6gretimine katki
sunmalari bakimindan yasam ve kariyer becerilerine sahip olma algilarinin yiiksekliginin 6nemli bir katki
saglayacagl soylenebilir. Bilgi medya ve teknoloji okuryazarhg baglaminda mevcut ¢alismada yer alan
maddeler, teknoloji kullanimindan ziyade daha cok bu alanlara yonelik okuryazarliklar sahip olma
algilarina yénelik olarak diizenlenmistir. ikinci faktér yapisi altinda ortaya ¢ikan bu maddelerden
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bazilarinin  Anagin ve digerleri (2016) tarafindan gelistirilen 6lgektekilerle benzerlik gosterdigi
gorilmustir.

Yilmaz ve Alkis’in (2019) gelistirdikleri 21. yy yeterlilikleri 6lgegi, dort alt dlgek ve yedi faktorli yapida
gelistirilmis olan tiniversite 6grencilerine yénelik bir élcektir. Olgek mevcut ¢alisma kapsaminda gelistirilen
dlgekle amac ve kapsam bakimindan énemli 6lgiide farkhliklar arz etmektedir. Olgekte 21. yy yeterlilikleri
olarak kisisel finans, girisimcilik, medya, sosyal sistem, saglik, teknoloji ve mihendislik, biyoenerji gibi
konular ifade edilmektedir. icerik olarak bilgi, beceri, karakter ve metaégrenme gibi alt becerilere sahip
olan 6lgekte mevcut galigsma ile gelistirilen 6lgege gore hedef kitlenin daha genel tutuldugu sdylenebilir.
Ozyurt (2020) tarafindan yapilan uyarlama calismasi ile olusturulan 21. yy becerileri dgretimi dlcegi’
O0gretmen adaylarinin 21. yy becerilerinin 6gretimine yoénelik 6z yeterlik algilarini belirlemeyi
amaglamaktadir. Bu nedenle, 6lgek maddelerinin tamami 21. yy becerilerinin egitime uyarlanmasi
seklinde ifade edilmistir. Oz yeterlik algilari baglaminda 6gretim siireclerine odaklanmis olmasi, bir
uyarlama calismasi olmasi ve 21. yy becerilerinin farkli bakis agilariyla belirlenmis olmasi ile bu 6lcek,
mevcut calisma ile gelistirilen dlgcekten ayrismaktadir. Benzer sekilde, Kilig (2015) tarafindan gelistirilen
‘6z-yonetim becerileri 6lgegi’ 21. yy becerilerinden 6zellikle yasam ve kariyer becerileri basligi altinda ele
alinan beceri gruplarini kapsamaktadir. Olgek ilkokul 6grencilerine yénelik olarak gelistirilmistir. Kapsami
ve hedef kitlesi bakimindan mevcut ¢alismada gelistirilen 6lgekten farklidir.

Sonug olarak, alan yazindan da gorildiuga tizere 21. yy becerileri ile ilgili olarak 6lgek gelistirme ¢alisma
sayllari artarak devam etmektedir. Ulasilabilen o6lgekler incelendiginde ve problem durumu goze
alindiginda yeni bir Olgek gelistirme calismasi yapmanin uygun olacagl 6n gorlilmis ve bu calisma
kapsaminda ‘21. yy becerilerine sahip olma algilarini belirleme o6lcegi’ gelistirilmistir. Olcegin gerek
istatistiksel analizler sonucu elde edilen veriler bakimindan, gerekse madde sayisi ve igerik agisindan
kullanici dostu olmasi bakimindan uygulanabilir oldugu sdylenebilir.

Calismanin katiimcilart Anadolu Universitesi Egitim Fakiltesi grencileriile sinirhidir. Farkli bir katihmc
grubu ile yapilacak olan bir karsilastirmali analiz ¢calismasinin yararl olacagi dustnilmektedir. “21. yy
Becerilerine Sahip Olma Algilarini Belirleme Olcegi” her ne kadar ¢alisma kapsaminda 8gretmen adaylarina
yonelik olarak gelistirilmis olsa da olgcegin 18 yas Uzeri tim yetiskin bireylere uygulanabilecegi
distuntlmektedir. Sonug olarak, olcegin farkli meslek gruplarina, 6zellikle 6gretmenlere ve 6g8retmen
adaylarina odaklanarak uygulanmasi hem olgcegi hem de 21. ylzyil becerilerine iliskin alan yazini 6nemli
olglide zenginlestirebilecek degerli veriler Uretecektir. Ayrica, 6lgegin 6gretmenlerin kendi 21. yizyil
becerilerine yonelik algilarini degerlendirmede kullaniimasi, bu dnemli alanda yansitici uygulamayi tesvik
etme ve mesleki gelisimi destekleme potansiyeline sahiptir.

Yazar Katki Orani
Arastirmaya her iki yazar da esit oranda katki saglamislardir.
Etik Beyan

Bu arastirma, Anadolu Universitesi Sosyal ve Beseri Bilimler, Bilimsel Arastirma ve Yayin Etigi
Kurulu’unun 24.10.2018 tarih ve 16/30 sayili Etik Kurul karari ile alinan izne istinaden doktora tez ¢alismasi
kapsaminda yiratilmustir. “Yuksekdgretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer
alan tim kurallara uyulmus ve ydnergenin ikinci boliminde yer alan “Bilimsel Arastirma ve Yayin Etigine
Aykiri Eylemlerden” higbiri gerceklestirilmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar catismasi bulunmadigini beyan
etmektedirler.
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Research Article

This study aims to investigate the predictive power of teachers’ perceptions of
autonomy on the term grade of high school students and differences in terms of school
type and field of instruction. The study groups of this research, which was carried out
with a predictive design and survey design among the quantitative research methods,
included 230 teachers working in state high schools in affiliated with the Turkish
Ministry of National Education in Battalgazi and Yesilyurt in Malatya Province and 3005
students enrolled in the 11th grade at those schools. The teachers’ data were obtained
via the Teacher Autonomy Perception Scale developed by the researchers. The students’
data consisted of term grade for 11th grade students in the 2020-2021 academic year.
According to multiple regression analysis, the scale factors of autonomy in the
classroom, autonomy at school and professional autonomy together explained 7% of
the change in students’ term grade. While the autonomy at school score was a
significant predictor of students’ term grade, autonomy in the classroom and
professional autonomy were not significant predictors. Regarding to Kruskal-Wallis H
test findings, while there was a significant difference in teachers’ perceptions of
autonomy at school in terms of school type, there was no significant difference in their
perceptions of autonomy in the classroom or professional autonomy. According to
MANOVA findings, there was a significant difference in teachers’ perceptions of
autonomy in the classroom in terms of field of instruction but no significant difference
in their perceptions of autonomy at school or professional autonomy. The findings of
this research might provide guidance for researchers, curriculum development experts,
policymakers, academics in teacher training institutions, and other relevant
stakeholders.
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Ogretmen Ozerkligi,

Arastirmanin amaci, 6gretmenlerin 6zerklik algisinin ortadgretim 11. sinif 6grencilerinin
doénem sonu basari puanini yordama giliciiniin ve 6gretmenlerin 6zerklik algisinin okul
tird ve alan turtne gore farklilasma durumunun incelenmesidir. Nicel arastirma
yontemi gergevesinde yordayici desenin ve tarama modelinin kullanildigi arastirmanin
galisma gruplarini, Malatya ilinin Battalgazi ve Yesilyurt merkez ilgelerinde MEB’e bagh
orta6gretim kurumlarinin 11. sinifinda 6grenim géren 3005 6grenci ve bu okullarda
gorev yapan 230 Ogretmen olusturmustur. Arastirmada 6gretmenlere iliskin veriler,
arastirmacilar tarafindan gelistirilen Ogretmen Ozerkligi Algi Olgegi’nden elde edilmistir.
Ogrencilerin verilerini ise 2020-2021 6gretim yili birinci dénem sonu basari puani
olusturmustur. Coklu regresyon analizine gore sinifta 6zerklik, okulda 6zerklik ve mesleki
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Sinifta Ozerklik, ozerklik degiskenleri birlikte 6grencilerin donem sonu basari puanindaki degisimin
Okulda Ozerklik, %7’sini agiklamigtir. Okulda 6zerklik degiskeni, 6grencilerin ddnem sonu basari puanini
Mesleki Ozerklik, yordarken sinifta 6zerklik ve mesleki 6zerklik degiskenleri yordamamistir. Kruskall-Wallis
Dénem Sonu Basari Puani. H testi bulgularina gére 6gretmenlerin okulda 6zerklik algilarinda okul tiriine goére

anlaml farklihk varken sinifta 6zerklik ve mesleki 6zerklik algilarinda anlamli farkhhk
Arastirma Makalesi yoktur. MANOVA testi bulgularina gére 6gretmenlerin sinifta 6zerklik algilarinda alan

tirine gore anlamh farklilik varken okulda 6zerklik ve mesleki 6zerklik algilarinda
anlaml farklilk yoktur. Arastirma bulgularinin arastirmacilara, program gelistirme
uzmanlarina, politikacilara, 6gretmen yetistiren kurumlardaki egitimcilere ve ilgili
paydaslara isik tutmasi beklenmektedir.

Introduction

Teacher autonomy, which is defined as the ability of teachers to make decisions freely within the
framework of their self-efficacy and responsibilities in their professional activities, has become a
frequently discussed and emphasized concept in the field of education. Street (1988) defined teacher
autonomy as the ability of a teacher to make independent decisions in the classroom by using
discretionary power and limited this concept to the classroom setting. Similarly, Benson (2007) defined
teacher autonomy as the freedom of a teacher to make decisions while implementing the curriculum,
while Friedman (1999) argued that teacher autonomy includes the right to have a say in the functioning
of the school and administrative activities. Wilches (2007) expanded the definition and described teacher
autonomy as teachers having individual freedom and using discretion in school decisions. According to
another definition, this concept entails teachers having the freedom and competence to make decisions
about educational issues within the framework of certain principles and rules (Colak, 2016). In this
context, the concept of teacher autonomy, which has expanded over time, can be defined as “the area of
authority and freedom that teachers have in planning, implementing, and making decisions about their
professional activities” (Oztiirk, 2011, p. 82). Therefore, it can be said that while the concept of teacher
autonomy was seen as a type of independence isolated from external factors in the past, its meaning has
expanded over time to include both classroom and school environments and administrative processes.

The ILO/UNESCO Recommendation concerning the Status of Teachers (cited in ILO/UNESCO, 2016)
states that teachers should have freedom in their professional activities and that they have important
roles in the selection of textbooks, teaching materials, methods, and techniques. According to a European
Commission document titled “Levels of Autonomy and Responsibilities of Teachers in Europe,” the scope
of teacher autonomy includes determining the content of the curriculum, making decisions about student
assessments, and selecting textbooks, teaching strategies, methods, and techniques (Eurydice, 2008).
When the status of teacher autonomy in European countries is examined, it can be seen that teachers
take active roles in the decision-making processes for course content, grade repetition, and student
progress (Eurydice, 2013). However, according to the United Nations Educational, Scientific and Cultural
Organization’s (UNESCO) Global Education Monitoring Report (cited in Education Reform Initiative, 2017),
teacher autonomy in Turkey has been declining. It is also stated that Turkey is one of the countries where
teachers have the least say in decision-making processes regarding course content.

In Turkey, the framework curriculum determined by the Ministry of National Education (MoNE) is
implemented. Yavuz (2016) noted that this curriculum does not grant teachers discretionary power and
does not allow them freedom. Similarly, the centralized determination of textbooks and instructional
content as required by legislation in Turkey is contrary to the nature of teacher autonomy (Sunar, 2018).
The selection of supplementary educational materials is another area in which a teacher’s right to have a
say is restricted. The MoNE’s Regulation on Textbooks and Educational Tools (2016) states that no training
materials other than textbooks should be used with students. Warnings to teachers not to recommend
additional study aids to students were also reflected in newspaper articles (Cumhuriyet, 2021; Habertlirk,
2019; Harriyet, 2021; Turkish Radio and Television Corporation, 2017). Teachers in Turkey are
furthermore not given autonomy in assigning homework to their students (Yavuz, 2016). This restriction
was reflected in newspaper articles and provincial directorates were notified in writing or schools were
notified with a circular that homework should not be assigned to students during the term break (Cepni,
2017; Harriyet, 2020; Milliyet, 2018; Nergis Television, 2016).
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Teacher autonomy provides teachers with “the freedom to recommend the best treatment for their
students” (Pearson & Moomaw, 2005, pp. 38-39), which leads to increased academic achievement and
interactive teaching in the classroom (Fradkin-Hayslip & Gross, 2019). Indeed, the Organization for
Economic Co-operation and Development (OECD) stated that teacher autonomy and student
performance may be interrelated (Sahlberg, 2015). Similarly, in a study examining data from countries
participating in the 2009 Programme for International Student Assessment (PISA), a positive and
significant relationship was found between teacher autonomy and student achievement (Ayral et al.,
2014). According to the 2015 PISA results, students’ levels of success in the natural sciences were higher
in countries where teachers had more autonomy over the curriculum (OECD, 2016). Therefore, teacher
autonomy in the school, curriculum, and teaching environments positively affects students’ learning and
learning retention (White, 1992).

When studies on teacher autonomy in Turkey are reviewed, it can be seen that the notion of teacher
autonomy is quite new. Previous studies have generally focused on the relationships between teacher
autonomy and the school environment, job satisfaction, attitudes toward the profession, professionalism,
and leadership types and teachers’ views or perceptions of teacher autonomy (Canbolat, 2020; Celik,
2016; Colak, 2016; Karatay et al., 2020; Oztiirk, 2012; Serin & Bozdag, 2020; Sentiirken, 2018; Ulas-
Marbouti, 2015). When the research on teacher autonomy in other countries is examined, it is seen that
studies have generally focused on the relationships of teacher autonomy with variables such as stress, job
satisfaction, perceived power, motivation, professionalism, the organizational structure of the school,
language teaching, learner autonomy, student creativity, and student achievement together with
comparative studies on the status of teacher autonomy in different countries (lwata, 2013; Kong, 2020;
Pearson & Moomaw, 2005; Salokangas et al., 2019; Skaalvik & Skaalvik, 2014). Among the studies on
teacher autonomy and student achievement, for example, Ayral et al. (2014) found a positive and
moderately significant relationship between teacher autonomy and student achievement in the countries
that participated in the 2009 PISA. Similarly, according to the 2015 PISA results, students’ science
achievements were higher in countries in which teachers had more autonomy in the curriculum (OECD,
2016). On the other hand, one study concluded that teacher autonomy did not significantly predict
students’ science achievements and that the socioeconomic status of the school did not play a role in that
relationship, either (Gurganious, 2017). According to these studies, teacher autonomy in the classroom
and the school affects students’ cognitive and affective learning. It is also possible to infer from the
findings of this body of literature that teachers need freedom to be able to offer different solutions to
different problems encountered due to the variable structures of teacher-student interactions.

As can be understood from the research findings presented above, only one study (Gurganious, 2017)
and limited reports of PISA results (Ayral et al., 2014; OECD, 2016) are available in the literature to date
for both Turkey and the rest of the world addressing the predictive power of teachers’ perceptions of
autonomy on students’ achievement. Thus, the present study was undertaken due to the need to clarify
the predictive power of teachers’ perceptions of autonomy (autonomy in the classroom, autonomy at
school, and professional autonomy) on the term grades of high school students. Furthermore, only two
studies (Canbolat, 2020; Sentilrken, 2018) in which the autonomy perceptions of teachers working at the
high school level was examined according to school type and field were identified in the literature.
Therefore, it is also necessary to investigate differences in teachers’ perceptions of autonomy according
to school types and fields. Based on these considerations, the aim of the present study is to determine
the predictive power of teachers’ perceptions of autonomy for the term grades of high school students in
the 11th grade and to examine differences in their perceptions of autonomy according to school type and
field of instruction. Answers to the following research questions are sought: 1) Do teachers’ perceptions
of autonomy significantly predict the term grades of students in the 11th grade? 2) Do teachers’
perceptions of autonomy differ according to school type? 3) Do teachers’ perceptions of autonomy differ
according to their fields?
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Research Design

Within the general framework of quantitative research methods, a predictive design was applied for
the first research question and a survey design was used for the second and third research questions.
Creswell (2012/2017) described the predictive design used for the first research question as identifying
variables that will help determine a future behavior instead of finding a simple relationship between
variables. Karasar (2017) defined the survey design used for the second and third research questions as
describing a situation or event as it exists under current conditions. The purpose of this design is to
understand the nature of a current situation or event and to identify possible relationships (Cohen et al.,
2018). In this study, data on the variable of teachers’ perceptions of autonomy were collected via
teachers’ responses to the Teacher Autonomy Perception Scale, and data on the variable of term grades
were obtained in the form of students’ term grades from the end of the first term of the 2020-2021
academic year.

Study Groups

To safeguard the health of all research participants, sample selection was not undertaken due to the
COVID-19 pandemic. Instead, general study groups were determined. High school institutions that would
provide these study groups were selected from the central districts of Battalgazi and Yesilyurt in Malatya
Province. Malatya Province was selected for the study because it was the province in which the researcher
was working and transportation to other provinces could have been risky due to the COVID-19 pandemic.
Central districts of the province were preferred with the idea that they would best reflect the province of
Malatya in general and the diversity of school types. In this context, while determining the high school
institutions, criteria such as accessibility by vehicle, high numbers of teachers, and applicability for the
research were taken into consideration.

The high school level was chosen for this study with the idea that it can provide important data for the
literature since it is the final stage in the transition to higher education. It was also relevant for the present
study that a central exam is conducted in the 12th grade to direct students to subsidiary educational
institutions in addition to their general school education. It was thought that this central exam might
negatively affect term grades as one of the variables of this study among students in the 12th grade.
Therefore, it was decided that 11th grade students were more suitable for the study.

While determining the study groups, attention was paid to fully reflecting the variable of school type
as another of the research questions. In this context, vocational and technical Anatolian high schools,
Anatolian imam-hatip high schools, Anatolian high schools, and science high schools deemed sufficient in
terms of teacher data by the researchers were included. The teacher and student data of 19 high school
institutions in the Battalgazi and Yesilyurt districts of Malatya Province were thus used. Two study groups
were formed, namely teachers of 11th grade students and the 11th grade students who received
education from those teachers. Information about the teacher and student study groups of the research
is presented below.

