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Abstract — This study aims to reveal the effectiveness of the CEIT undergraduate program in line with the views
of teachers and academicians. Phenomenology design, one of the qualitative research designs, was used in the
study. The study group consisted of 14 individuals selected via multistage sampling. Of the participants, 8 were
teachers who graduated from CEIT undergraduate program and 6 were academicians working in the CEIT
program. In the study, a semi-structured interview form developed by the researcher was used as the data collection
tool. The data obtained in the study were analyzed using the content analysis technique. In the study, both teachers
and academics mentioned the computer class problems, insufficient class hours and lack of applied courses during
the implementation of the program Regarding the distribution of the courses in the program, teachers stated that
training on current software and field courses should be emphasized; academics stated that the number of field

elective courses and the weekly hours of field elective courses should be increased.
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Introduction

Innovations in Information Technology (IT) in the 21st century have allowed countries
to progress and have a competitive advantage. IT has changed many aspects of our lives.
Considering fields such as medicine, tourism, travel management, commerce, law, banking,
engineering, and architecture, the impact of IT over the last twenty or twenty-five years has

been enormous. The way these fields operate and their organization is very different from the
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structures and methods used in the past. These dramatic changes require societies and
individuals to adapt to and keep up with innovations. In other words, the digitization of society

and individuals has become an undeniable fact and all areas of life have been digitized.

Digital individuals are described as individuals with the knowledge and skills required by
the information age. Digital literacy is the ability to consciously and purposefully use digital
tools and resources to acquire and use information, analyze and manage information, create
new ideas and products, and communicate (Martin, 2005). Digital literacy, which includes skills
such as accessing information, using information, critical thinking, and problem-solving in
online environments, also means exhibiting ethical behaviors in accordance with social rules.
Therefore, it is important to be digitally literate to benefit from the digital world and avoid its

harm.

Today, developments in technology also affect the quality of educational institutions. One
of the most important roles expected from educational institutions is to raise children as
individuals who use technology effectively. In our country, the work of raising digitally literate
individuals required by the information age is carried out by Information Technologies
Counselor Teachers (ITCTs) who are graduates of the Computer and Instructional Technologies
(CEIT) program. Considering the mission they undertake, it can be said that ITCTs perform a
very critical task. The establishment purpose of CEIT departments is to train “"computer
teachers" for primary and secondary education institutions (YOK [Counsil of Higher
Education], 1998). In other words, it is aimed to train experts who integrate information and
communication technologies into educational environments and to bring them into schools. In
this direction, teachers have conducted Computer, Software, and Microsoft Office courses in

the relevant schools, and can also work as a Formatter teacher/IT Counselor Teacher.

It is observed that there has been a decrease in the quota of Information Technologies (IT)
teachers in teacher appointments made by the Ministry of National Education in recent years
(Kurtoglu-Erden & Seferoglu, 2015). This can be explained by the decrease in the number of
compulsory courses in schools affiliated with the Ministry of National Education. In addition,
the decrease in the number of appointments has also reduced interest in CEIT undergraduate
programs. As a result, it can be said that the success level of the incoming student gradually
decreases, which may negatively affect the coursework of the academicians working in the

CEIT undergraduate program.

Similar to other departments in education faculties, the curriculum of CEIT departments

has been updated and regulations have been made in vocational knowledge, content knowledge,
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and general culture courses. Accordingly, new courses have been added, the contents of the
courses have changed, and the weekly course numbers have been updated. In the program,
vocational knowledge courses have been given more place than other courses (Mese et al.,
2014). In addition, flexibility has been provided with the elective courses in the program. A
total of 4 years have passed following this change. In this direction, it is important to determine
the views of academicians about the new program implemented in this process. In today's
information age, it is inevitable to update the curriculum of CEIT by making various

improvements in a dynamic structure (Bardakgi et al., 2017).

In studies, it has been determined that there are problems such as the lack of technical
equipment required for the course and teachers having to waste time on technical work in
schools within the body of the Ministry of National Education (Perkmen & Dagistanli, 2012).
Accordingly, it is also important to determine the lessons that ICT teachers conduct at schools,
the problems they experience in these lessons, and the situations needing to be dealt with. The
fact that there are hardly any studies examining the undergraduate CEIT program and
addressing the problems experienced by ICT teachers in schools with application areas
increases the importance of the study.