Teacher study group: The study group of teachers included 230 teachers from high school institutions
affiliated with the MoNE in the first term of the 2020-2021 academic year in Battalgazi and Yesilyurt. As
addressed by Green (1991) and Tabachnick and Fidell (2012/2020, p. 123), the equation N > 50 + 8m,
where m is the number of independent variables, is recommended in determining the minimum sample
size for regression analysis. Thus, since the number of independent variables in the present study was
three (m=3), the sample size was sufficient for multiple regression analysis. The number of participating
teachers was adjusted in light of outlier data after the analyses.
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Table 1.
Demographic Characteristics of the Teacher Study Group
Battalgazi District Yesilyurt District
f % f %

Female 48 36.9 44 44.0

Sex Male 82 63.1 56 56.0
Total 130 100.0 100 100.0
1-5 years 6 4.6 10 10.0
6-10 years 10 7.7 9 9.0

Professional 11-15 years 20 154 13 13.0

Experience 16-20 years 26 20.0 18 18.0
More than 20 years 68 523 50 50.0
Total 130 100.0 100 100.0
Bachelor’s Degree 110 84.6 86 86.0

Education Master’s Degree 20 15.4 14 14.0

Status Total 130 100.0 100 100.0
Faculty of Education 58 44.6 53 53.0
Faculty of Science and 48 36.9 33 33.0
Letters

Faculty of Faculty of Theology 16 12.3 3 3.0

Study Other 8 6.2 11 11.0
Total 130 100.0 100 100.0
Social Sciences Fields 58 44.6 45 45.0

Field of Natural Sciences Fields 29 22.3 31 31.0

Instruction Professional Fields 29 223 11 11.0
Arts and Sports Fields 14 10.8 13 13.0
Total 130 100.0 100 100.0
Vocational and Technical 50 38.5 32 32.0
Anatolian High School

School Type Anatolian Imam-Hatip 39 30.0 - -
High School
Anatolian High School 41 315 38 38.0
Science High School - - 30 30.0
Total 130 100.0 100 100.0

Note: Variables for which data could not be acquired are indicated with a dash.

In the district of Battalgazi, 48 (36.9%) of the teachers were female and 82 (63.1%) were male; in the
district of Yesilyurt, 44 (44%) were female and 56 (56%) were male. Approximately half of the teachers
working in both Battalgazi and Yesilyurt had more than 20 years of professional experience, with that level
of experience observed for 68 (52.3%) and 50 (50%) teachers, respectively. When the teachers in these
districts were analyzed in terms of educational background, the majority of them had bachelor’s degrees
(110, or 84.6%, and 86, or 86%, respectively). In terms of the type of faculty from which the teachers had
graduated, 58 (44.6%) and 53 (53%) of them were graduates of a faculty of education. Nearly half of all
participants were teachers in the fields of the social sciences, including 58 (44.6%) participants from
Battalgazi and 45 (45%) from Yesilyurt. Finally, in terms of the types of schools in which these teachers
worked, vocational and technical Anatolian high schools were most common among the participants from
Battalgazi (50 teachers, or 38.5%) and Anatolian high schools were most common among the participants
from Yesilyurt (38 teachers, or 38%).

Student study group: The study group of students consisted of 3005 students studying in the 11th
grade of high school institutions affiliated with the MoNE in the first term of the 2020-2021 academic year
in the Battalgazi and Yesilyurt districts of Malatya Province.
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Table 2.
Demographic Characteristics of the Student Study Group
Battalgazi District Yesilyurt District
f % f %
Female 763 41.6 655 55.8
Sex Male 1070 58.3 517 44.1
Total 1833 100.0 1172 100.0
Vocational and Technical Anatolian 428 233 153 13.0
High School
School Anatolian Imam-Hatip High School 512 27.9 - -
Type Anatolian High School 893 48.7 816 69.6
Science High School - - 203 17.3
Total 1833 100.0 1172 100.0

Note: Variables for which data could not be acquired are indicated with a dash.

In the Battalgazi district, 763 (41.6%) of the students were female and 1070 (58.3%) were male; in the
Yesilyurt district, 655 (55.8%) were female and 517 (44.1%) were male. According to the type of school
attended, the highest numbers of students were enrolled in Anatolian high schools in both Battalgazi (893
students, or 48.7%) and Yesilyurt (816 students, or 69.6%).

Data Collection Process

Ethical approval of this research was obtained from Hacettepe University (dated 20.03.2020 and
numbered 35853172-300-E.00001052577). Subsequently, research permission was obtained from the
Malatya Provincial Directorate of National Education.

In the first stage of the data collection process, it was decided to develop a scale to measure teachers’
perceptions of autonomy. For this purpose, an item pool was created, which is one of the initial steps of
scale development, and a preliminary examination and pre-application of the items were carried out. A
total of 187 teachers working in high school institutions affiliated with the MoNE in the first term of the
2020-2021 academic year in Battalgazi and Yesilyurt participated in the preliminary application. The
necessary analyses were conducted and the Teacher Autonomy Perception Scale was finalized for the
research.

In the second stage of the data collection process, data on the variable of teacher autonomy were
collected with the Teacher Autonomy Perception Scale developed by the researchers using Google Forms
in the second term of the 2020-2021 academic year. Different Google Form links were created to
distinguish the schools where teacher and student data were obtained. In addition, in order to identify
teachers of 11th grade students, an initial confirmation question was added via Google Forms: “Did you
teach 11th grade students in the first term of the 2020-2021 academic year?” Thus, only teachers who
confirmed their voluntary participation and replied positively to the question about teaching students in
the 11th grade as the first steps were able to proceed to the Personal Information Form and the Teacher
Autonomy Perception Scale. Due to the COVID-19 pandemic, data regarding the variable of term grades
of the students were collected from the principals and vice-principals of the schools. These administrators
provided the students’ term grades for the first term of the 2020-2021 academic year from the e-school”
system after removing all personal information about the students. They also verbally provided
information about the numbers and sex distributions of the students. The data for the study were
collected between March 23 and April 2, 2021.

Data Collection Tools

Term grade: In the MoNE High School Institutions Regulation (2019), instead of an term grade, an
“term grade” is defined, “which is the point obtained by dividing the sum of the weighted scores of the
courses by the sum of the weekly course hours of these courses” (p. 35), based on which the student’s

* A school management information system implemented nationwide to provide information on students in Turkey.
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learning throughout the year is evaluated. Accordingly, the term grade, which was taken as a variable in
this study, was the score obtained by dividing the sum of the weighted scores of the courses taken by the
students during the term by the sum of the weekly course hours of those courses.

Personal information form: The Personal Information Form was prepared by the researchers to collect
data on the variables addressed by the research questions. This form consisted of six questions regarding
sex, professional experience, educational status, type of school, faculty of graduation, and field of
instruction.

Teacher autonomy perception scale: The Teacher Autonomy Perception Scale was developed by the
researchers to measure teachers’ perceptions of autonomy. For this purpose, initially, an item pool
consisting of 51 items was created utilizing previous studies in the literature and previously developed
questionnaires and scales (Colak, 2016; Friedman, 1999; Garvin, 2007; Karabacak, 2014; Pearson & Hall,
1993; Ulas-Marbouti, 2015; Uziim, 2014) as sources of opinions. For the preliminary examination of the
selected item expressions, the opinions of eight teachers working at the high school level were obtained
and items with ambiguous meanings or similar structures were removed from the pool. In order to
examine the compatibility of the remaining 47 items with the variables to be measured and to provide
evidence of content validity, expert opinions were evaluated. This process consisted of two stages. First,
the opinions and suggestions of eight experts, including three experts from the Department of Curriculum
and Instruction, three experts from the Department of Measurement and Evaluation in Education, and
two experts from the Department of Educational Administration, Supervision, Planning, and Economics,
were obtained regarding the adequacy of the wording of the items. With the help of their opinions and
suggestions, items with similar meanings were grouped together. Afterwards, the remaining 26 items in
the draft version of the scale were sent to 11 further experts, including five experts from the Department
of Curriculum and Instruction, two experts from the Department of Educational Measurement and
Evaluation, and four experts from the Department of Educational Administration, Supervision, Planning,
and Economics, and the content validity index was calculated as recommended by Lawshe (1975). To
examine the appropriateness of the 20 items remaining as a result of expert evaluations for the target
group, the draft version of the scale was pre-administered to 187 teachers and data were collected. The
subsequent analyses conducted to confirm the validity and reliability of the Teacher Autonomy Perception
Scale are presented in the following section. The finalized version of the Teacher Autonomy Perception
Scale contained eleven items within the following three factors: Autonomy in the Classroom, Autonomy
at School, and Professional Autonomy. The scale is evaluated with a 4-point system as follows: “very
untrue of me” (1 point), “somewhat true of me” (2 points), “true of me” (3 points) and “very true of me”
(4 points). There are no reverse-scored items in the scale.

Validity and Reliability of the Study

Findings on the validity and reliability of the Teacher Autonomy Perception Scale are presented in the
following sections. Data were analyzed using SPSS 26.0 and AMOS 24.0.

Findings related to the validity of the study: To provide evidence of the validity of the Teacher
Autonomy Perception Scale, the content validity and construct validity of the scale were examined. In this
context, the opinions of 11 experts were first taken into account according to the Lawshe technique and
the content validity index of the scale was calculated based on their answers. Since the content validity
index (.75) was higher than the content validity criterion (.59) as specified for 11 experts (Lawshe, 1975),
it can be said that the content validity of the scale was confirmed. Subsequently, exploratory and
confirmatory factor analyses were applied to provide evidence of the construct validity of the scale. For
this purpose, data were collected from 187 teachers in a pre-application of the scale and exploratory
factor analysis was conducted with the data of 184 teachers after removing three outliers. As a result of
exploratory factor analysis, a scale with factor loads ranging between .84 and .58 explaining 61.51% of the
total variance and consisting of three factors (Autonomy in the Classroom, Autonomy at School, and
Professional Autonomy) was developed. In order to test the three-factor structure of the scale after
exploratory factor analysis, confirmatory factor analysis was conducted with data from 245 teachers. As
a result of that analysis, a confirmatory factor analysis model consisting of three factors and 11 items was
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obtained. The fit index values calculated for confirmation of the model were as follows: x?/SD=1.81, GFl=
.95, AGFI= .92, CFI= .96, RMSEA= .06, RMR= .03, SRMR= .05, NFI=.92. These fit index values indicate that
the model provides a good fit.

Findings related to the reliability of the study: To provide evidence of the reliability of the Teacher
Autonomy Perception Scale, Cronbach alpha (a) internal consistency coefficients and item-total score
correlations were analyzed. In this context, the Cronbach alpha internal consistency coefficients were
calculated based on the pre-application data with which the exploratory factor analysis of the scale was
performed as .86 for the whole scale, .79 for Autonomy in the Classroom, .70 for Autonomy at School,
and .78 for Professional Autonomy. In addition, the Cronbach alpha internal consistency coefficients
calculated with the application data with which confirmatory factor analysis of the scale was performed
were .80 for the whole scale, .68 for Autonomy in the Classroom, .72 for Autonomy at School, and 0.78
for Professional Autonomy. In this context, considering the recommendation of Blylkoztiirk (2020) that
Cronbach alpha internal consistency coefficients of 2.70 be considered sufficient confirmation of a scale’s
reliability, the reliability of the new scale was deemed sufficient. Furthermore, item-total score
correlations were calculated to examine the consistency of the items with the contents of the scale. The
item-total score correlations of the scale calculated with pre-application data ranged between .41 and
.74, while the item-total score correlations calculated with application data ranged between .35 and .72.
When both the Cronbach alpha internal consistency coefficients and the item-total score correlations of
the scale are considered, it can be said that the internal consistency of the scale is sufficient and evidence
of the reliability of the scale is thus provided.

Data Analysis Process

To answer the first research question of the study, multiple regression analysis was planned. In this
context, for multiple regression analysis to be conducted, the dataset in question must satisfy certain
criteria such as an appropriate ratio between cases and independent variables, a lack of deviant values
for dependent and independent variables, a lack of multiple collinearity and singularity, and the normality,
linearity, and homoscedasticity of residuals (Tabachnick & Fidell, 2012/2020, pp. 123-128). The dataset
met the first of those criteria with the data of 245 teachers. To examine deviant values among the
dependent and independent variables as the second criterion, the Mahalanobis distances of the data were
calculated, 15 extreme data sources were removed, and the research continued with the data of 230
teachers. To examine the existence of multiple collinearity as the third criterion, the correlation
coefficients between the independent variables were calculated as .27, .37, and .42 and it was seen that
there was no value higher than 0.90. In other words, multiple collinearity was ruled out. In addition, since
the independent variables in the study did not consist of a combination of any two variables, no singularity
was detected. In addition, tolerance values between .74 and .84, VIF values between 1.18 and 1.33, and
Cl values between 1.00 and 23.10 supported these conclusions. For the final criterion for multiple
regression analysis, the scatter plot of the residuals of the data was examined, and since the data were
distributed along a line, this criterion was also satisfied. Based on this information, multiple regression
analysis was conducted for the first research question of the study as planned.

To answer the second research question of the study, it was planned to conduct MANOVA testing, but
this idea was abandoned since the necessary assumptions were not supported. Therefore, ANOVA testing
was considered for each dependent variable, but according to the findings of the Levene test for each
dependent variable (p=.00, p=.00, p=.00, p=.00, p<.05), equality of variances could not be achieved. The
Kruskal-Wallis H test, as a nonparametric test for each dependent variable, and the Mann-Whitney U test
were then conducted to determine the school types between which differences emerged. In addition, the
partial eta squared (n?) coefficient was calculated to determine the effect of the independent variable on
the dependent variables.

When the first assumption for the application of MANOVA was examined to answer the third research
question of the study, it was seen that the skewness coefficients of the dependent variables of autonomy
in the classroom, autonomy at school, and professional autonomy varied between -.98 and .10 and the
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kurtosis coefficients varied between -.95 and .32 according to each independent variable (teachers’
fields). Since these values are generally close to -1 and +1, it can be said that the dataset does not deviate
from normal distribution. When the Mahalanobis distances of the variables were calculated to evaluate
the multiple normality of the research, it was observed that there were no outlier values. The second
assumption of a linear relationship between dependent variables was not evaluated since this was
previously addressed for the first research question. The homogeneity of the variance-covariance
matrices was examined as the final assumption and the Box test for equality of matrices (p=.50, p>.05)
and Levene test (p=.09, p=.57, p=.87, p>.05) were applied. Since the test findings were significant
according to the reference value of .05, this assumption was also upheld. Based on this information,
MANOVA testing was conducted as all assumptions for the research were supported. In addition, the
partial eta squared (n?) coefficient was calculated to determine the effect of the independent variable on
the dependent variables. The Bonferroni test (Miller, 1981), which is a multiple comparison test used in
cases where variances are equal and there is a difference between the samples, was applied to determine
the direction of the difference in case of a significant difference between variables.

Findings

Multiple regression analysis was conducted to answer the first research question of the study and
relevant descriptive statistics were calculated.

Table 3.
Descriptive Statistics Related to Students’ Term Grade and Teachers’ Perceptions of Autonomy
N X Standard Deviation
(sd)
Term Grade 3005 80.38 12.24
Autonomy in the Classroom 230 3.51 .43
Autonomy at School 230 2.94 .72
Professional Autonomy 230 3.16 .68

The mean term grade of the students in the study group (N=3005) was 80.38 with a standard deviation
of 12.24. When the averages of the scores in the table above are analyzed, it can be said that the teachers’
perceptions of autonomy in the classroom and professional autonomy were higher than their perceptions
of autonomy at school.

In the multiple regression analysis conducted for the first research question of the study, the predictor
variables were teachers’ perceptions of autonomy in the classroom, autonomy at school, and professional
autonomy and the predicted variable was the term grade of 11th grade students.

Table 4.

Multiple Regression Analysis of Predictions of Students’ Term Grade by Teachers’ Perceptions of Autonomy
Variable B Standard B t p Zero Partial

Error Order r

Control 62.26 6.68 9.33
Variable
Autonomy in 2.47 1.98 .08 1.24 21 .13 .08
the
Classroom
Autonomy at 4.43 1.20 .26 3.66 .00* .25 .23
School
Professional -1.13 1.31 -.06 -.86 .38 .07 -.05
Autonomy
R=.27 R?=.07 F(3,226)= 6.00

*p< .05
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There is a significant relationship (R= .27, R?= .07, F(3,226)= 6.00, p< .05) between the variables of
autonomy in the classroom, autonomy at school, and professional autonomy and students’ term grade.
Together, these three variables explained 7% of the change in students’ term grades. According to the
standardized regression coefficients, the relative importance of the predictor variables for students’ end
of term scores could be ranked with autonomy at school being the most important (B=.26), followed by
autonomy in the classroom ($=.08) and professional autonomy (B=-.06). Considering the significance tests
of the regression coefficients, only autonomy at school (p<.05) among the predictor variables was a
significant predictor of students’ term grades. The variables of autonomy in the classroom and
professional autonomy were not significant in predicting students’ term grade. When the relationships
between predictor variables and students’ term grade were examined further, it was found that
autonomy at school correlated with term grade at a level of r=.25 (r= .23 when the effects of other
predictor variables were controlled), autonomy in the classroom correlated at a level of r=.13 (r=.08 when
the effects of other predictor variables were controlled), and professional autonomy correlated at a level
of r=.07 (r=-.05 when the effects of other predictor variables were controlled).

According to the regression analysis findings, the regression equation predicting students’ term grade
is as follows: Term Grade = (4.43 x School Autonomy) + (2.47 x Classroom Autonomy) + (-1.13 x
Professional Autonomy) + (62.26).

To answer the study’s second research question, the Kruskal-Wallis H test was performed for each
dependent variable.

Table 5.
Kruskal-Wallis H Test Values Regarding Differences in Teachers’ Perceptions of Autonomy According to
School Type

School Type n Mean Degree of x> p Partial
Rank Freedom n?
(df)
Vocational and Technical 81 113.52 3 6.16 .10
Anatolian High School
Autonomyin  Anatolian Imam-Hatip High 39 110.49
the School
Classroom Anatolian High School 83 110.34
Science High School 27 144.52
Vocational and Technical 81 110.70 3 42.64 .00* 16%*
Anatolian High School
Autonomy at  Anatolian Imam-Hatip High 39 91.09
School School
Anatolian High School 83 107.09
Science High School 27 191.00
Vocational and Technical 81 111.07 3 1.95 .58

Anatolian High School
Professional Anatolian Imam-Hatip High 39 119.68

Autonomy School
Anatolian High School 83 113.11
Science High School 27 130.09
*p< .05

** Influence quantity

While there was no significant difference in teachers’ perceptions of autonomy in the classroom (x%3)=
6.16, p>.05) or professional autonomy (x%3)= 1.95, p>.05) according to school type, there was a significant
difference in perceptions of autonomy at school (x%@)= 42.64, p<.05). When the effect size of the
difference in the Autonomy at School factor was examined, it was seen that the partial eta squared (n?)
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value was .16. Accordingly, it can be said that approximately 16% of this variable depends on school type.
In order to provide data on the school types between which the differences arose, a pairwise comparison
of school types was performed with the Mann-Whitney U test.

Table 6.

Mann-Whitney U Test Values of Teachers’ Perceptions of Autonomy at School According to School Types
School Types p
Vocational and Technical Anatolian High School - Anatolian Imam-Hatip High .14
School
Vocational and Technical Anatolian High School - Anatolian High School .76
Vocational and Technical Anatolian High School - Science High School .00*
Anatolian Imam-Hatip High School - Anatolian High School .18
Anatolian Imam-Hatip High School - Science High School .00*
Anatolian High School - Science High School .00*
*p< .05

According to the pairwise comparisons made with the Mann-Whitney U test, it was seen that
differences in teachers’ perceptions of autonomy at school according to school type arose between
vocational and technical Anatolian high schools and science high schools (p< .05), Anatolian imam-hatip
high schools and science high schools (p< .05), and Anatolian high schools and science high schools (p<
.05).

MANOVA testing was conducted to answer the third research question of the study.

Table 7.
MANOVA Significance Test Values Regarding Differences of Teachers’ Perceptions of Autonomy According
to Field of Instruction

Wilks F Hypothesis Error P Partial n?
Lambda Standard Standard
Value (sv) Value (sv)
Field .91 2.16 9.00 545.30 .02* .02

*p< .05

When the values obtained (Wilks lambda= .91, F(s.sa5)= 2.16, p< .05, partial n?= .02) according to
MANOVA testing were analyzed, a significant difference in teachers’ perceptions of autonomy according
to field type was observed. When the effect size of that difference was examined, it was seen that the
partial eta squared (n?) value was .02. Accordingly, it can be said that approximately 2% of teachers’
perceptions of autonomy depend on the variable of field of instruction. The next stage of analysis was
then performed to examine differences in the effect of the independent variable on the dependent
variables.

Table 8.
MANOVA Test Values Regarding Differences in Teachers’ Perceptions of Autonomy According to Field

Standard Standard

Dep'endent Field Type n X Deviatio Value F p Partzlal
Variable n
n (sd) (sv)

Natural Sciences 60 3.55 42
Autonomy Fields
in the Social Sciences 109 3.51 43 3-230 2.88 .03* .03
Classroom Fields

Vocational Fields 38 3.35 46

Arts and Sports 23 3.66 .29

Fields

Natural Sciences 60 3.08 .67

Fields
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Autonomy Social Sciences 109 2.89 77 3-230 1.84 .14
at School Fields 38 2.78 .63

Vocational Fields

Arts and Sports

Fields
Natural Sciences 60 3.05 .67
Professional  Fields
Autonomy Social Sciences 109 3.19 .70 3-230 1.17 .32
Fields 38 3.13 .69
Vocational Fields
Arts and Sports 23 3.34 .66
Fields

* p<.05

There was a significant difference in teachers’ perceptions of autonomy in the classroom (F3-230)=2.88,
p< .05, partial n?= .03) based on field of instruction. However, there were no significant differences in
teachers’ perceptions of autonomy at school (Fiz-230= 1.84, p> .05) or professional autonomy (F-
230=b1.17, p>.05) based on their fields. When the effect size of the difference in the Autonomy in the
Classroom factor was examined, the partial eta squared (n?) value was found to be .03. Accordingly, it can
be said that approximately 3% of this variable depends on the field of instruction. The Bonferroni test as
a multiple comparison test was performed to determine the types of fields between which differences in
perceptions of autonomy in the classroom arose as a result of MANOVA testing.

Table 9.
Bonferroni Test Values Regarding Differences in Teachers’ Perceptions of Autonomy in the Classroom
According to Field

Dependent Field (1) Field (J) Between-Group Std. Error P
Variable Difference (I-J)
Natural Social Sciences Fields .04 .06 1.00
Sciences Vocational Fields .19 .08 .15
Fields Arts and Sports Fields -.10 .10 1.00
Social Natural Sciences Fields -.04 .06 1.00
Sciences Vocational Fields .15 .08 .29
Autonomy  Fields Arts and Sports Fields -0.14 .09 .76
in the . Natural Sciences Fields -.19 .08 .15
Classroom \F/,ofjt'ma' Vocational Fields -15 .08 29
elds Arts and Sports Fields -.30 A1 .04*
Natural Sciences Fields .10 .10 1.00
Arts and
Sports Fields Social Sciences Fields .14 .09 .76
Vocational Fields .30 A1 .04%*

*p< .05

It was seen that the differences in teachers’ perceptions of autonomy in the classroom according to
field arose among teachers of professional fields (p< .05) and teachers of arts and sports fields (p< .05).

Discussion and Conclusion

In response to the first research question of the study, it was concluded that there is a relationship
between teachers having authority and freedom in making decisions in the classroom, the school, and
professional development activities and students’ term grade. In a review of the literature, however, very
few studies on this relationship were found. Supporting the results of the present study, a previous
analysis of the data of countries participating in the 2009 PISA revealed that there was a positive and
significant relationship between teacher autonomy and student achievement (Ayral et al.,, 2014).
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Similarly, Iwata (2013) found that teachers’ autonomous behaviors explained 22.9% of the creativity of
3rd, 4th, and 5th grade students. In addition, according to the 2015 PISA results, students’ science
achievements were higher in countries where teachers had more autonomy over the curriculum. In other
words, teachers’ adaptations of teaching processes and course contents for students with different skills
affect students’ levels of success (OECD, 2016). On the other hand, in a study contradicting these results,
it was concluded that teachers’ perceptions of autonomy did not significantly predict 8th grade students’
success in the natural sciences (Gurganious, 2017). When the research results presented above are
considered, it can be said that different results were found in different studies dealing with the variables
of teacher autonomy and student achievement. Some of these results support the results of the present
work and some do not.

According to the other finding from the first research question of this study, teachers’ authority and
freedom in making decisions in the classroom, the school, and professional development activities
explained changes in students’ term grade to a relatively small extent. In addition, it was concluded that
teachers having authority and freedom in making decisions in the classroom and professional
development activities did not predict students’ term grade. The factors affecting this result may be
external factors such as the socioeconomic status of the student, family structures, environmental factors,
or the COVID-19 pandemic. Especially due to the COVID-19 pandemic, students may have had extended
absences from school and classroom environments, which may have reduced their interactions with their
teachers. In addition, the fact that teachers had to adapt the curriculum to a different learning
environment during the pandemic and communicate with students remotely may have weakened the
effectiveness of their teaching processes. According to a report prepared by Sunar (2021), teachers faced
challenges in adapting to changing decisions, coping with difficulties, planning teaching processes,
addressing students’ learning deficiencies, and reaching students during the pandemic. In addition,
teachers stated that they experienced inadequacies in their communications with students (Cakin &
Kilekgi-Akyavuz, 2020), and they encountered a lack of technical infrastructure and problems in
measurement and evaluation (Balaman & Hanbay-Tiryaki, 2021). In this context, it can be said that the
problems experienced during the COVID-19 pandemic may have affected the results of the present
research. According to another result of the study, it was concluded that teachers' sharing their opinions
without hesitation in meetings and committees held in the school and in decisions such as branch changes
of students and their participation in the decision-making process related to these issues explained
(predicted) students' term grade. Ayral et al. (2014) found a positive, medium-level, significant
relationship between teachers’ participation in school discipline and evaluation policies and students’
success in the countries participating in the 2009 PISA, which supports the results of the present study.
Kirkgu (2019) stated that each stakeholder in the school might have a certain amount of influence in the
formation of student success, while Min (2017) concluded that teachers who are supported by the school
administration and their colleagues individually develop self-efficacy beliefs and tend to display
autonomous behaviors to enrich the curriculum. Teachers in schools that empower teachers and give
them free reign in making decisions were found to have higher levels of curriculum autonomy than
teachers in schools with principal-oriented centralized structures (Wright, 2018). Similarly, in another
study, it was concluded that teachers being active participants in school management decisions, being
structurally and psychologically empowered, and enjoying a supportive environment had higher levels of
autonomy (Yorulmaz et al., 2018). In this context, it is seen that schools with a democratic working
environment foster teacher autonomy and take teachers’ ideas and opinions into account in decisions
about student achievement (Lepine, 2007). In this way, autonomy develops in a trust-based environment
where there is space for interaction and free participation (Koehler, 1990). Therefore, it can be suggested
that providing teachers with autonomy at school by ensuring a participatory and supportive working
environment can positively affect students’ learning performance and levels of achievement.
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Regarding the second research question of this study, it was concluded that the existence of authority
and freedom for teachers when making decisions at school differed depending on the type of school in
which the teachers were employed. On the other hand, having authority and freedom while making
decisions in the classroom and professional development activities did not differ according to the type of
school. Only three studies were encountered in the literature that examined the variable of school type
with a sample or study group consisting of high school teachers. Sentiirken (2018) found that there was a
significant difference in teachers’ autonomy for teaching processes and professional development
according to school type, while there was no significant difference in curriculum autonomy or professional
communication autonomy. Canbolat (2020) also obtained different results regarding the adoption and
implementation dimensions of teacher autonomy types according to school type. In another study, it was
found that the autonomy perceptions of high school teachers according to the autonomy dimension of
the Organizational Health Survey did not differ significantly in terms of school type (Uras, 2000). When
the results of these similar and different studies in the literature are examined, it can be seen that the
differences in teachers’ perceptions of autonomy according to school type vary depending on the types
of autonomy that teachers have.

When the findings from the second research question of this study are analyzed according to the
relevant variables, the differences in teachers having authority and freedom while making decisions at
school according to the type of school they work in may be related to the fact that the working
environment of each school at the high school level is different. Each school has a unique atmosphere. A
participatory and supportive school atmosphere where individuals can freely share their views and ideas
may also affect teacher autonomy. Therefore, while teachers can display autonomous behaviors by
sharing their opinions without hesitation in meetings, committees, and other activities in a trust-based
and peaceful working environment, they may not be able to participate in decision-making processes in
restrictive and coercive school environments. Therefore, school types at the high school level may differ
in this respect. On the other hand, the present study has also shown that the existence of authority and
freedom for teachers in making decisions in the classroom and professional development activities did
not differ by school type. According to Yavuz (2016), in Turkey, the framework curriculum determined by
the MoNE is implemented and all decisions about education are made by the central authority. This
situation entails a limited structure in terms of providing teachers with opportunities to differentiate their
teaching processes and classroom environments (Sunar, 2018). On the other hand, due to the COVID-19
pandemic, teachers have been able to participate in professional training sessions, which they used to
attend face-to-face in certain places and times, without any limitations of time or place. This may have
enabled teachers to participate in the courses, seminars, and activities that interested them while
exercising their professional autonomy.

As a result of multiple comparisons between school types in terms of the differences between teachers
having authority and freedom in making decisions at school, it was seen that differences arose between
vocational and technical Anatolian high schools and science high schools, between Anatolian imam-hatip
high schools and science high schools, and between Anatolian high schools and science high schools.
Science high schools stood out in these pairwise comparisons. Various factors may have influenced this
result. For example, the working environment in science high schools may have a more democratic and
supportive structure that supports teachers’ participation in decision-making. This is supported by the
researchers’ visits to science high schools during the data collection process. During these visits, the
researchers observed that administrators exhibited positive attitudes towards teachers and supported
teachers in in-school and out-of-school activities. In addition, according to the MoNE Regulation on the
Selection and Appointment of Teachers of Science High Schools and Social Sciences High Schools Affiliated
to the Ministry of National Education and Physical Education, Music, and Visual Arts/Painting Teachers of
Fine Arts and Sports High Schools (MoNE, 2010), the selection of science high school teachers based on
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criteria such as professional experience and selection exams requires teachers in these schools to have
certain qualifications. In this respect, the fact that science high school teachers have certain qualifications
may support their autonomy. Similarly, Sentiirken (2018) concluded that science high schools stood out
in the differences between school types.

According to the third research question of this study, the authority and freedom among teachers in
making decisions in the classroom, in school, and in professional development activities differ according
to the field of instruction. In the literature to date, Canbolat (2020) found that teachers’ perceptions of
autonomy differed according to their fields. In another study, it was concluded that teachers’ perceptions
of autonomy differed significantly depending on the variable of field type (Sentiirken, 2018). When the
results for the third research question are analyzed according to the relevant variables, it is seen that
having authority and freedom in making decisions in the classroom differs for teachers depending on their
fields. On the other hand, it was concluded that having authority and freedom in making decisions at
school and in professional development activities did not differ for teachers based on their fields.
Although there is a centralized curriculum in Turkey, teachers can make arrangements in terms of
classroom organization, content, and teaching processes according to the interests and needs of their
students. In addition, the fact that the content to be taught by each subject area teacher differs can be
said to differentiate teaching processes and allows teachers to engage in autonomous behaviors. The
reason why the presence of authority and freedom in making decisions at school and in professional
development activities did not differ according to the teachers’ fields may be that teachers in different
fields had equal access and choice in participating in school decisions and professional development due
to the COVID-19 outbreak. This result is supported by the relevant literature. Sentiirken (2018) concluded
that while there was a difference in teachers’ curriculum autonomy and teaching process autonomy
according to field type, there was no difference in terms of professional communication autonomy or
professional development autonomy.

When the differences according to the teachers’ fields of instruction were examined, it was seen that
the differences arose between vocational fields and arts and sports fields. This might be due to the fact
that the course contents of these fields are not subject to central examinations and thus teachers in these
fields can organize their professional activities in the classroom according to their own preferences and
enrich the curriculum more flexibly. In other words, teachers in these fields may have more freedom than
teachers in other fields in deciding their teaching strategies, methods, and techniques to be used in their
lessons, as well as the order of the contents being taught and the assessment tools. Canbolat (2020) also
found that teachers’ fields of instruction were limited by centralized exams and that these exams created
an element of oppression. It was concluded, however, that teachers in the fields of music and visual arts
enjoyed more autonomy in their teaching processes. In interviews, teachers in these fields emphasized
that art can only emerge within a space of freedom due to its nature and that art has a subjective
structure.

Suggestions

In light of the results obtained in this study, several suggestions can be presented for other
researchers. First of all, research could be conducted on the predictive power of autonomy perceptions
of teachers working in private and public schools for the term grade of students at different grade levels.
Moreover, longitudinal studies could be conducted to examine the trends of these predictions in the
process. In addition, the autonomy perceptions of teachers working at different levels in private and
public schools could be investigated and differences according to different school types with different
socioeconomic levels could be examined. Finally, differences in autonomy perceptions among teachers
with different employment statuses (salaried, tenured, etc.) at different levels of education and in
different fields could be examined according to the types of fields. The present study is expected to
provide helpful guidance for future research on teacher autonomy in Turkey and abroad.
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In light of the results obtained in this study, suggestions can also be presented for implementers of
the curriculum. With the support of school stakeholders, teachers’ perceptions of autonomy should be
supported positively so that they can use autonomy in their interactions with students. In addition, a
shared decision-making mechanism based on trust should be established for teachers by all stakeholders
in the school. A democratic school culture should be created where teachers have the right to have a say
in both instructional and administrative decisions and can put their ideas into practice and share them
with their colleagues. In addition, it is hoped that the findings of this work will help teachers become more
aware of their authority and the freedoms granted to them in their fields of instruction and build their
professional identities through the autonomy granted to them to achieve democratic education. In this
context, it can be expected that teachers will be able to comprehend the meaning of teacher autonomy
and develop practical skills in their classrooms. Curriculum development specialists could provide data
during the development of curricula that create autonomous spaces in classroom and school
environments. In addition, information should be provided to policymakers and educators in teacher
training institutions regarding what should be considered about teacher autonomy in teacher training. It
is particularly important to emphasize autonomy in the undergraduate programs of faculties of education
and provide content regarding this concept to prospective teachers through functional practices. This
would enable teachers to train new teachers who can organize their teaching processes in a self-confident
way and teach their students with similar freedom.
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Tiirkge Siirimui

Giris

Ogretmenin mesleki faaliyetlerinde 6z yeterligi ve sorumluluklari gergevesinde ézgiir bir sekilde karar
alabilmesi olarak ifade edilen 6gretmen 6zerkligi, egitim alaninda tartisilan ve sik¢a vurgulanan bir kavram
haline gelmistir. Ornegin Street (1988) 6gretmen dzerkligini, dgretmenin sinifta takdir yetkisini kullanarak
bagimsiz kararlar alabilmesi seklinde tanimlayarak 6gretmen o6zerkligini sinif ile sinirlamistir. Benzer
bicimde Benson (2007) 6gretmen Ozerkligini, 6gretmenin 6gretim programini uygularken karar alma
Ozgurligline sahip olmasi seklinde belirtirken; Friedman (1999) ise 6gretmenin okulun isleyisinde ve
yonetimsel faaliyetlerde s6z hakkina sahip olmasinin 6gretmen 6zerkligi kapsaminda oldugunu ifade
etmistir. Wilches (2007) tanimin gergevesini genisleterek 6gretmen ozerkligini, 6gretmenin bireysel
ozglirlige sahip olmasi ve okul kararlarinda takdir yetkisini kullanmasi olarak belirtmistir. Bir diger tanima
gore ise 6gretmenin egitimle ilgili konularda belli ilkeler ve kurallar cergevesinde karar verme serbestligine
ve yeterligine sahip olmasi seklindedir (Colak, 2016). Bu baglamda zamanla gergevesi genisleyen 6gretmen
ozerkligi kavrami, 6gretmenin “mesleki faaliyetlerini planlama, uygulama ve bunlarla ilgili kararlari almada
sahip oldugu yetki ve dzgirliik alan1” (Oztiirk, 2011, s. 82) olarak ifade edilebilir. Dolayisiyla 6gretmen
ozerkligi kavraminin ge¢miste dis etkenlerden izole edilmis bir bagimsizlik alani oldugu goriliirken
zamanla anlaminin gerek sinif gerekse okul ortami ve yonetimsel siiregler de dahil edilerek genisledigi
soylenebilir.