When the literature is examined, it is seen that the studies are mostly conducted by taking
the opinions of the students. Accordingly, students have considered themselves inadequate in
terms of both software and hardware knowledge (Semerci, 2012; Akgiin et al., 2020). In
addition, it has been shown that students' thoughts on choosing teaching as a profession are also
in the foreground (Sahin et al., 2018), and students need vocational guidance services for their
career planning (Unal, 2012). Finally, it has been explained that the courses that novice teachers
think will contribute the most to them while they are teaching are vocational knowledge courses
(Akgiin et al., 2020).

The education that teachers receive at the undergraduate level plays a key role in their
professional success (Lautenbach & Heyder, 2019). Positive changes to be made in the teacher
training process will minimize the negative effects of the process and content (Biesta et al.,
2021). For this reason, identifying the effectiveness of CEIT undergraduate programs has
constituted the starting point of this study. In this direction, the study aims to determine the
effectiveness of the CEIT undergraduate program according to the views of academicians
working in CEIT departments and Information Technologies teachers working in K12 schools.
Therefore, it is thought that this study will provide important data in determining the

effectiveness of CEIT programs in line with stakeholder views.

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
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4 Investigation of CEIT Undergraduate Program According to Teachers’ and Academicians’ Views

For this purpose, answers to the following questions are sought:

1. What are the problems experienced by the participants during the implementation of

the CEIT program and what are the solution suggestions?

2. What are the views of the participants about the program meeting the interests and

needs of the students?

3. What are the problems experienced by the participants during the teaching process

and what are the solution suggestions?

4. What are the views and suggestions of the participants regarding the distribution of

the courses in the program?
5. What are the views of the participants about the Teaching Practice course?

6. What are the views of participants about the adequacy of computer classes in their

institutions?

Method

Research Design

In this study, we tried to describe the effectiveness of the CEIT program with a qualitative
approach based on the views of teachers and academicians. Phenomenology, one of the
qualitative research designs, was used in the data collection and interpretation stages.
Phenomenology studies focus on how people perceive a phenomenon, how they describe it,
how they feel about it, how they judge it, how they remember it, and how they make sense of
it (Bogdan & Biklen, 1992; Patton, 2014). Van Mannen (2016) also mentioned that the
experiences of individuals in phenomenological studies are both the starting point and the
ending point of the study. The views and feelings of teachers and academics who were directly

affected by this phenomenon were tried to be described in depth.

Participants

In phenomenological studies, data sources are individuals or groups that experience the
phenomenon on which the research focuses and those who can express or reflect this
phenomenon (Yildirim & Simsek, 2011). Criterion sampling, one of the purposeful sampling
methods, was used in the selection of teachers and academicians participating in the research.
In the first stage, the criterion that teachers and academicians should work for at least 5 years
was adopted. In the second stage, convenience sampling, in which participants are aware of the

purpose of the research and participate in the study voluntarily and willingly, and which is used
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in appropriate situations in terms of time and cost (Hatch, 2002; Johnson & Christensen, 2004)
was preferred. It is very important to present in-depth information about the individuals
participating in the study in the convenience sampling method (Johnson & Christensen, 2004).
In this study, a total of 14 people were reached, including 8 teachers who graduated from the
CEIT program and 6 academicians working in the CEIT program. The seniority was between
12-18 years for the teachers participating in the study and it was between 11-28 years for the

academicians.

Data collection

In qualitative research, interviews can be used alone or together with other data collection
techniques (Bogdan & Biklen, 1992; Hatch, 2002). The main data collection tool of this study
was determined as interviews with people who experienced this phenomenon directly.
According to Rubin and Rubin (2005), in-depth interviews can be used in situations where what
is wanted to be learned is not answered simply and clearly, individuals' experiences are needed,
and answers to the questions asked to individuals are required. In the interviews with the
participants during the research process, a semi-structured interview form developed by the
researchers by scanning the relevant literature was used. The questions prepared during the
determination of the questions were sent to the field experts. As a result of the feedback, some

questions were deleted and some questions were merged.