Ogretmenlerin Statiisiine iliskin Tavsiye (akt. Uluslararasi Calisma Orgiitii/Birlesmis Milletler Egitim,
Bilim ve Kiltiir Orgiitli [ILO/UNESCO], 2016) adli belgede, 6gretmenlerin mesleki faaliyetlerinde dzgiirliige
sahip olmasi gerektigi ve 6gretmenlerin ders kitabi, 6gretim materyalleri, yontem ve teknik seciminde
dnemli rollerinin bulundugu ifade edilmistir. Avrupa’daki Ogretmenlerin Sorumluluk ve Ozerklik Diizeyleri
belgesine gore 6gretmen 6zerkliginin kapsami; 6gretim programinin igerigini belirleme, 6grencinin
degerlendiriimesinde karar alma, ders kitabi, 6gretim, yontem ve tekniklerin secgilmesi olarak ifade
edilmistir (Eurydice, 2008). Ogretmen &zerkliginin Avrupa Ulkelerindeki durumu incelendiginde
ogretmenler ders igerigi, sinif tekrari ve 6grencilerin gelisimi hakkinda karar alma sirecinde aktif rol
almaktadir (Eurydice, 2013). Buna karsin Birlesmis Milletler Egitim, Bilim ve Kiiltiir Orgiiti’niin (UNESCO)
Kiresel Egitim izleme Raporu’na (Akt. Egitim Reformu Girisimi, 2017) gére Tirkiye’deki dgretmen
ozerkliginin giderek dustugu belirtiimektedir. Ayrica 6gretmenlerinin ders igerigi ile ilgili karar alma
siirecinde en az s6z hakkina sahip oldugu (lkelerden birinin Tirkiye oldugu ifade edilmektedir.

Turkiye’de Milli  Egitim Bakanligi (MEB) tarafindan belirlenen c¢erceve 0Ogretim programi
uygulanmaktadir. Yavuz (2016), bu 6gretim programinin 6gretmene takdir yetkisi vermedigini ve 6zgirlik
alani tanimadigini belirtmektedir. Benzer bigimde Tiirkiye’de mevzuat geregi ders kitaplarinin ve 6gretim
iceriklerinin merkezden belirlenmesi, 6gretmen 6zerkliginin dogasina aykiri diismektedir (Sunar, 2018).
Yardimci egitim materyali segme konusu da 6gretmenin s6z hakkinin kisitlandigi diger bir konu olarak 6ne
cikmaktadir. MEB’in yayimladigi Milli Egitim Bakanligi Ders Kitaplari ve Egitim Araglari Yonetmeligi'nde
(2016) ders kitaplari disinda herhangi bir egitim materyalinin 6grencilerden talep edilmemesi gerektigi
belirtilmistir. Ogrencilere yardimci kaynak énerilmemesine ydnelik 6gretmenlere yapilan uyarilar, gazete
haberlerine de yansimistir (Cumhuriyet, 2021; Habertirk, 2019; Hirriyet, 2021; Tiirkiye Radyo Televizyon
Kurumu, 2017). Benzer sekilde Turkiye’de 6grenciye 6dev verme konusunda da 6gretmenlere 6zerklik
taninmamaktadir (Yavuz, 2016). Bu durum gazete haberlerine yansimis olup il midurliklerine yaziyla veya
okullara genelgeyle bildirilerek 6grencilere yariyil tatilinde 6dev verilmemesi istenmistir (Cepni, 2017;
Harriyet, 2020; Milliyet, 2018; Nergis Televizyonu, 2016).

Ogretmen 6zerkliginin 6gretmenlere "&grencileri icin en iyi tedaviyi &nerme 6zgiirliigii” (Pearson &
Moomaw, 2005, s. 38-39) sunmasi, 6grencilerin akademik basarilarinin artmasini ve sinif igerisinde
etkilesimli bir 6gretimin gerceklesmesini saglamaktadir (Fradkin-Hayslip & Gross, 2019). Nitekim
Ekonomik Kalkinma ve is Birligi Orgiitii (OECD), 6gretmen 6zerkligi ile 6grenci performansinin birbiriyle
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iliskili olabilecegini belirtmistir (Sahlberg, 2015). Benzer bicimde 2009 Uluslararasi Ogrenci Degerlendirme
Programi’na (PISA) katilan (lkelere ait verilerin incelendigi bir arastirmada, 6gretmen 6zerkligi ile 6grenci
basarisi arasinda pozitif ve anlamli bir iliski bulgulanmistir (Ayral vd., 2014). Hatta 2015 PISA sonuglarina
gore o6gretmenlerinin 6gretim programi Uzerinde Ozerklige sahip oldugu Ulkelerde, 6grencilerin fen
basarisinin daha yiiksek oldugu gériilmistiir (Ekonomik Kalkinma ve is Birligi Orgiitii [OECD], 2016).
Dolayisiyla 6gretmenin okul, program ve 0gretim ortami gibi konulardaki 6zerkligi, 6grencilerin
6grenmesini ve 6grenmenin kaliciligini olumlu yénde etkilemektedir (White, 1992).

Ogretmen &zerkligi ile ilgili Turkiye’de yapilan arastirmalar incelendiginde dgretmen &zerkliginin
gecmisinin oldukga yeni oldugu goriilmektedir. Arastirmalarin genel olarak 6gretmen 6zerkliginin okul
iklimi, is doyumu, meslege yonelik tutum, profesyonellik ve liderlik tiirlerine gore iligkisi ile 6§retmenlerin
ogretmen 6zerkligine iliskin goris veya algilarini belirlemeye odaklanan arastirmalar oldugu gorilmistar
(Canbolat, 2020; Celik, 2016; Colak, 2016; Karatay vd., 2020; Oztiirk, 2012; Serin & Bozdag, 2020;
Sentiirken, 2018; Ulas-Marbouti, 2015). Ogretmen 6zerkligi ile ilgili yurt disinda yapilan arastirmalar
incelendiginde ise arastirmalarin genel olarak 6gretmen 6zerkliginin stres, is doyumu, algilanan gic,
motivasyon, profesyonellik, okulun 6rgitsel yapisi, dil 6gretimi, 6grenen 6zerkligi, 6grenci yaraticihg ve
O08renci basarisi gibi degiskenlerle iliskisi ve 6gretmen oOzerkliginin Ulkelere gére durumuna iliskin
karsilastirmali arastirmalara odaklanildigi gorilmistir (Ilwata, 2013; Kong, 2020; Pearson & Moomaw,
2005; Salokangas vd., 2019; Skaalvik & Skaalvik, 2014). Ogretmen 6zerkligi ve 6grenci basarisi ile ilgili
arastirmalari incelemek gerekirse; ornegin Ayral ve digerleri (2014) 2009 PISA’ya katilan dlkelerde,
o6gretmen Ozerkligi ile 6grenci basarisi arasinda pozitif yonde orta diizeyde anlamli bir iliskiye rastlamistir.
Benzer bicimde 2015 PISA sonuglarina gére 6gretim programinda oOzerklige sahip 6gretmenlerin
bulundugu ulkelerde, 6grencilerin fen basarisinin daha ylksek oldugu gériilmustir (Ekonomik Kalkinma
ve Is Birligi Orgiitii [OECD], 2016). Buna karsin bir diger arastirmada ise dgretmen dzerkliginin 6grencilerin
fen basarisini anlamli bir sekilde yordamadigi ve okulun sosyoekonomik durumunun bu iliskide bir roltiniin
olmadig1 sonucuna ulasiimistir (Gurganious, 2017). Bu arastirmalara gore 6gretmenin sinifta ve okulda
ozerk bir alana sahip olmasinin 6grencilerin bilissel ve duyussal 6grenmelerini etkilemektedir. Nitekim bu
arastirma bulgularindan 6gretmen-6grenci etkilesiminin degisken bir yapiya sahip olmasi sebebiyle
karsilastigi farkh problemlere farkli ¢c6ziim 6nerileri sunabilmesi icin 6gretmenin 6zgir bir hareket alanina
ihtiyaci oldugu ¢ikariminda bulunmak da olasidir.

Yukarida sunulan arastirma bulgularindan da anlasilacagi gibi, Turkiye’deki ve yurt disindaki
alanyazinda 6gretmenlerin 6zerklik algisinin 6grencilerin basarisini yordama glciini ele alan sadece bir
arastirmaya (Gurganious, 2017) ve PISA sonuglarina (Ayral vd., 2014; Ekonomik Kalkinma ve Is Birligi
Orgiitii [OECD], 2016) rastlanmistir. Sunulan arastirma sonugclari 1siginda, 6gretmenlerin dzerklik algisinin
(sinifta 6zerklik, okulda 6zerklik, mesleki 6zerklik) ortadgretim 6grencilerinin donem sonu basari puanini
yordama gticinin belirlenmesine ihtiya¢ oldugu dusunilmustir. Ek olarak alanyazinda ortadgretim
kademesinde gorev yapan 6gretmenlerin 6zerklik algisinin okul tlrl ve alan tiriine gore farklilasma
durumunun incelendigi iki arastirmaya (Canbolat, 2020; Sentlrken, 2018) rastlanmistir. Dolayisiyla
ogretmenlerin 6zerklik algisinin okul tiirli ve alan tirline gére farklilasma durumunun arastirilmasina
ihtiya¢ oldugu dustnllmustir. Bu dislincelerden hareketle arastirmada 6gretmenlerin 6zerklik algisinin
ortadgretim 11. sinif 6grencilerinin donem sonu basari puanini yordama glicliniin belirlenmesi ve
o6gretmenlerin 6zerklik algisinin okul tiiri ve alan tiirline goére farkhlasma durumunun incelenmesi
amaclanmaktadir. Bu amag cercevesinde su arastirma sorularina cevap aranmistir: 1) Ogretmenlerin
ozerklik algisi, ortadgretim 11. sinif 6grencilerinin donem sonu basari puanini anlamli diizeyde yordamakta
midir? 2) Ogretmenlerin dzerklik algisi, okul tiiriine gore farklilasmakta midir? 3) Ogretmenlerin dzerklik
algisi, alan turiine gore farklilasmakta midir?

Yéntem
Aragtirma Modeli

Arastirmada nicel arastirma yéntemi kapsaminda birinci arastirma sorusunda yordayici desen; ikinci
ve Ug¢lincli arastirma sorularinda ise tarama modeli kullaniimistir. Birinci arastirma sorusunda kullanilan

143



Karadeniz & Fer — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 126-159

yordayici deseni Creswell (2012/2017), degiskenler arasinda basit bir iligki bulmak yerine gelecekteki bir
davranigi tahmin etmede yardimci olacak degiskenleri belirlemek seklinde ifade eder. ikinci ve {giincii
arastirma sorularinda kullanilan tarama modelini ise Karasar (2017), bir durumu veya olayli mevcut
kosullari icinde var oldugu haliyle betimlenmesi seklinde tanimlamistir. Bu modelin amaci, mevcut
durumun veya olayin dogasini anlamak ve olasi iliskileri tespit etmektir (Cohen vd., 2018). Arastirmada
dgretmen 6zerkligi algisi degiskenine iliskin verileri 6gretmenlerin Ogretmen Ozerkligi Algi Olcegi'ne
verdikleri yanitlar; ddnem sonu basari puani degiskenine iliskin verileri ise 6grencilerin 2020-2021 6gretim
yili birinci dénem sonu basari puani olusturmustur.

Calisma Gruplari

Arastirmada katiimcilarin saghgini tehlikeye atmamak igin Covid-19 salgininin siireg icerisindeki seyri
de dikkate alinarak orneklem secimi yapilmamistir. Bunun yerine ¢alisma gruplari belirlenmistir. Calisma
gruplarini olusturan ortadgretim kurumlari, Malatya ilinin Battalgazi ve Yesilyurt merkez ilcelerinden
secilmistir. Arastirmada Malatya ilinin secilmesinde, arastirmacinin gorev yaptigl yer olmasi ve Covid-19
salgini nedeniyle diger illere ulasimin saglik sorunlarina yol agmasi gibi nedenler etkili olmustur.
Arastirmada merkez ilgelerin tercih edilme nedeni ise Malatya ilini ve okul tlri gesitliligini en iyi sekilde
yansitacagl duslincesidir. Bu baglamda, ortadgretim kurumlari belirlenirken tasitla ulasilabilirlik, 6gretmen
sayisinin fazlaligi ve arastirmaci igin uygulanabilir olmasi gibi dlgttler dikkate alinmistir.

Arastirmada ortaégretim kademesinin secilme nedeni yiiksekogretime gegiste bir dnceki asama olmasi
nedeniyle alanyazin igcin 6nemli veriler sunabilecegi dislincesidir. Arastirmada 12. sinif seviyesinde
merkezi sinavin olmasi nedeniyle 6grencileri okullarinin 6gretimine ek olarak okul disi egitim kurumlarina
yoneltmektedir. Bu durum arastirmanin degiskenlerinden biri olan 6grencilerin dénem sonu basari
puanini olumsuz yonde etkileyebilecegi disiincesiyle vazgegilmistir. Dolayisiyla 11. sinif dizeyindeki
ogrencilerin, arastirma igin daha uygun oldugu kararina variimigtir.

Arastirmada c¢alisma gruplar belirlenirken arastirma sorularindan biri olan okul tirl degiskenini
yansitmasina dikkat edilmistir. Bu baglamda arastirmacilar tarafindan 6gretmen verisi yoniinden yeterli
goriulen mesleki ve teknik anadolu lisesi, anadolu imam hatip lisesi, anadolu lisesi ve fen lisesine gibi okul
turleri calisma grubuna dahil edilmistir. Bu baglamda, Malatya ilinin Battalgazi ve Yesilyurt merkez
ilcelerinde yer alan 19 ortadgretim kurumunun 6gretmen ve 6grenci verisi bu arastirma icin kullaniimistir.
Sonug olarak arastirmada ortadgretim kademesinde gorev yapan 11. sinif 6grencilerine egitim vermis
o6gretmenler ve bu 6gretmenlerden egitim almis ortadgretim 11. sinif 6grencileri olmak Gzere iki ¢alisma
grubu olusturulmustur. Arastirmanin 6gretmen ve Ogrenci ¢alisma gruplarina iliskin bilgiler asagida
sunulmustur.

Ogretmen calisma grubu: Arastirmanin 6gretmenler acisindan ¢alisma grubunu Malatya ilinin
Battalgazi ve Yesilyurt merkez ilgelerinde yer alan 2020-2021 6gretim yili birinci doneminde MEB’e bagl
ortadgretim kurumlarinda gorev yapan 230 6gretmen olusturmustur. Green’in (1991) ve Tabachnick &
Fidell'in (2012/2020, s. 123) sunmus olduklari tartisma baglaminda regresyon analizinin minimum
orneklem buyaklagi icin “N= 50+8m (m bagimsiz degisken sayisi)” denklemi dnerilir. Bu 6neri baglaminda
arastirmanin bagimsiz degisken sayisi ¢ (m=3) oldugu igin 6rneklem buyukliginin ¢oklu regresyon igin
yeterli oldugu soylenebilir. Bu 6gretmen sayisi, analizler sonrasinda ug verilerden arindirilmis halidir.

Tablo 1.
Ogretmen Calisma Grubunun Demografik Ozellikleri
Battalgazi ilcesi Yesilyurt ilesi
f % f %
Kadin 48 36.9 44 44.0
Cinsiyet Erkek 82 63.1 56 56.0
Toplam 130 100.0 100 100.0
. 1-5 yil 6 4.6 10 10.0
'I\)/'ee:;'i(r'n 6-10 yil 10 7.7 9 9.0
11-15yil 20 154 13 13.0
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16-20 yil 26 20.0 18 18.0
20 yil Gzeri 68 52.3 50 50.0
Toplam 130 100.0 100 100.0
o Lisans 110 84.6 86 86.0
Egitim Yiiksek Lisans 20 15.4 14 14.0
Durumu Toplam 130 100.0 100 100.0
Egitim 58 44.6 53 53.0
Fakultesi
Fakiilte Fen:EdeFJiyat 48 36.9 33 33.0
Tiiri Fakulte51
llahiyat 16 12.3 3 3.0
Fakultesi
Diger 8 6.2 11 11.0
Toplam 130 100.0 100 100.0
Sozel Alanlar 58 44.6 45 45.0
Sayisal Alanlar 29 223 31 31.0
Alan Tiirii Mesleki Alanlar 29 22.3 11 11.0
Sanat ve Spor 14 10.8 13 13.0
Alanlari
Toplam 130 100.0 100 100.0
Mesleki ve 50 38.5 32 32.0
Teknik
Anadolu Lisesi
okul Tirii Ana.dol.u irT\am 39 30.0 - -
Hatip Lisesi
Anadolu Lisesi 41 31.5 38 38.0
Fen Lisesi - - 30 30.0
Toplam 130 100.0 100 100.0

“«_u

Not. Veri elde edilemeyen degiskenler “-“ ile gbsterilmistir.

Battalgazi ilcesindeki 6gretmenlerin 48’ini (%36.9) kadinlar, 82’sini (%63.1) ise erkekler; Yesilyurt
ilcesinde ise 44’in0 (%44) kadinlar, 56’sin1 (%56) erkekler olusturmustur. Battalgazi ve Yesilyurt ilgelerinde
gbrev yapan Ogretmenlerin sirasiyla 68 kisi (%52.3) ve 50 kisi (%50) ile gogunlugunun 20 yil lizerinde
mesleki deneyime sahip oldugu gorilmistir. Bu ilgelerdeki 6gretmenler, egitim durumu bakimindan
incelendiginde ise ¢cogunlugu 110 kisi (%84.6) ve 86 kisi (%86) ile lisans dizeyinde egitim durumuna
sahiplerdir. Her iki ilcedeki 6gretmenlerin mezun olduklari fakilte turiine gére cogunlukla egitim
fakiltesinde 58 kisi (%44.6) ve 53 kisi (%53) yer aldig1 gorilmustir. Alanlara gére dagilimin neredeyse
yarisini Battalgazi ilgesinde 58 kisi (%44.6) ve Yesilyurt ilgesinde ise 45 kisi (%45) ile sozel alanlar
olusturmustur. Battalgazi ve Yesilyurt ilgelerindeki 6gretmenlerin gorev yaptiklari okul tirlerine goére
siraslyla mesleki ve teknik anadolu lisesi 50 kisi (%38,5) ve anadolu lisesinin 38 kisi (%38) ile 6ne ¢iktig
gorulmistir.

Ogrenci calisma grubu: Arastirmanin égrenci agisindan c¢alisma grubunu Malatya ilinin Battalgazi ve
Yesilyurt merkez ilgelerinde yer alan 2020-2021 6gretim yil birinci doneminde MEB’e bagli ortadgretim
kurumlarinin 11. sinifinda 6grenim goéren 3005 6grenci olusturmustur.

Tablo 2.
Ogrenci Calisma Grubunun Demografik Ozellikleri
Battalgazi ilgesi Yesilyurt ilgesi
f % f %
Kiz 763 41.6 655 55.8
Cinsiyet Erkek 1070 58.3 517 44.1
Toplam 1833 100.0 1172 100.0
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Mesleki ve Teknik 428 23.3 153 13.0

Anadolu Lisesi

Anadolu imam 512 27.9 - -
Okul Tura Hatip Lisesi

Anadolu Lisesi 893 48.7 816 69.6

Fen Lisesi 203 17.3

Toplam 1833 100.0 1172 100.0

“_u

Not. Veri elde edilemeyen degiskenler “-“ ile gbsterilmistir.

Battalgazi ilgesindeki 6grencilerin 763’Unl (%41.6) kizlar, 1070’ini (%58.3) erkekler; Yesilyurt ilcesinde
ise 655’ini (%55.8) kizlar, 517’sini (%44.1) erkekler olusturmustur. Ogrenim gériilen okul tiiriine gére en
fazla 6grenci Battalgazi ilgesinde 893 6grenci (%48.7) ve Yesilyurt ilcesinde ise 816 6grenci (%69.6) ile
anadolu lisesi 6ne ¢cikmistir.

Veri Toplama Siireci

Arastirma icin &ncelikle Hacettepe Universitesinden Etik Komisyon izni (20.03.2020 tarihli 35853172-
300-E.00001052577 sayi no) alinmistir. Ardindan Arastirma izni ise Malatya il Milli Egitim Miidurltginden
alinmistir. Arastirmanin veri toplama sirecinin birinci asamasinda, 6gretmenlerin 6zerklik algilarini
Olcebilmek icin bir 6lgek gelistiriimesine karar verilmistir. Bunun igin 6lgek gelistirme adimlarindan olan
madde havuzu olusturma, madde ifadelerinin &n incelemesi ve verilerin 6n uygulamasi yapilmistir. On
uygulamaya Malatya ilinin Battalgazi ve Yesilyurt merkez ilcelerinde yer alan 2020-2021 6gretim yili birinci
doneminde MEB’e bagh ortadgretim kurumlarinda gérev yapan 187 6gretmen katilmistir. Gerekli analizler
yapilarak Ogretmen Ozerkligi Algi Olcegi arastirma igin hazir hale getirilmistir.

Arastirmanin veri toplama siirecinin ikinci asamasinda ise 6gretmen 6zerkligi degiskenine iligkin veriler
2020-2021 dgretim yili ikinci ddneminde arastirmacilar tarafindan gelistirilen Ogretmen Ozerkligi Alg
Olgegi’yle Google Form araciligiyla toplanmistir. Ogretmen ve 6grenci verilerinin elde edildigi okullar ayirt
edebilmek icin farkli Google Form linkleri olusturulmustur. Ayrica ortadgretim 11. sinif 6grencilerine
egitim veren 6gretmenleri belirleyebilmek icin de Google Formu’na “2020-2021 6gretim yilinin birinci
doneminde 11. sinif 68rencilerine egitim verdiniz mi?” seklinde bir onay sorusu eklenmistir. Boylelikle
formdaki Ogretmen Gonillii Katim Formu’nu ve bu onay sorusunu onaylayan 6gretmenler, Kisisel Bilgi
Formu’na ve Ogretmen Ozerkligi Algi Olgegi’'ne gecis yapabilmislerdir. Arastirmanin 6grencilere ait dénem
sonu bagsari puani degiskenine iliskin verileri ise Covid-19 salgini nedeniyle okullardaki miidir ve mudur
yardimcilari araciligiyla toplanmistir. S6z konusu yoneticiler 6grencilerin 2020-2021 6gretim yili birinci
dénem sonu basari puanini e-okul sisteminden 6grencilerin kisisel bilgilerini silerek arastirmacilar ile
paylasmislardir. Ogrencilerin sayisina ve cinsiyetine iliskin bilgileri ise sozli olarak arastirmacilara
sunmuglardir. Arastirma icin ulasilan veriler, 23.03.2021-02.04.2021 tarihleri arasinda toplanmustir.

Veri Toplama Araglari

D6énem sonu basari puani: MEB Ortaégretim Kurumlari Yonetmeligi'nde (2019) dénem sonu basari
puani yerine 6grencinin yil boyunca 6grenimini temel alan “yil sonu basari puani, derslerin agirlikh puanlari
toplaminin bu derslerin haftalik ders saatleri toplamina béliimiiyle elde edilen puan” (s. 35) seklinde
tanimlanmistir. Dolayisiyla bu arastirmada temel alinan dénem sonu basari puani ifadesini 6grencilerin
dénem boyunca aldiklari derslerin agirlikli puanlari toplaminin bu derslerin haftalik ders saatleri toplamina
bolimiiyle elde edilen puani olusturmustur.

Kisisel bilgi formu: Arastirma sorularinda yer alan degiskenlere iliskin veri toplamak icin arastirmacilar
tarafindan Kisisel Bilgi Formu hazirlanmistir. Bu form; cinsiyet, mesleki deneyim, egitim durumu, goérev
yapilan okul tiiri, mezun olunan fakiilte ve alan tiri olmak Gizere alti sorudan olusmustur.

Ogretmen ozerkligi alg1 o6lgegi: Ogretmenlerin &zerklik algilarini dlcebilmek igin arastirmacilar
tarafindan Ogretmen Ozerkligi Algi Olcegi gelistirilmistir. Bunun igin 6ncelikle alanyazindaki
arastirmalardan, gelistirilmis anket ve 6lgeklerden (Colak, 2016; Friedman, 1999; Garvin, 2007; Karabacak,
2014; Pearson & Hall, 1993; Ulas-Marbouti, 2015; Uziim, 2014) sadece fikir olarak yararlanilarak
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arastirmacilar tarafindan 51 maddeden olugan bir madde havuzu olusturulmustur. Ardindan bu madde
ifadelerinin 6n incelemesi igin ortadgretim kademesinde gorev yapan sekiz 6gretmenin gorusine
basgvurularak anlam belirsizligine sahip ve benzer yapida olan maddeler havuzdan cikarilmistir. Geriye
kalan 47 maddenin 6lgllmek istenen igerik ile uyumunu inceleyebilmek ve kapsam gecerligine iliskin kanit
saglayabilmek icin uzman gérislerinin degerlendirilmesi asamasina gegilmistir. iki asamadan olusan bu
siirecte &ncelikle Egitim Programlari ve Ogretim ABD’den ili¢ uzman, Egitimde Olcme ve Degerlendirme
ABD’den l¢ uzman, Egitim Yonetimi, Teftisi, Planlamasi ve Ekonomisi ABD’den iki uzman olmak uzere sekiz
uzmandan maddelerin ifade yeterligine iligkin gorusleri ve onerileri alinmistir. Bu gorisler ve Oneriler
aracihgiyla benzer anlam tasiyan maddeler dizenlenmistir. Ardindan incelemeler sonrasinda taslak
dlcekte kalan 26 madde tekrar Egitim Programlari ve Ogretim ABD’den bes uzman, Egitimde Olgme ve
Degerlendirme ABD’den iki uzman, Egitim Yonetimi, Teftisi, Planlamasi ve Ekonomisi ABD’den dort uzman
olmak {zere 11 uzmana goénderilerek Lawshe teknigine (1975) gore kapsam gecerlik indeksi
hesaplanmistir. Uzman degerlendirmeleri sonucunda kalan 20 madde ifadesi ile maddelerin hedef gruba
uygunlugunu inceleyebilmek icin taslak 6lgek ile 187 6gretmenden veri toplanarak 6lgegin 6n uygulamasi
yapilmistir. Sonrasinda Ogretmen Ozerkligi Algi Olcegi'nin gegerlik ve giivenirlik kanitlar icin yapilan
analizler, asagidaki baslikta sunulmustur. Sonug olarak 11 madde ve sinifta 6zerklik, okulda 6zerklik ve
mesleki &zerklik olmak iizere ii¢ faktdérden olusan Ogretmen Ozerkligi Algi Olcegi gelistirilmistir. Olgek,
beni hi¢ yansitmiyor (1), beni biraz yansitiyor (2), beni ¢ogunlukla yansitiyor (3) ve beni tamamen
yansitiyor (4) seklinde dortli derecelendirmeden olusmustur. Olcekte ters puanlanan madde
bulunmamaktadir.

Arastirmanin Gegerligi ve Giivenirligi

Bu baslik altinda Ogretmen Ozerkligi Algi Olcegi'nin gecerlik ve giivenirlik bulgulari sunulmustur.
Arastirma verileri SPSS 26.0 ve AMOS 24.0 paket programlarinda analiz edilmistir.

Arastirmanin gegerligine iliskin bulgular: Ogretmen Ozerkligi Algi Olgegi’nin gegerligine iliskin kanit
saglamak icin Olcegin kapsam gecerligi ve yapi gecerligi incelenmistir. Bu baglamda 6ncelikle Olgcegin
kapsam gecerligine iliskin 11 uzmandan Lawshe teknigine gére goriis alinmis ve verilen yanitlara gore
olcegin kapsam gecerlik indeksi hesaplanmistir. Ulasilan kapsam gecerlik indeksi (.75), 11 uzman igin
belirtilen kapsam gecerlik 6l¢ttiinden (.59) (Lawshe, 1975) yiksek oldugu icin bu bulgunun 6lcegin kapsam
gecerligi icin anlamli bir veri sundugu sdylenebilir. Ardindan dlcegin yapi gegerligine kanit saglamak igin
acimlayici ve dogrulayici faktér analizi uygulanmistir. Bunun igin dncelikle 6lgegin 6n uygulamasi igin 187
o6gretmenden veri toplanmis ve ug veri olan ¢ adet veri silinerek 184 6gretmen verisiyle agimlayici faktor
analizi yapilmistir. Agimlayici faktor analizi sonucunda faktor yik degerleri 0.84 ile 0.58 arasinda degisen,
toplam varyansin %61.51’ini agiklayan ve Ug faktorden (sinifta 6zerklik, okulda 6zerklik, mesleki 6zerklik)
olusan bir 6lgek gelistirilmistir. Olcegin agimlayici faktdr analizi sonrasinda olusan (¢ faktorlii yapisini test
etmek amaciyla arastirmanin 245 6gretmen verisiyle dogrulayici faktor analizi yapilmistir. Yapilan analiz
sonucunda Ug faktor ve 11 maddeden olusan bir dogrulayici faktér analizi modeli elde edilmistir. Ulasilan
modelin dogrulanabilmesi icin hesaplanan uyum indeksi degerleri ise séyledir: X*/sd=1.81, GFI=.95, AGFl=
.92, CFl= .96, RMSEA= .06, RMR= .03, SRMR= .05, NFI=.92’dir. Ulasilan uyum indeksi degerleri, modelin
iyi dlizeyde uyum sagladigina isaret etmektedir.

Arastirmanin giivenilirligine iliskin bulgular: Ogretmen Ozerkligi Algi Olcegi’nin giivenirligine iliskin
kanit saglamak icin 6lcegin Cronbach Alpha (a) i¢ tutarhlik katsayisi ve madde-toplam puan korelasyonlari
incelenmistir. Bu baglamda oOlcegin agimlayici faktor analizinin yapildigi 6n uygulama verileriyle
hesaplanan Cronbach Alpha (a) i¢ tutarlilik katsayilari dlcegin tiimi icin .86; faktorlere gore ise Sinifta
Ozerklik .79, Okulda Ozerklik .70, Mesleki Ozerklik .78 olarak hesaplanmistir. Buna ek olarak dlcegin
dogrulayici faktor analizinin yapildigi uygulama verileriyle hesaplanan Cronbach Alpha (a) i¢ tutarlilik
katsayilari dlgegin timi igin .80; faktérlere gore ise Sinifta Ozerklik .68, Okulda Ozerklik .72, Mesleki
Ozerklik .78 olarak hesaplanmistir. Bu baglamda, Biiyiikdztiirk’iin (2020) Cronbach Alpha ic¢ tutarlilik
katsayisinin .70 ve daha yilksek olmasi 6lcek gilivenirligi icin yeterli kabul edilir, ifadesi dikkate alinarak
mevcut 6lgegin giivenirligi yeterli bulunmustur. Olgegin Cronbach Alpha (a) ic tutarlilik katsayilarina ek
olarak maddelerin icerikle tutarliigini inceleyen madde-toplam puan korelasyonlari hesaplanmistir.
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Olgcegin 6n uygulama verileriyle hesaplanan madde-toplam puan korelasyonlari .41 ile .74 arasinda;
oOlgegin uygulama verileriyle hesaplanan madde-toplam puan korelasyonlari ise .35 ile .72 arasinda
degistigi gorilmustir. Olgegin gerek Cronbach Alpha (a) ic tutarlilik katsayilar gerekse madde-toplam
puan korelasyonlari incelendiginde 6lgegin i¢ tutarhginin yeterli oldugu ve bu durumun da olgegin
givenirligine kanit sagladigi séylenebilir.

Verilerin Analiz Siireci

Arastirmanin birinci arastirma sorusuna yanit bulabilmek icin ¢oklu regresyon analizi yapilmasi
distnilmastir. Bu baglamda, coklu regresyon analizinin yapilabilmesi icin veri setinin “vakalar ile
bagimsiz degiskenler arasindaki oran, bagiml ve bagimsiz degiskenlerde sapkin degerlerin bulunmamasi,
¢oklu birlikte dogrusallik ve tekilligin bulunmamasi, artiklarin normalligi, dogrusalligi ve esvaryanshhg”
(Tabachnick & Fidell, 2012/2020, s. 123-128) gibi varsayimlari saglamasi gerekir. Arastirma 245 6gretmen
verisiyle birinci varsayimi karsilamistir. ikinci varsayim olan bagimh ve bagimsiz degiskenlerde sapkin
degerleri incelemek icin verilerin Mahalanobis uzakliklari hesaplanarak 15 ug veri temizlenmis ve
arastirmaya 230 6gretmen verisiyle devam edilmistir. Uglincii varsayim olan ¢oklu birlikte dogrusalligin
varhgini incelemek igcin bagimsiz degiskenler arasinda korelasyon katsayilari .27, .37 ve .42 olarak
hesaplanmis ve ¢oklu birlikte dogrusallik olan .90’dan daha yiksek bir degerin bulunmadigi gériilmustir.
Bununla birlikte arastirmada bagimsiz degiskenler, herhangi iki degiskenin birlesiminden olusmadigi igin
tekillik de bulunmamistir. Bu verilere ek olarak arastirmada tolerans degerleri .74 ile .84, VIF degerleri 1.18
ile 1.33 ve Cl degerleri 1.00 ile 23.10 arasinda bulunmasi da bu varsayimi desteklemistir. Coklu regresyon
analizinin son varsayimi icin de verilerin artiklarinin sagihm grafigi incelenmis ve veriler bir gizgi Gzerinde
dagildigi icin bu varsayim da saglanmistir. Bu bilgilerden hareketle arastirmanin birinci arastirma sorusu
icin tiim varsayimlar saglanarak ¢oklu regresyon analizi yapiimistir.

Arastirmanin ikinci aragtirma sorusuna yanit bulabilmek icin MANOVA testinin yapilmasi planlanmis
ancak varsayimlar saglanamadigi icin vazgecilmistir. Dolayisiyla her bir bagimh degisken icin ANOVA
testinin yapilmasi distinilmus fakat her bir bagimh degisken icin uygulanan Levene testi bulgularina (p=
.00, p= .00, p=.00, p< .05) gore varyanslarin esitligi saglanamamistir. Bu yiizden her bir bagimh degisken
icin nonparametrik bir test olan Kruskal-Wallis H testi ve ortaya ¢ikan farklihgin hangi okul tirleri arasinda
oldugunu inceleyebilmek icin de Mann-Whitney U testi yapilmistir. Buna ek olarak bagimsiz degiskenin
bagiml degiskenler lizerindeki etkisini belirlemek icin kismi eta kare (n?) katsayisi hesaplanmistir.