Before the interview, the participants were informed about the purpose of the research
and it was stated that their personal information would not be shared with third parties. To adopt
the interview form approach during the interview process, the questions were asked in a mixed

manner. Each interview lasted between 15-20 minutes on average.

Data Analysis

The data obtained in this study, which aims to determine the effectiveness of the CEIT
program in line with the views of teachers and academicians, were analyzed using the content
analysis technique. The main themes and codes were identified in the analysis of the semi-
structured interviews prepared by the researchers. The interviews that were transcribed during
the interview were then transferred to the computer environment, a file was created for each
question, and the answers of the participants were read and coded many times. As a result, the
main theme, problems, and patterns were determined. The determined themes and patterns were
discussed by the researchers, and categories and main themes were reached (Miles &
Huberman, 1994).

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



6 Investigation of CEIT Undergraduate Program According to Teachers’ and Academicians’ Views

While developing the semi-structured interview form to ensure validity, a conceptual
framework was created by scanning the relevant literature. The results obtained and the codes
reached were constantly compared with each other, interpreted and conceptualized, and tried to
reveal some patterns that even the participants of the research were not clearly aware of
(Yildinm & Simsek, 2011). It is thought that obtaining deeply focused data in this way will
contribute to the reliability of the study. In the study, it was also tried to increase the credibility
of the research with "researcher triangulation™ and the percentage of agreement between coders
was determined as .90. In the study, the teachers were coded as Teacher 1: T1, and academicians

were as Academician 1: Al.

Findings and Discussions
In this section, the answers given by the teachers and academicians to the questions in the

interview form were analyzed and presented in line with the purposes of the study.

What are the problems experienced by the participants during the implementation of the

CEIT program and what are the solution suggestions?

In the study, the problems experienced by the participants during the implementation of
the CEIT program are given in Table 1 and Table 2 while suggestions for the solution of the
problems are presented in Table 3 and Table 4.

Table 1 Teachers' views on the problems experienced during the implementation of the program

Theme Category Code

—
Nt

Program Course Insufficient class hours
Lack of applied courses

Material Lack of computer at home
Lack of textbooks
Licensed software

Physical condition Lack of laboratory
Lack of infrastructure
Lack of hardware
Down-level computers

= e 1 I = SN = I R )

Crowded classrooms

Teachers' views on the problems experienced during the implementation of the CEIT

program were gathered under the categories of "course", "material™ and "physical condition"

under the theme of "program™. When the answers for the course category are examined, the

NEF-EFMED Cilt 17, Say1 1, Haziran 2023/ NFE-EJMSE Vol. 17, No. 1, June 2023
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teachers consider the insufficient class hours and the lack of applied courses as problems. When
the answers to the material category are examined, it is seen that teachers believe that not having
a computer at home, lack of student textbooks, and the supply of licensed applications are the
main problems. When the answers to the Physical Condition category are examined, teachers

mostly see the lack of laboratories as an important problem.
The views of the teachers regarding the findings are given below.

T4 ...inability to practice on subjects that require practice due to insufficient class hours.

(Course / Insufficient class hours)
T1 ... the absence of textbooks causes chaos for students. (Material / Lack of textbooks)

S2 ... Crowded classrooms and lack of laboratory are a problem in itself. (Physical

condition / Lack of laboratory - Crowded classrooms)

Table 2 Views of academicians about the problems experienced during the implementation of the
CEIT program

Theme Category Code )
Program System Unpopularity of the department 1
Outdated curriculum 1
Course Excess of elective courses 1
Insufficient class hours 1
Lack of applied courses 1

When the views of the academicians about the problems experienced during the
implementation of the CEIT program are explored, the answers given by the academicians are
clustered under the categories of "system" and "course™ within the theme of “"program”. When
the answers for the system category are examined, the academicians believe that the
department’s not being preferred by students and the curriculum’s not being updated as
problems. When the answers for the course category are investigated, the academicians consider
the excess of elective courses, the insufficient class hours, and the lack of applied courses as

the main problems.