Arastirmanin Uglncl arastirma sorusuna yanit bulabilmek igin MANOVA’nin birinci varsayimi
incelendiginde bagiml degiskenlerin (sinifta 6zerklik, okulda 6zerklik, mesleki 6zerklik) her bir bagimsiz
degisken (alan tlrine) grubuna gore carpiklik katsayilarinin -.98 ile .10; basiklik katsayilarinin ise -.95 ile
.32 arasinda degistigi gorilmustir. Bu degerler yaklasik olarak -1 ile +1’e yakin oldugu igin veri setinin
normal dagilimdan sapma gostermedigi soylenebilir. Arastirmanin ¢oklu normalligi icin degiskenlerin
Mahalanobis uzakliklari da hesaplandiginda u¢ degerin bulunmadigi gézlenmistir. ikinci varsayim olan
bagimli degiskenler arasinda dogrusal bir iliskinin olmasi durumu birinci arastirma sorusunun
varsayimlarinda saglandigi igin tekrar hesaplanmamistir. Son varsayim olan varyans-kovaryans
matrislerinin homojenligi incelenmis ve Box Matrislerin Esitligi testi bulgusu (p= .50, p>.05); Levene testi
bulgusu ise (p=.09, p=.57, p=.87, p>.05) bulunmustur. Dolayisiyla test bulgulari .05 degerine gére anlaml
oldugu icin bu varsayim da saglanmistir. Bu bilgilerden hareketle arastirma icin tiim varsayimlar saglanarak
MANOVA testi yapilmistir. Buna ek olarak bagimsiz degiskenin bagiml degiskenler Gzerindeki etkisini
belirlemek igin kismi eta kare (n?) katsayisi hesaplanmistir. Varyanslarin esitliginin saglandigi ve
orneklemler arasinda farkliligin oldugu durumlarda kullanilan ¢oklu karsilastirma testi olan Bonferroni
Testi (Miller, 1981) ise degiskenler arasinda anlamli farkhlik olmasi durumunda farkin yéniini belirlemek
icin hesaplanmistir.

Bulgular

Arastirmanin birinci arastirma sorusuna yanit bulabilmek icin ¢oklu regresyon analizi yapilmistir. Bu
arastirma sorusuna iliskin betimsel istatistikler hesaplanmistir.
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Tablo 3.
Ogrencilerin Dénem Sonu Basari Puanina ve Ogretmenlerin Ozerklik Algisina iliskin Betimsel Istatistikler
N X Ss
D6nem sonu basari puani 3005 80.38 12.24
Sinifta 6zerklik 230 3.51 .43
Okulda 6zerklik 230 2.94 72
Mesleki 6zerklik 230 3.16 .68

Calisma grubunda yer alan 6grencilerin (N= 3005) dénem sonu basari puani ortalamasi 80.38 ve
standart sapmasi 12.24’tur. Yukaridaki tabloda yer alan puanlarin ortalamalari incelendiginde,
o0gretmenlerin sinifta 6zerklik ve mesleki 6zerklik algisinin okulda 6zerklik algisina gére daha yilksek oldugu
soylenebilir.

Arastirmanin birinci arastirma sorusu igin yapilan ¢oklu regresyon analizinde yordayici degiskenler
ogretmenlerin 6zerklik algisi (sinifta 6zerklik, okulda 6zerklik, mesleki 6zerklik); yordanan degisken ise
ortaégretim 11. sinif 6grencilerinin dénem sonu basari puanidir.

Tablo 4.
Ogretmenlerin Ozerklik Algisinin Ogrencilerin Dénem Sonu Basari Puanini Yordamasina lliskin Coklu
Regresyon Analizi Degerleri

Degisken B Standart B t p ikili Kismi
Hata r r

Sabit 62.26 6.68 --- 9.33 - -- --
Sinifta 2.47 1.98 .08 1.24 .21 13 .08
Ozerklik
Okulda 4.43 1.20 .26 3.66 .00* .25 .23
Ozerklik
Mesleki -1.13 1.31 -.06 -.86 .38 .07 -.05
Ozerklik
R=.27 R2=.07 F(3,226)= 6.00

*p< .05

Sinifta 6zerklik, okulda 6zerklik, mesleki 6zerklik degiskenleri ile 6grencilerin donem sonu basari puani
arasinda anlamh bir iligki (R= .27, R%= .07, F@,226)= 6.00, p< .05) vardir. Séz konusu (¢ degisken birlikte
Ogrencilerin dénem sonu basari puanindaki degisimin %7’sini agiklamistir. Standartlastiriimis regresyon
katsayilarina gore yordayici degiskenlerin 6grencilerin donem sonu puanlari Gzerindeki géreli 6nem sirasi,
okulda o6zerklik (B= .26), sinifta 6zerklik (B= .08) ve mesleki 6zerklik (B= -.06) seklindedir. Regresyon
katsayilarinin anlamlilik testleri géz 6niine alindiginda, yordayici degiskenlerden sadece okulda 6zerklik
(p< .05) degiskeni 6grencilerin dénem sonu basari puani izerinde anlamli yordayicidir. Buna karsin sinifta
ozerklik ve mesleki 6zerklik degiskenlerinin ise 6grencilerin donem sonu basari puanini yordamasi
bakimindan anlamli degildir. Yordayici degiskenlerle 6grencilerin donem sonu basari puani arasindaki
iliskiler incelendiginde, okulda 6zerklik ile (r=".25), [diger yordayici degiskenlerin etkisi kontrol edildiginde
(r=".23)]; sinifta 6zerklik ile (r= .13), [diger yordayici degiskenlerin etkisi kontrol edildiginde (r= .08)];
mesleki 6zerklik ile (r=.07), [diger yordayici degiskenlerin etkisi kontrol edildiginde (r= -.05)] diizeyinde
korelasyon gdstermistir.

Regresyon analizi bulgularina gore, 6grencilerin donem sonu basari puanini yordayan regresyon
denklemi su sekildedir: Donem sonu basari puani = (4.43 x okulda 6zerklik) + (2.47 x sinifta 6zerklik) + (-
1.13 x mesleki 6zerklik) + (62.26).

Arastirmanin ikinci arastirma sorusuna yanit bulabilmek icin her bir bagiml degiskene Kruskal-Wallis
H testi yapilmistir.
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Tablo 5.
Ogretmenlerin Ozerklik Algisinin Okul Tiiriine Gére Farkliligina iliskin Kruskal-Wallis H Testi Degerleri
Okul Tiirii n Sira Ort. sd X? p Kismi
n?

Mesleki ve Teknik 81 113.52 3 6.16 .10
Anadolu Lisesi

Sinifta Anadolu imam 39 110.49

Ozerklik Hatip Lisesi
Anadolu Lisesi 83 110.34
Fen Lisesi 27 144.52
Mesleki ve Teknik 81 110.70 3 42.64 .00* 16**
Anadolu Lisesi
Anadolu imam 39 91.09

Okulda Hatip Lisesi

Ozerklik Anadolu Lisesi 83 107.09
Fen Lisesi 27 191.00
Mesleki ve Teknik 81 111.07 3 1.95 .58
Anadolu Lisesi
Anadolu imam 39 119.68

Mesleki Hatip Lisesi

Ozerklik Anadolu Lisesi 83 113.11
Fen Lisesi 27 130.09

*p<.05, **Etki buyuklugi

Ogretmenlerin okul tiiriine gére sinifta dzerklik (X?3)= 6.16, p> .05) ve mesleki 6zerklik (X?z)= 1.95, p>
.05) algilarinda anlamli farkhlik yokken okulda ézerklik (X?3)= 42.64, p< .05) algisinda anlamli farklihk vardir.
Sézi edilen okulda ézerklik degiskeninin farkliliginin etki biyikligi incelendiginde kismi eta kare (n?)
degerinin .16 oldugu gorilmistir. Bu degere gore, okulda 6zerklik degiskeninin yaklasik %16’sinin okul
turd degiskenine bagh oldugu séylenebilir. Bu farkhihgin hangi okul tirleri arasinda olduguna iliskin veri
saglamak igin Mann-Whitney U testiyle okul tirlerinin ikili kiyaslamasi yapilmistir.

Tablo 6.
Ogretmenlerin Okulda Ozerklik Algisinin Hangi Okul Tiirleri Arasinda Olduguna lliskin Mann-Whitney U
Testi Degerleri

Okul Tiira p
Mesleki ve Teknik Anadolu Lisesi-Anadolu imam Hatip Lisesi 14
Mesleki ve Teknik Anadolu Lisesi- Anadolu Lisesi .76
Mesleki ve Teknik Anadolu Lisesi- Fen Lisesi .00*
Anadolu imam Hatip Lisesi- Anadolu Lisesi .18
Anadolu imam Hatip Lisesi- Fen Lisesi .00*
Anadolu Lisesi- Fen Lisesi .00*
*p< .05

Mann-Whitney U testi ile yapilan ikili kiyaslamalara goére 6gretmenlerin okulda 6zerklik algisinin okul
tirlne gore farkliliginin mesleki ve teknik anadolu lisesi ile fen lisesi (p< .05), anadolu imam hatip lisesi ile
fen lisesi (p< .05) ve anadolu lisesi ile fen lisesi (p< .05) okullari arasinda oldugu goralmustar.

Arastirmanin Gglincl arastirma sorusuna yanit bulabilmek icin MANOVA testi yapilmistir.
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Tablo 7.
Ogretmenlerin Ozerklik Algisinin Alan Tiiriine Gére Farklilasma Durumuna iliskin MANOVA Anlamiilik
Testi Degerleri

Wilks’ F Hipotez sd Hata sd p Kismi n?
Lambda
Alan 91 2.16 9.00 545.30 .02* .02

*p<.05

MANOVA testine gére ulasilan (Wilks’A= .91, F.sas)= 2.16, p< .05, kismi n?= .02) degerler
incelendiginde O6gretmenlerin 6zerklik algisinda, alan tiirline gére anlaml farkhlik vardir. Sézi edilen
farkhhgin etki blyikligi incelendiginde kismi eta kare (n?) degerinin .02 oldugu gériilmiistiir. Bu degere
gore, ogretmenlerin ozerklik algisinin yaklagik %2’sinin alan degiskenine bagl oldugu sdylenebilir.
Bagimsiz degiskenin bagimh degiskenler lizerindeki farkliik durumunu incelemek amaciyla analizin bir
sonraki asamasina gegilmistir.

Tablo 8.

Ogretmenlerin Ozerklik Algisinin Alan Tiiriine Gére Farkhilasma Durumuna fliskin MANOVA Testi Dederleri
Ba%',mh Alan Tiirii n X ss sd F K'S;m
Degisken n

Sayisal Alanlar 60 3.55 42
Sinifta Sozel Alanlar 109 3.51 .43
Azerklik Mesleki Alanlar 38 3.35 46 3-230 2.88 .03* .03
Sanat ve Spor Alanlari 23 3.66 .29
Sayisal Alanlar 60 3.08 .67
Sozel Alanlar 109 2.89 77
Okulda .
- . Mesleki Alanlar 38 2.78 .63 3-230 1.84 .14
Ozerklik
Sanat ve Spor Alanlari 23 3.07 .65
Sayisal Alanlar 60 3.05 .67
Mesleki Sozel Alanlar 109 3.19 .70
Azerklik Mesleki Alanlar 38 3.13 .69 3-230 1.17 .32
Sanat ve Spor Alanlari 23 3.34 .66
*p< .05

Ogretmenlerin sinifta 6zerklik algisinda (Fz-230= 2.88, p< .05, kismi n?=.03), alan tiiriine gére anlamli
farkhhk vardir. Buna karsin 6gretmenlerin okulda 6zerklik algisinda (F(3-230= 1.84, p> .05) ve mesleki
ozerklik algisinda (F3-230=1.17, p>.05), alan tlrlne gore anlamli farklilik yoktur. S6zi edilen sinifta 6zerklik
degiskeninin farkliliginin etki buyikligi incelendiginde kismi eta kare (n?) degerinin .03 oldugu
gorulmistir. Bu degere gore, sinifta 6zerklik degiskeninin yaklasik %3’tGnin alan degiskenine bagh oldugu
soylenebilir. Yapilan MANOVA testi sonucunda ortaya gikan sinifta 6zerklik degiskenindeki farkhhgin hangi
alan tirleri arasinda oldugunu belirlemek amaciyla ¢oklu karsilastirma testlerinden biri olan Bonferroni
testi yapilmistir.

Tablo 9.
Ogretmenlerin Sinifta Ozerklik Algisinin Alan Tiiriine Gére Farklihdina iliskin Bonferroni Testi Dederleri

E:gi:::en Alan (1) Alan (J) Gr::rlzr(l,:r)am Std. Hata p
Sozel Alanlar .04 .06 1.00

Sayisal Alanlar Mesleki Alanlar .19 .08 .15
Sinifta Sanat ve Spor Alanlari -.10 .10 1.00
Ozerklik Sayisal Alanlar -.04 .06 1.00
Sozel Alanlar Mesleki Alanlar .15 .08 .29

Sanat ve Spor Alanlari -.14 .09 .76
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Sayisal Alanlar -.19 .08 .15
Mesleki Alanlar ~ Sozel Alanlar -.15 .08 .29

Sanat ve Spor Alanlari -.30 A1 .04%*

Sayisal Alanlar .10 .10 1.00
Sanat ve Spor .

Sozel Alanlar .14 .09 .76
Alanlari .

Mesleki Alanlar .30 A1 .04*

*p<.05

Ogretmenlerin sinifta 6zerklik algisinin alan tiiriine gére farklilasma durumunun 6gretmenlerin
mesleki alanlari (p< .05) ile sanat ve spor alanlari (p< .05) arasinda oldugu gorilmistir.

Tartisma ve Sonug¢

Arastirmanin birinci arastirma sorusuna gore Ogretmenlerin sinifta, okulda ve mesleki gelisim
faaliyetlerinde karar alirken yetki ve 6zglirlige sahip olmasi ile 6grencilerin donem sonu basari puanlari
arasinda iliski oldugu sonucuna ulasiimistir. Buradan hareketle yapilan alanyazin taramasi sonucunda bu
iliskiye yonelik ¢cok az arastirmaya rastlanmistir. Bu arastirmanin sonucunu destekleyen 2009 PISA’ya
katilan dlkelerin verilerinin incelendigi bir calismada, 6gretmen oOzerkligi ile 6grenci basarisi arasinda
pozitif ve anlamli bir iliski oldugu sonucuna ulasiimistir (Ayral vd., 2014). Benzer bigimde lwata’nin (2013)
arastirmasinda, 6gretmenlerin 6zerk davraniglarinin 3., 4. ve 5. sinif 6grencilerinin yaraticiliginin
%22.9’unu agikladigi goérilmustir. Bunun yani sira 2015 PISA sonuglarina gore 6gretim programi izerinde
ozerklige sahip 6gretmenlerin bulundugu (lkelerde 6grencilerin fen basarisinin daha yiksek oldugu
gorulmuistir. Diger bir deyisle, 6gretmenin 6gretme slrecini ve ders icerigini farkli becerilere sahip
dgrencilere gére uyarlamasi dgrenci basarisini etkilemektedir (Ekonomik Kalkinma ve is Birligi Orgiiti
[OECD], 2016). Ote yandan bu sonuglar ile gelisen bir arastirmada ise égretmenlerin 6zerklik algisinin 8.
sinif 6grencilerinin fen basarisini anlamli bir sekilde yordamadigi sonucuna ulasiimistir (Gurganious, 2017).
Yukarida sunulan arastirma sonuglari incelendiginde, 6gretmen 6zerkligi ile 6grenci basarisi degiskenlerini
ele alan arastirmalarda birbirinden farkli sonuglara ulasiimistir. Bu sonuglardan bazilari arastirmanin
sonucunu desteklerken bazilarinin ise desteklemedigi gérilmektedir.

Arastirmanin birinci arastirma sorusunun diger sonucuna gore 6gretmenlerin sinifta, okulda ve mesleki
gelisim faaliyetlerinde karar alirken yetki ve 6zgilrlige sahip olmasi, 6grencilerin dénem sonu basari
puanindaki degisimi gorece dusik acgiklamistir. Bu sonuca ek olarak, 6gretmenlerin sinifta ve mesleki
gelisim faaliyetlerinde karar alirken yetki ve 6zglirlige sahip olmasinin 6grencilerin donem sonu basari
puanini agiklamadigi (yordamadigi) sonucuna ulasiimistir. Bu sonucu etkileyen sebepler, 6grencinin sosyo-
ekonomik durumu, aile yapisi, gevresel faktérler, salgin vb. gibi dis etkenler olabilir. Ozellikle Covid-19
salgini sebebiyle 6grencilerin okullarindan ve sinif ortamindan uzak kalmasi, 6gretmenleriyle
etkilesimlerini azaltmis olabilir. Bunun yani sira 6gretmenlerin de salgin siirecinde 6gretim programini
farkli bir 6grenme ortamina uyarlamak zorunda kalmalari ve 6grencileriyle uzaktan iletisim kurmalari,
o6gretim slrecinin etkililigini zayiflatmis olabilir. Nitekim Sunar’a (2021) gére 6gretmenlerin salgin
slirecinde degisen kararlara uyum saglama, zorluklarla basa ¢ikma, siireci planlama, 6grencilerin 6grenme
eksikliklerini giderme ve onlara ulasma konusunda gilicliklerle ve zorluklarla karsi karsiya kaldiklari
belirtmistir. Ayrica bu slrecte 6gretmenler 6grencilerle iletisimde yetersizlik (Cakin & Kilekgi-Akyavuz,
2020), teknik alt yapi eksikligi ve 6lgme ve degerlendirmede sorunlar (Balaman & Hanbay-Tiryaki, 2021)
yasadiklarini belirtmislerdir. Bu baglamda Covid-19 salgini slirecinde yasanan bu tiir problemlerin
arastirmanin sonuglarini etkilemis olabilecegi soylenebilir. Arastirmanin diger bir sonucuna goére
6gretmenlerin okulda yuritilen toplanti, kurul ve 6grencinin sube degisikligi gibi kararlarinda ¢gekinmeden
gorislerini paylagsmalari ve karar alma siirecine katilmalarinin, 6grencilerin dénem sonu basari puanini
acikladig (yordadigl) sonucuna ulasilmistir. Ayral ve digerlerinin (2014) 2009 PISA’ya katilan (lkelerde,
ogretmenlerin okulla ilgili disiplin ve degerlendirme politikalarina katilmalari ile 6grenci basarisi arasinda
pozitif yonde orta diizeyde ve anlaml bulunan iligki, bu arastirmanin sonucunu desteklemektedir. Nitekim
Kirkgt (2019), 6grencinin basarisinin olusmasinda okuldaki her bir paydasin belli oranda etkisinin
olabilecegini belirtmistir. Ornegin Min (2017) okul ydnetimi ve meslektaslari tarafindan desteklenen
o6gretmenlerin, bireysel olarak 6z yeterlik inanclari besledikleri ve 6gretim programini zenginlestirmek icin
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dzerk davranislar sergileme egiliminde olduklari sonucuna ulagmistir. Ogretmenden giic alan ve
O0gretmene 6zglr bir hareket alani taniyan okullardaki 6gretmenlerin, mudir odakh merkeziyetgi bir
yapiya sahip okullardaki 6gretmenlere gore 6gretim programi 6zerkliklerinin daha yiksek dizeyde oldugu
gorulmistir (Wright, 2018). Benzer bigimde bir diger arastirmada ise 6gretmenin okul yonetimiyle ilgili
kararlarda etkin bir katilimci olmasinin, yapisal ve psikolojik olarak gii¢lendirilmesinin ve destekleyici bir
ortamin saglanmasinin 6gretmen 6zerkligini artirdigi sonucuna ulasilmistir (Yorulmaz vd., 2018). Bu
baglamda demokratik bir ¢alisma ortamina sahip okullarin 6gretmen &zerkligini gelistirerek 6grenci
basarisi ile ilgili kararlarda 6gretmenlerin fikir ve goruslerini dikkate aldigi gériilmektedir (Lepine, 2007).
Oyle ki 6zerklik, etkilesim ve 6zgir katim alaninin oldugu giivene dayali bir ortamda gelismektedir
(Koehler, 1990). Dolayisiyla 6gretmene okulda katihmci ve destekleyici bir ¢alisma ortami sunularak
okulda 6zerklik saglanmasi durumunun, 6grencinin 6grenme performansini ve basarisini olumlu yonde
etkileyebilecegi sdylenebilir.