The views of the academicians regarding the findings are given below.

A3 ... However, in general, the biggest challenge for the program was the change in the
score type in the university entrance exam in the past. Afterward, potential (successful) students

who could choose the department started to prefer other departments. (System / Unpopularity

of department)

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
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8 Investigation of CEIT Undergraduate Program According to Teachers’ and Academicians’ Views

A4 ... Since the curriculum does not comply with the requirements of the era, it does not
attract the attention of students, thus making it difficult to implement. (System / Outdated

curriculum)

A5 ... In the curriculum that started to be implemented in 2018, the number of weekly

hours of the courses decreased. (Course / Insufficient class hours)

Table 3 Views of teachers on the solution to the problems experienced during the implementation of
the CEIT program

Category Code ()
Innovation Software applications should be included

The program should be updated
Hardware / Electronics should be emphasized 2

Teachers' views on the solution to the problems experienced during the implementation
of the CEIT program were gathered under the category of "Innovation™. When the answers for
this category are examined, the teachers consider that software applications should be mostly
included in the program as a solution.

The views of the teachers regarding the findings are given below.

T4 ... I think that coding should be included more in the curriculum. (Software

applications should be included)

T7 ... It is not necessary to add or delete, it is necessary to develop a new curriculum

from the beginning. (The program should be updated)

Table 4 Views of academicians on the solution to problems experienced during the implementation of

the CEIT program

Theme Category Code ()
Update Change Increasing class hours 2
Changing course periods 1
Innovation Adding current practices to the program 1
Adding new compulsory courses 1

When the views of the academicians on the solution to the problems experienced during
the implementation of the CEIT program are investigated, the answers given by the
academicians are collected under the categories of "change" and "innovation™ within the theme
of "update"”. When the answers to the change category are examined, academicians consider an

increase in the course hours and changing the course periods as solutions. When the answers to

NEF-EFMED Cilt 17, Say1 1, Haziran 2023/ NFE-EJMSE Vol. 17, No. 1, June 2023
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the innovation category are explored, the academicians propose the addition of current practices
to the program and the addition of new compulsory courses as solutions.

The views of the academicians regarding the findings are given below.

Al ... Inthe CEIT program, it would be better if the Programming Teaching Approaches
course in the first-year spring semester were taken to the third-year fall semester, and the
Informatics Curriculum course in the third-year fall semester were taken to the fourth-year fall

semester. (Change / Changing course periods)
A6 ... 1 think that up-to-date software/programming languages should be added.
(Innovation / Adding current practices to the program)

A3 ... [ think it would be useful to add one more compulsory course on Open and Distance
Learning to the program. Currently, there is a course called Open and Distance Learning. With
good planning, this course can be divided into two, and more detailed topics in this field can

be discussed. (Innovation / Adding new compulsory courses)

What are the problems experienced by the participants during the teaching process and

what are the solution suggestions?

Table 5 Teachers' views on the distribution of the courses in the program

Theme Category Code )
Contribution  Scope Training for up-to-date software 4
Courses for programming languages 2
Expertise Focusing on field courses 3
Focusing on applied courses 2
Adding new courses 1

Teachers' views on the distribution of the courses in the CEIT program were gathered
under the categories of "scope™ and "expertise™ under the theme of "contribution”. When the
answers to the scope category are examined, the teachers state that training should be provided
for up-to-date software and there should be courses for programming languages. When the
answers for the specialization category are investigated, the teachers mostly explain that more

emphasis should be put on field courses and applied courses.
The views of the teachers regarding the findings are given below.

T1... The courses taught in the department were mathematics, physics, chemistry, and
lab courses that were not useful to us. Instead, courses for ever-evolving programming

languages could have been given. (Scope / Courses for programming languages)

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
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T3 ...1think it is necessary to focus on the field knowledge. (Expertise/ Focusing on field

courses)

T2 ... Today, software has gained great importance. We provide training on block coding
and robotics at schools. (Scope / Training for up-to-date software)

Table 6 Views of academicians regarding the distribution of the courses in the program

Theme Category  Code ®

Contribution Quantity  The number of field elective courses should be increased
The number of field elective course hours should be increased

Expertise  Lack of applied courses

R RPN DN

Insufficient number of vocational courses

When the views of the academicians on the distribution of the courses in the CEIT
program are examined, the answers given by the academicians are gathered under the categories
of "quantity” and "expertise™ within the theme of "contribution™. When the answers to the
quantity category are explored, the academicians suggest that the number of field elective
courses and the number of field elective course hours should be increased. When the answers
for the expertise category are inspected, the academicians believe that the applied courses are

missing and the number of vocational courses is low.
The views of the academicians regarding the findings are given below.

A7 ... | think that the hours of the field courses are insufficient. (Quantity/ The number
of field elective course hours should be increased)
AS ... However, | think that the number of field electives should be increased.

(Quantity/The number of field elective courses should be increased)

A4 ... due to the fact that very few elective vocational courses are offered each semester,
some of my students had taken the current open courses in previous semesters and there were

no courses to choose from. (Expertise/Insufficient number of vocational courses)

What are the views of the participants about the program meeting the interests and needs

of the students?

NEF-EFMED Cilt 17, Say1 1, Haziran 2023/ NFE-EJMSE Vol. 17, No. 1, June 2023
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Table 7 Teachers' views about the program meeting the interests and needs of students

Theme Category Code ()

Expectation Content The software through which products can be 6
obtained
Fun/Interesting software

5
Variation Course contents should be updated 1
Variations in student requests 1

1

1

Lack of technological material
In-depth training in the programming language

Teachers' views on meeting the interests and needs of the students in the CEIT program
are gathered under the "Expectation" theme and under the categories of "content” and
"variation". When the answers to the content category are examined, the teachers state that to
meet the interests and needs of the students, mostly software by which products can be obtained
and fun/interesting software should be included in the program. When the answers to the
variation category are investigated, the teachers consider that the students have various requests
during the lesson and that they have problems meeting the interests and needs of the students
due to the lack of technological materials. They also state that there should be in-depth training
in the programming language in the program.

The views of the teachers regarding the findings are given below.

T3 ... Unfortunately, the informatics course curriculum in secondary schools is on the
way to becoming a course that includes too many verbal subjects and absurd and unnecessary
definitions. I think that all the content of the course should be organized directly as algorithmic
thinking and coding. (Content / Software through which products can be obtained)

T5 ... Students prefer visual and entertaining lessons. My students, with whom we are
trying to learn Python, get bored of writing code in front of the screen after a certain period of

time. (Content / Fun/Interesting software)

S7 ... While students are more enthusiastic about mobile applications, they cannot show
the same enthusiasm in a Python software course. In particular, our female students are more
interested in visual programming tools, while male students want to use text-based coding tools
such as Python. Male students frequently ask questions about game development tools such as
the Unreal engine, and they become more participatory in this regard. (Variation / Variations

in student requests)

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
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Table 8 Views of academicians regarding the program meeting the interests and needs of students

Theme Category Code ()
Expectation Impact Need/Demand orientation 4
Ineffectiveness of online lessons 1
Content Uninteresting content 1
Higher level content 1

The views of the academicians about the CEIT program meeting the interests and needs
of the students are clustered under the "expectation” theme and under the categories of "impact"
and "content™. When the answers to the impact category are inspected, the academicians state
that the program should be mostly need-/demand-oriented to meet the interests and needs of the
students. When the answers to the content category are examined, the academicians see the
uninteresting and higher-level content as an important problem in meeting the interests and
needs of the students.

The views of the academicians regarding the findings are given below.

Al ... Itis possible to talk about the needs of the profession and/or the sector rather than

the interest and needs of the student. (Impact / Need/Demand orientation)

A5 ... The interests and needs of the students are not met due to the high number of

distance education courses in the program. (Content / Uninteresting content)

A2 ... [ don't see a very demanding approach for our current students. The available

content exceeds our students. (Content / Higher level content)

What are the solutions and suggestions for the problems experienced by the participants

during the teaching process?