Arastirmanin ikinci arastirma sorusuna gore, 6gretmenlerin okulda karar alirken yetki ve 6zgurliik
alanina sahip olmalari 6gretmenlerin gorev yaptigi okul tirine gore farklilasmaktadir. Buna karsin, sinifta
ve mesleki gelisim faaliyetlerinde karar alirken yetki ve 6zgtirlik alanina sahip olmalari, okul tiriine gére
farklilagmadigi sonucuna ulagilmistir. Bu arastirma sonucuna iliskin alanyazinda érneklem veya galisma
grubu ortadgretim 6gretmenlerinden olusan ve okul tiiri degiskenini inceleyen sadece (¢ arastirmaya
rastlanmistir. Ornegin Sentiirken’iin (2018) arastirmasinda, okul tiirii degiskenine gére &gretmenlerin
o6gretme sireci 6zerkligi ve mesleki gelisim 6zerkliginde anlamli farklilik varken 6gretim programi 6zerkligi
ve mesleki iletisim 6zerkliginde anlaml farklilik olmadigi sonucuna ulasmistir. Bunun yani sira Canbolat da
(2020), okul turh degiskenine gbre o6gretmen Ozerkligi tlrlerine gore benimseme ve uygulama
boyutlarinda farkli sonuglara ulasmistir. Benzer bigcimde diger bir arastirmada ise Orgiitsel Saghk
Anketi’'nin 6zerklik boyutuna gore ortadgretim 6gretmenlerinin sahip olduklari 6zerklik algilarinin okul
tira degiskeni bakimindan anlamh farkhhgin olmadigi tespit edilmistir (Uras, 2000). Yukarida sunulan
alanyazindaki benzer ve farkli arastirmalarin sonugclari incelendiginde, 6gretmenlerin 6zerklik algilarinin
okul turine gore farklilasma durumunun 6gretmenlerin sahip olduklari 6zerklik tirlerine gore degistigi
goriilmektedir.

Arastirmanin ikinci arastirma sorusunun ulastigl sonug, degiskenlere goére incelenecek olursa
ogretmenlerin okulda karar alirken yetki ve 6zgirliik alanina sahip olmalari gérev yaptiklari okul tiriine
gore farkhlagsmasinin sebebi, ortadgretim kademesinde yer alan her okulun galisma ortaminin birbirinden
farkli olmasi olabilir. Oyle ki her okul kendine 6zgii bir atmosfere sahiptir. Bireylerin géris ve fikirlerini
ozgilir bir sekilde paylasabildigi, katiimci ve destekleyici bir okul atmosferi 6gretmen o6zerkligini de
etkileyebilir. Dolayisiyla 6gretmen givene dayali ve huzurlu bir calisma ortaminda gergeklestirilen
toplanti, kurul ve etkinliklerde ¢cekinmeden gorislerini paylasarak 6zerk davranislar sergilerken sinirlayici
ve zorlayici bir okul ortaminda karar alma siirecine katilamayabilir. Dolayisiyla ortaégretim kademesinde
yer alan okul tiirleri de bu acidan farklilasiyor olabilir. Ote yandan arastirmada égretmenlerin sinifta ve
mesleki gelisim faaliyetlerinde karar alirken yetki ve 6zgirlige sahip olmalarinin, okul tiriine gore
farklilasmadigi sonucuna da ulasiimistir. Oyle ki Yavuz’a (2016) gore Tiirkiye’de MEB tarafindan belirlenen
cerceve Ogretim programi uygulanmakta ve egitimle ilgili tGm kararlar merkezden alinmaktadir.
Dolayisiyla bu durum 6gretmenlere, 6gretim siirecini ve sinif ortamini farklilastiracak bir olanak sunma
konusunda sinirli bir yapiya sahiptir (Sunar, 2018). Ote yandan &gretmenler gecmiste yiiz yiize, belli bir
mekan ve zamanda katildiklari mesleki egitimlere Covid-19 salgini sebebiyle zaman ve mekan sinirlamasi
olmaksizin katilabilme olanagi elde etmislerdir. Bu durum, 6gretmenlerin mesleki 6zerkliklerini kullanarak
istedikleri kurs, seminer ve etkinliklere katilabilmelerini saglamis olabilir.

Ogretmenlerin okulda karar alirken yetki ve &zgiirliik alanina sahip olmalarinin, okul tiiriine gére
farkinin hangi okul tirleri arasinda olduguna iliskin yapilan ¢oklu karsilastirmalar sonucunda, bu farkin
mesleki ve teknik anadolu lisesi ile fen lisesi, anadolu imam hatip lisesi ile fen lisesi ve anadolu lisesi ile fen
lisesi okullari arasinda oldugu gorilmustir. Belirtilen ikili karsilastirmalarda fen lisesinin 6ne ¢iktig
gorilmektedir. Bu sonucu bazi sebepler etkilemis olabilir. Ornegin, fen liselerinde var olan ¢alisma ortami
o6gretmenlerin kararlara katilimini destekleyen, demokratik ve destekleyici bir yapiya sahip olabilir. Bu
gorusl arastirmacilarin  veri toplama silirecinde fen liselerine gergeklestirdigi ziyaretler de
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desteklemektedir. Arastirmacilar bu ziyaretlerde yoneticilerin 6gretmene yonelik olumlu tutumlar
sergilediklerini, okul igi ve okul disi etkinliklerde 6gretmenleri desteklediklerini gézlemlemistir. Ayrica
MEB’in (2010) Millt Egitim Bakanligina Bagli Fen Liseleri ve Sosyal Bilimler Liselerinin Ogretmenleri ile
Giizel Sanatlar ve Spor Liselerinin Beden Egitimi, Miizik ve Gorsel Sanatlar/Resim Ogretmenlerinin Segimi
ve Atamalarina Dair Yonetmeligi'ne gore fen lisesinde gorev yapacak 6gretmenlerin mesleki deneyim ve
se¢me sinavi gibi Olgitlere gore secilmesi, bu okullardaki 6gretmenlerin belli niteliklere sahip olmalarini
gerekli kilmaktadir. Bu bakimdan fen lisesinde gérev yapan 6gretmenlerin belli niteliklere sahip olmasi,
ozerkliklerini destekliyor olabilir. Sentiirken (2018) de benzer bigcimde okul tirleri arasindaki farkta fen
lisesinin 6ne ¢iktigl sonucuna ulagmistir.

Arastirmanin Uglincli arastirma sorusuna gore 6gretmenlerin sinifta, okulda ve mesleki gelisim
faaliyetlerinde karar alirken yetki ve o6zgilirlige sahip olmalari, alan tlrline gore farklilasmaktadir.
Alanyazin incelendiginde Canbolat’in (2020) arastirmasinda 6gretmenlerin 6zerklik algisinin alan tirline
gore farklilastigl sonucuna ulasilmistir. Benzer bicimde diger bir arastirmada ise 6gretmenlerin 6zerklik
algisinin alan tirt degiskenine gore anlamh farklihk gosterdigi sonucuna ulasiimistir (Sentiirken, 2018).
Uglincii arastirma sorusunun ulastigi sonug, degiskenlere gére incelenecek olursa dgretmenlerin sinifta
karar alirken yetki ve o6zgiirlige sahip olmalari, alan tiriine gore farklilasmaktadir. Buna karsin,
O0gretmenlerin okulda ve mesleki gelisim faaliyetlerinde karar alirken yetki ve 6zgiirlige sahip olmalarinin,
alan tirtine gore farklilasmadigl sonucuna ulasilmistir. Her ne kadar Tiirkiye’de merkezden belirlenen bir
o6gretim programi uygulamasi var olsa da 6gretmenlerin 6grencilerin ilgi ve ihtiyacglarina gére sinif
diizeninde, icerikte ve Ogretme slrecinde diizenleme yapabildikleri sdylenebilir. Ayrica her alan
o6gretmeninin 6gretecegi icerigin birbirinden farkh olmasinin da 6gretme sirecini farkllastirdigi ve 6zerk
davranislarda bulunmalarini  sagladigi  séylenebilir. Ogretmenlerin okulda ve mesleki gelisim
faaliyetlerinde karar alirken yetki ve 6zgirlige sahip olmalarinin, alan tiiriine gére farklilasmamasinin
sebebi ise farkl alanlardaki 6gretmenlerin okul kararlarina katilma konusunda ve mesleki gelisim
tercihlerinde Covid-19 salgini nedeniyle esit derecede erisime ve se¢gme hakkina sahip olmalari olabilir.
Bulunan sonug alanyazindaki sonucu da desteklemektedir. Sentiirken (2018) de arastirmasinda, alan
tlrtine gore 6gretmenlerin 6gretim programi 6zerkliginde ve 6gretme sireci 6zerkliginde farkhlik varken
mesleki iletisim 6zerkligi ve mesleki gelisim 6zerkligi bakimindan farklilik olmadigi sonucuna ulagsmistir.

Ogretmenlerin alan farklihginin hangi alan tirleri arasinda oldugu incelendiginde mesleki alanlar ile
sanat ve spor alanlari arasinda oldugu gortlmastiir. Bunun sebebi sozii edilen alanlarin ders igeriklerinin
merkezi sinavlarda soru olarak yer almamasinin bu alanlardaki 6gretmenlerin sinif igindeki mesleki
faaliyetlerini kendi tercihlerine goére dizenleyebilmeleri ve 6gretim programini esnek bir sekilde
zenginlestirebilmeleri olabilir. Diger bir deyisle bu alanlardaki 6gretmenler derste kullanacaklari 6gretim
stratejisine, yontemine, teknigine, icerigi 6gretme sirasina ve degerlendirme araglarinin secimine iliskin
karar alirken diger alanlara gore daha fazla 6zgirlige sahip olabilirler. Canbolat (2020) da yaptig
arastirmada alan ogretmenlerinin merkezi sinavlar sebebiyle hareket alanlarinin sinirlandigina ve bu
sinavlarin baski unsuru olusturduguna iliskin sonuglara ulasmistir. S6zii edilen arastirmada, mizik ve
gorsel sanatlar alanlarindaki 6gretmenlerin 6gretme siireci 6zerkligini uygulanabilir diizeyde bulduklari
sonucuna ulasilmistir. Buna iliskin 6gretmenlerle yaptigi goriismelerde bu alanlardaki 6gretmenler,
sanatin dogasi geregi ancak bir 6zglrlik alani icerisinde ortaya ¢ikabilecegini ve sanatin 6znel bir yapiya
sahip oldugunu vurgulamislardir.

Oneriler

Arastirmada ulasilan sonuglar 1siginda arastirmacilar i¢in sunulabilecek 6neriler su sekilde belirtilebilir:
Ozel ve devlet okullarinda gdrev yapan dgretmenlerin dzerklik algilarinin farkli kademelerinde ve farkli
sinif seviyelerinde 6grenim goren 6grencilerin donem sonu basari puanini yordama durumuna iliskin
arastirmalar yapilabilir. Ayrica bu yordama durumunun sireg icindeki egilimini incelemek amaciyla
boylamsal ¢alismalar uygulanabilir. Buna ek olarak, 6zel ve devlet okullarinin farkl kademelerinde gérev
yapan 6gretmenlerin 6zerklik algilari arastirilarak farkli sosyoekonomik diizeylerde yer alan farkli okul
turlerine gore farklilasma durumu incelenebilir. Son olarak ise farkh sinifsal diizeylerde ¢alisan (lcretli,
kadrolu vb.), farkl egitim kademelerinde ve farkh alanlarda gérev yapan 6gretmenlerin 6zerklik algilarinin
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alan tiriine gore farklilasma durumu incelenebilir. Arastirmanin Turkiye’de ve yurt disinda 6gretmen
ozerkligi ile ilgili yurutiilecek aragtirmalara 6rnek olusturmasi beklenmektedir.

Arastirmada ulasilan sonuglar 1s18inda uygulayicilar igin sunulabilecek 6neriler su sekilde belirtilebilir:
Okul paydaslarinin destegiyle 6gretmenlerin 6zerklik algilari olumlu yonde desteklenerek 6grenci ile
etkilesimlerinde kullanmalari saglanabilir. Ayrica 6gretmenler igin okuldaki tim paydaslar tarafindan
giivene dayal paylasimci bir karar alma mekanizmasi olusturulabilir. Ogretmenlerin gerek 6gretimle ilgili
kararlarda gerekse yonetimle ilgili kararlarda s6z hakkina sahip oldugu ve uygulamaya aktarabildikleri ve
meslektaslariyla paylasim yapabilecekleri demokratik bir okul kiltiiri olusturulabilir. Bunun yani sira
arastirma bulgularinin 6gretmenlere, gorev alanlarinda kendilerine taninan yetkilerinin ve 6zgtrliklerinin
farkinda olmalarina, onlara taninan o6zerklik araciigiyla mesleki kimliklerini olusturabilmelerine ve
demokratik bir egitim gerceklestirebilmelerine yardimci olacagi umulmaktadir. Bu baglamda
ogretmenlerin 6gretmen o6zerkliginin anlamini kavrayabilmeleri ve siniflarinda uygulama becerileri
gelistirebilmeleri olanagi elde edebilmeleri beklenebilir. Program gelistirme uzmanlarina ise sinif ve okul
ortamlarinda 6zerk alanlar yaratan 6gretim programlarinin gelistirilmesi asamasinda veri sunabilecegi
distintlmektedir. Bununla birlikte politika yapicilara ve 6gretmen yetistiren kurumlardaki egitimcilere,
O0gretmen egitiminde 6gretmen oOzerkligi hususunda nelere dikkat edilmesi gerektigine yonelik bilgi
verebilecegi disuniilmektedir. Nitekim egitim fakultelerinin lisans programlarinda o6zerklige vurgu
yapilmasi ve kavramin igeriginin islevsel uygulamalarla 6gretmen adaylarina kazandirilmasi 6nemlidir. Bu
durumun o6gretmenlerin 6z givenli bir sekilde 6gretme siireclerini dizenleyebilen 6gretmenlerin
yetistirilmesine ve onlarin da benzer 6zgirlik alanini kullanan 6grencileri yetistirmelerine olanak
taniyabilecegi soylenebilir.

Yazar Katki Orani
Yazarlar, calismaya esit oranda katki sunmuglardir.
Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim kurallara
uyulmus ve yonergenin ikinci bélimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
hicbiri gerceklestirilmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.
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This study was performed to determine the effect of 12-weeks Karate and Salsa Dance
training on the physical fitness performances of university students. A total of 124
students (age: 21.35 * 1.59 year; height: 1.70 + 0.08 cm; body weight: 67.1 + 10.78 kg)
have voluntarily participated in the study. The participants were divided into three
groups using a random coin toss. The numbers of Karate group (KG), the Salsa Dance
Group (SDG) and Control Group (COG) are 43 people (20 female, 23 male), 40 people
(17 female, 23 male) and 41 people (12 female, 29 male), respectively. Technical training
programs including two days a week and 90 minutes a day for 12 weeks were applied to
the KG and SDG members accepting to the study. Body weight, height measurement,
BMI calculation, bass stick balance test, handgrip strength test in upper and lower
extremity strength measurements, wall squat leg strength test and plate tapping test
for movement speed were performed to all participants before and after 12 weeks
training. Since the data did not show normal distribution, Kruskal Wallis test was used
in more than two groups and Mann Whitney-U test was used in binary comparisons.
Looking at the results of KG and SDG, it was found that the BMI and muscle strength
values of KG were better than the SDG values (p=.00). It was determined that the static
balance values of SDG were higher than KG (p= 0.00). However, there was no significant
difference between the movement speed of both groups (p> .05). All physical fitness
parameters of both groups were found to be better than COG. We can suggest that
sedentary individuals can benefit from karate technique training in gaining muscle
strength. In addition, we can emphasize that it may be more appropriate to use salsa
dance training in the development of static balance.
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Viicut Kitle indeksi.

Bu galisma, tniversite 6grencilerinin fiziksel uygunluk performanslari tizerine 12 haftalik
Karate ve Salsa Dans antrenmanlarinin etkisini belirlemek amaciyla yapilmistir.
Calismaya, Cukurova Universitesi’nde farkli fakiiltelerde okuyan toplam 124 &grenci
(yas: 21.35 £ 1.59 yil; boy: 1.70 £+ 0.08 cm; vuicut agirhgi: 67.1 + 10.78 kg) génillt olarak
katilmigtir. Katilimcilar, tesadifi yontemle 3 gruba ayrilmistir. Gruplar; Karate Grubu
(KG) 43 kisi (20 kadin, 23 erkek), Salsa Dans Grubu (SDG) 40 kisi (17 kadin, 23 erkek) ve
Kontrol Grubu (COG) 41 kisiden (12 kadin, 29 erkek) olusmustur. Calismaya alinan KG ve
SDG gruplarina 12 hafta boyunca haftada iki giin ve giinde 90 dk teknik antrenman
programlar uygulanmistir. Tum katilimcilara 12 hafta 6ncesinde ve sonrasinda viicut
agirligl, boy dlcimi, Viicut Kiitle indeksi (BMI), Bass stick denge testi, tist ve alt extremite
kuvvet dlgimlerinde el kavrama kuvveti testi ve wall squat bacak kuvveti testi, hareket
hizi i¢in disklere dokunma testi Ol¢timleri yapilmistir. Veriler normal dagihm
gostermedigi igin karsilastirmalarda, ikiden fazla gruplarda Kruskal Wallis testi, ikili
karsilastirmalarda ise Mann Whitney-U testi kullaniimistir. KG ve SDG grup sonuglarina
bakildiginda; KG grubunun BMI ve kas kuvveti (alt ve Ust extremite) degerlerinin SDG
grubunun degerlerinden daha iyi ¢iktig1 tespit edilmistir (p< .05). SDG grubunun statik
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Arastirma Makalesi denge degerlerinin ise KG grubundan daha yuksek oldugu tespit edilmistir (p< .05).
Ancak, her iki grubun hareket hizlari arasinda anlamli bir farklilik bulunamamigtir. Her iki
grubun tum fiziksel uygunluk parametrelerinin ise COG grubundan daha iyi oldugu
bulunmustur. Sedanter bireylerin kas kuvveti kazaniminda karate teknik
antrenmanlarindan yararlanabileceklerini 6nerebiliriz. Ayrica, statik denge gelisiminde
ise Ozellikle salsa tlrl dans antrenmanlarinin kullaniimasinin daha uygun olabilecegini
vurgulayabiliriz.

Introduction

It is stated that regular physical activity contributes to the physical fitness and performance of
individuals and increases their quality of life. It is also emphasized that it inhibits the occurrence of many
diseases (Puciato et al., 2018). However, with the developing technology, it is reported that the sedentary
life increases even more. It is widely stated in the literature that sedentary life is one of the main factors
that negatively affect human health and quality of life (Akindutire & Olanipekun, 2017; Nowak et al., 2019;
Wau et al., 2017). The importance of exercising regularly for healthy living is reported in the literature.
Although many types of activity such as running, swimming, walking, fitness etc. were often
recommended to everyone, those who do physical activity move away from these activities after a while,
reducing the frequency of work or completely quitting. For this reason, it is thought that different sports
branches that may attract the attention of sedentary individuals can encourage those people to do sports
or physical activities. In this context, instead of the classic and routine sport activities (running, walking,
cycling, etc.), branches of karate and dance sport were discussed.

Salsa dance preferring a dance branch can be defined as the unity of movement consisting of
consecutive steps synchronized with the musical rhythm (Karavarsamis et al., 2016). Salsa dance training
includes very fun and interesting activity. On the other hand, Karate is a martial art and its name means,
"the way of the empty hand", which refers to unarmed combat (Chananie, 1999; Unson Jr & Lama, 2018).
Karate is a martial art that is easy to practice, highly popular, preferred and interesting as a sport
(Nakayama, 1987). It is known that salsa dance and karate training can be performed as solo or in pairs,
and technical learning levels are long-term in both branches. Almost every exercise involves different
technical work. For this reason, routine (repeating the same movements) exercises are not done in these
branches. These different technical implementations were thought to keep sedentary individuals' interest
in sports at a high level. In this context, this study has been planned investigate to what extent the selected
branches of karate and salsa dance sports can contribute to university students. When the literature is
examined, there is no study in which branches of dance and karate sports were evaluated together. For
this reason, our study was conducted to investigate the impact of 12 weeks of karate and salsa dance
training on the physical fitness of university students.In this study, two hypotheses were tested:

1. Salsa dance studies have an effect on the physical fitness parameters of university students.

2. Karate studies have an effect on the physical fitness parameters of university students.

Methods

Participants

A total of 124 students (age: 21.35 + 1.59 years; height: 1.70 + 0.08 cm; body weight: 67.1 + 10.78 kg),
studying at different faculties of Cukurova University (Faculty of Education 21.6%, Faculty of Economics
and Administrative Sciences 21.1%, Faculty of Communication 19.3%, Faculty of Fine Arts 13.5%, Faculty
of Health Sciences 12.9%, Faculty of Engineering 11.7%), participated in our study as voluntarily.
Individuals who do not regularly participate in a sports activity and have no health problems in doing
sports were preferred. Participation in physical activity and sedentary status of the participants were
determined by individual questionnaires. Those who are regularly exercises (three times a week) and have
chronic diseases were excluded in the study. The participants were divided into three groups using a
random coin toss. The groups consisted of 43 people (20 female, 23 male) in the Karate Group (KG), 40
people (17 female, 23 male) in the Salsa Dance Group (SDG) and 41 people (12 female, 29 male) in the
Control Group (COG). Ethical approval of this study was obtained from the Cukurova University, Faculty
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of Medicine Ethical Committee for Non-Interventional Clinical Researches (decision number 76, serial
number 13-4-18).

Karate and Salsa Training Programs

Training programs lasting 90 minutes two days a week were applied for 12 weeks for the karate
(Monday-Wednesday) and salsa dance (Tuesday-Thursday) groups included in the study. A total of eight
trainers (four salsa dance, four karate), including one specialist for each 10-12 students, were assigned to
the training programs.

Karate Training Program

Based on the training procedures of the Turkish Karate Federation's yellow belt’s examinations system
(Turkish Karate Federation, 2017). The techniques required for karate training have been prepared. While
giving preliminary information to the participants, they were taught to take a pulse over the arteria
carotis. In the warm-up part of the training, jogging (five minutes), small skips (five minutes), were
performed in the 110-120 beat minute-heart rate (HR) for 10 minutes and then static stretching exercises
(five minutes). In the main part, participants were performed in the form of posture positions, hand block
techniques, hand attack techniques, foot attack techniques, and their application by stepping and
combination exercises during 65 minutes. In addition, in the main section, being one time in every 13
minutes, totally, four times and two minutes resting were given. Resting periods are not included in
working periods. Five minutes jogging and five minutes static stretching exercises were done in the cool

down section. The karate program was given in Table 1.

Table 1.
Karate Program

Main Section - Karate Techniques

wes Y e 55 ) e
Main Section
1 stance WOFkOl:It: Defensive Workout: Offensive Workout:
Zenkutsu Dachi & Gedan Barai Choku Tsuki
2 5 min Kiba Dachi
Defensive Workout:
3 i .
Jogging, stance Workot.Jt. Gedan Barai & Uchi Offensive Workout:
Zenkutsu Dachi & . . .
. . Uke (with partner) & Qi Tsuki
4 5 min, Kokutsu Dachi L .
Kata Training 5 min
. . Defensive Workout: Sparring Workout:
5 .
Small skips Kick Wg;t?;t' Mae Shuto & Soto Uke Kihon Kumite (with Jogging
6 (110-120 Kata Training (with part.m?r) & partner.) &
HR) Kata Training Kata Training +
7 Kick Workout: Yoko Offensive Workout: Offensive Workout: ) )
+ Geri & Gyaku & Kizami Tsuki Soto Uke & Gyaku 5 min Static
8 Kata Training (with partner) Tsuki (with partner)
. . - - Stretching
9 > min Static Kick Workout: Offensive Workout: S.parrmg W.mkmf't'
. . . . . Kihon Kumite (with
. Mawashi Geri & Uchi Uke & Kizami
Stretching . - partner) & Kata
10 Kata Training Tsuki (with partner) -
Training
1 Sparring Workout: Sparring Workout: Sparring Workout:
Kihon Kumite (with Kihon Kumite (with Gohon Kumite (with
12 partner) and Kata partner) & Kata partner) & Kata

Training

Training

Training
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Salsa Dance Training Program

In salsa movements, the musical rhythm is eight beats (4/4) and the movements consist of six steps in
eight rhythms, three steps in the first four beats and three steps in the second four beats (Ospina, 1996;
Rolland, 2008). Warm-up section was performed with 110-120 beat minute — heart rate (HR) and 90-120
Beat Per Minute (BPM) low rhythm piece of music in Salsa dance movements and five min static
stretching. Salsa dance was practiced as solo for the first two weeks and with partners for the next 10
weeks. In the main section, the exercises were performed with three-six minutes, 120-160 (BPM) mid,
and piece of high rhythm music. At the end of each piece of music, a change of partners was requested
and dance techniques were practiced with different people. In addition, in the main section, being one
time in every 13 minutes, totally, four times and two minutes resting were given. Resting periods were
not included in working periods. Participants have done static stretching exercises were done in section
of the cool down section during 10 minutes. Salsa Dance Program were given in Table 2 (Turkeri, 2014).
Salsa dance training was performed on a parquet floor and karate training on an EVA polyurethane floor.

Table 2.
Salsa Dance Program
Warm Up Salsa Dance T.echmques Cool Down
Week . (65min) X
(15 min) Main Section (10 min)
1 . Basic Workout: Open Couples Workout: Couples Workout:
2 10 min. Hand Hold & Stepping Mambo Stepping Salsa Stepping
Mambo,
3 Salsa,
Diagonal Couples Workout: Cross Couples Workout: Couples Workout:
4 Cucaracha Body Inside Turn Cross Body Lead Enchufla, Saccala .
. 10 min.
Step & Pivot
5 Turns Couples Workout: Cross Couples Workout: Couples Workout:
Trainin Body Outside Turn Cortico, Dilequeno Saccala Doble .
6 & Static
Shine
7 Training Couples Workout: Couples Workout: Couples Workout:
3 (11:')'320 Cortico Doble Vasilense Vasilala, Kentucky Stretching
9 5 +_ Couples Workout: Couples Workout: Couples Workout:
10 ml'n. Sombrero, Balsero Coca Cola La Habana
Static
1 Stretching )
Couples Workout: Siete Couples Workout: Couples Workout:
12 Loco Bayamo, Setenta Albanico

Note: In the warm-up section, new learning techniques were added to the schedule every 4 weeks and
the application was made.

Measurement Methods

The first and last measurement values of the participants were made at The Performance
Measurement Laboratory at the Faculty of Sports Sciences of Cukurova University. During the study, those
who did not participate in the training at least 2 times and declared that they had started other sporting
activities were excluded from the study. The flow chart of the participants in our study was given in figure
I

Physical Characteristics: Participants’ gender, age, status in sport, sports year, health status and their
faculties of study were recorded as physical characteristics.

Height & Body Weight Measurements: NAN trademark height meter with accuracy of 0.01 m and
weight measurements were made with a NAN trademark weight meter with an accuracy of 0.1 kg.

Body Mass Index (BMI): The body mass index was obtained by dividing body weight in kilogram unit

163



Tiirkeri & ince — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 52(1), 2023, 160-179

by the square of body height in meter one.

Information meeting for participans (n=132)

v

Using a random method (coin toss)

pd v

Baseline measurements of Karate Baseline measurements of Salsa Baseline measurements of Control
Group (n=46) Dance Group (n= 45) Group (n=41)
y Y Yy
Karate Group (not to participate Salsa Dance Group (not to participate Control Group
two weeks) Excluded (n=3) two weeks) Excluded (n=5) (n=41)
v y y
Karate Group (n=43) Salsa Dance Group (n= 40) Control Group (n=41)
v v v

Statistical Analysis of Intervention and Control Groups (n= 124)

Figure 1. Participants Flow Chart

Wall Squat Test: The Wall Squat Test was used to measure leg strength. The person to be measured
leaned flat with his back against the wall, and the knee and ankle joint angle was 90° with two feet on the
ground. As soon as the position was taken, the CASIO HS-3V-1RDT chronometer was started to operate
with an accuracy of 0.001, and when the athlete stopped leaning against the wall, the stopwatch was
stopped and the result was recorded (Ince, 2017).

Bass Stick (lengthwise): Static Balance measurements were made by Bass Stick Test Lengthwise
method. A wooden stick (2.5 * 2.5 * 30.5cm) was used as a measuring tool (Safrit & Wood, 1995). Balance
was measured with bare feet on the dominant foot and hands free. During the measurement, the
dominant foot was positioned on the long side of the stick and the other foot was touching to fixed leg
with bent knee sole of the foot. When the balance position was taken, the stopwatch was started and the
result was recorded by stopping the stopwatch when the subject lost her/his balance or left his bent foot
touches on the ground.

Hand Grip Measurement: The Hand Grip Test was used to measure hand grip strength. It was done
with a Holtain trademark hand dynamometer. The measuring device was held with the dominant hand
and the force exerted on the device by squeezing the fingers towards the palm was recorded by holding
the arm at the side of the body and in the abduction position at a 45° angle (Arslan et al., 2020; Espafia-
Romero et al., 2010; Mac Donncha et al., 1999; Mayda et al., 2016).

Plate Tapping Test: The Plate Tapping Test was used to measure velocity of arm. Plate tapping test is
a physical fitness test in Eurofit Test Battery. It is used to measure the speed of movement. The purpose
of this test is quickly touch the different colored disc placed on the table, with the preferred hand and
order. Two plastic discs with a diameter of 20 cm were placed on the table, which was adjusted to suit
the height of each participant. The distance of the two discs from the center point to each other is
calculated as 80 cm. A 10x20cm rectangular plate is placed in the middle of the two discs equidistant. The
nondominant hand of the participant was placed on the rectangle; the preferred hand (dominant) was
crossed over the other hand and placed on the opposite disc. The hand placed on the disc was moved
over the other hand and asked quickly touch the discs. The test result was recorded in seconds when the
number was completed by moving it 25 times with the start command (Grubjesi¢ & Stankovié¢, 2020;
Popovic et al., 2017; Zwierzchowska et al., 2020).

Statistical Analysis
SPSS 22.0 was used for the statistical evaluation of the data. The measurement results were evaluated
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at the p< .05 significance level. Normal distributions of the data were analyzed by using Shapiro-Wilk tests.
Since the data did not show normal distribution, the Kruskal Wallis test was used in comparisons in more
than two groups, and the Mann Whitney-U test was used in paired comparisons.

Findings

The physical characteristics of the participants were given in Table 3.

Table 3.
The Physical Characteristics of the Participants
Parameters Groups n Mean Std. Deviation
Karate Group 43 21.23 1.66
Age (year) Salsa Dance Group 40 21.78 1.17
Control Group 41 21.05 1.80
Total 124 21.35 1.59
Karate Group 43 1.71 0.08
Height (m) Salsa Dance Group 40 1.69 0.08
Control Group 41 1.71 0.07
Total 124 1.70 0.08
Karate Group 43 67.67 10.45
Body Weight (kg)  Salsa Dance Group 40 65.63 12.58
Control Group 41 67.94 9.22
Total 124 67.10 10.78

We determined participants' the means of ages, (KG = 21.23 + 1.66 years; SDG= 21.78 + 1.17 years;
COG= 21.05 + 1.80 years); height (KG = 1.71 + 0.08 cm; SDG= 1.69 + 0.08 cm; COG= 1.71 + 0.07 cm) the
body weight (KG = 67.67 + 10.45 kg; SDG = 65.63 + 12.58 kg; COG=67.94 + 9.22 kg).

The comparison of the participants' BMI baseline and after 12 weeks measurement differences were
shown in Table 4.

Table 4.

Comparison of Participants' BMI Baseline and After 12 Weeks Measurement Differences
Groups n Mean Rank Chi-Square p
Karate Group 43 85.12
Salsa Dance Group 40 70.04 49.534 0.00*
Control Group 41 31.43

*p< .05

Comparing the baseline and after 12 weeks measurement differences of the participants' BMI values,
a significant difference was observed between the groups (p= 0.00). Paired comparisons were made to
see from which group this difference arises. KG values (mean rank= 47.55) were better than SDG values
(mean rank = 36.04) (p = 0.03). There was also a significant difference in favor of KG between KG (mean
rank= 59.57) and COG (mean rank= 24.60) (p= 0.000). In addition, a significant difference was found
between SDG (mean rank= 54.50) and COG (mean rank= 27.83) in favor of SDG (p= 0.00).

The comparison of the static balance baseline and after 12 weeks measurement differences of the
participants were given in Table 5.
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Table 5.

Comparison of Static Balance Baseline and After 12 Weeks Measurement Differences of Participants
Groups n Mean Rank Chi-Square p
Karate Group 43 66.79
Salsa Dans Group 40 83.84 35.058 0.00*
Control Group 41 37.18

*p<.05

When the baseline and after 12 weeks measurement differences of the participants' static balance
values were compared, a significant difference was found between the groups (p= 0.00). Paired
comparisons were made to see from which group this difference arises. KG values (mean rank= 34.98)
were lower than SDG values (mean rank=49.55) (p= 0.006). There was also a significant difference in favor
of KG between KG (mean rank= 53.81) and COG (mean rank= 30.63) (p= 0.00). In addition, a significant
difference was found between SDG (mean rank= 54.79) and COG (mean rank= 27.55) in favor of SDG (p=
0.000).

The comparison of the baseline and after 12 weeks measurement differences of the upper (hand grip)
and lower extremity (leg) strengths of the participants were given in Table 6.

Table 6.
Comparison of The Baseline and After 12 Weeks Measurement Differences of Participants' Upper (Hand
Grip) and Lower Extremity (Leg) Strengths

Parameters Groups N Mean Rank Chi-Square p
Karate Group 43 98.16
Hand Grip Strength Salsa Dance Group 40 56.26 75.494 0.00*
Control Group 41 31.18
Leg Karate Group 43 97.16
Strength Salsa Dance Group 40 60.43 77.541 0.00*
Control Group 41 28.17

*p<.05

When the baseline and after 12 weeks measurement differences of the participants' upper extremity
(hand grip) strength values were compared, a significant difference was observed between the groups (p
= 0.00). Paired comparisons were made to see from which group this difference arises. KG (mean rank=
58.93) values were better than SDG values (mean rank= 23.80) (p= 0.000). There was also a significant
difference between KG (mean rank= 61.23) and COG (mean rank= 22.8