Table 9 Teachers' views on the problems experienced during the teaching process

Theme Category Code

—~
—h
N

Quality  Environment Lack of computer laboratory
Lack of infrastructure
Outdated infrastructures
Student Lack of student textbooks
Lack of interest

Readiness

Teaching Lack of applied courses
Inadequate class hours

B R R R R RN W

Considered as a technician
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The views of the teachers regarding the problems experienced during the teaching process
are collected under the categories of "environment", "student" and "teaching" within the theme
of "quality”. When the answers for the environment category are examined, the teachers explain
that the lack of computer laboratories in their schools and the lack of infrastructure are
important problems. When the answers for the student category are investigated, the teachers
declare that the lack of student textbooks, lack of interest, and students' readiness are among
the important problems. When the answers to the teaching category are inspected, the teachers
claim that they see the lack of applied courses, inadequate class hours, and being considered a

technician instead of a teacher are basic problems.
The views of the teachers regarding the findings are given below.

T2 ... The infrastructure in my school is unfortunately insufficient... (Environment /

Lack of infrastructure)

T6 ... Students are uninterested in doing homework. They come without doing most of

the homework | give them. (Student/ Lack of interest)

T1 ... not being able to practice on issues that require practice. (Teaching / Lack of

applied courses)

Table 10 Views of academicians regarding the problems experienced during the course teaching

process
Theme Category Code ()
Quality Environment Lack of technological tools

Lack of computer laboratory
Lack of computer

Student Students’ readiness
Crowded classrooms

Program Outdated program

e e L S

Inability to adapt to the program

The views of the academicians regarding the problems experienced during the teaching
process are clustered under the categories of "environment”, "student™ and "program” within
the theme of "quality”. When the answers to the environment category are examined, the
academicians mostly state the lack of technological tools and the lack of computer laboratories
in their schools as important problems. When the answers to the student category are

investigated, the academicians mention the readiness of the students and the crowdedness of
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the classes as important problems. When the answers to the program category are inspected,
the academicians explain that they see outdated programs and not being adapted to them as the

main problems.
The views of the academicians regarding the findings are given below.

A2 ... The inadequacy of the computer laboratory in terms of hardware and software
during the application process of my course challenges me. (Environment/Lack of

technological tools)

A3 ... Itisnoteasy for pre-service teachers who cannot keep up with the latest technology
and are educated with the past technology to adapt to future developments. (Student / Students’

readiness)

Al ... Since the program does not comply with the requirements of the era, it does not
attract the attention of the students, and therefore it makes its implementation difficult.

(Program / Outdated program)

Table 11 Views of teachers and academicians regarding the solution to the problems experienced

during the teaching process

Category Participant Code ()
Suggestion Teacher In-service training 1
Compulsory courses 1
Increased class hours 1
Project-oriented training 1
Academician Out-of-school solution 1

The views of teachers and academicians regarding the solution to the problems
experienced during the course teaching process are collected under the category of
"suggestion”. The teachers propose that the course hours should be increased, compulsory
courses should be given, in-service training should be provided, and students should be given
project-oriented training as solutions to the problems experienced during the course process.
When the answers of the academicians are examined, only one academician state that the
students should bring their own computers to the school for the solution.

Participants' views regarding the findings are given below.

T7 ... | believe that special in-service training should be organized not only remotely, but
mostly face-to-face to update the knowledge of CEIT teachers over time. (Teacher/In-service

training)
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A3 ... The inadequacy of the computer laboratory in terms of hardware and software
during the application process of my course makes it difficult for me. As a solution, | want

students to bring their laptops. (Academician/Out-of-school solution)

What are the views of the participants about the Teaching Practice course?

Table 12 Teachers' views on the effectiveness of the teaching practice course

Category Code ()
Solution Increased number of courses 2

In schools with different opportunities
Teaching different methods and techniques to preservice teachers 1

Teachers' views on the effectiveness of the teaching practice course are gathered under
the category of "solution”. Teachers suggest that for the effectiveness of the teaching practice
course, the number of teaching practice courses should be increased, it should be done in
schools with different opportunities, and different methods and techniques should be taught to
teacher candidates in universities.

The views of the teachers regarding the findings are given below.

T1 ... If there is no teaching practice course, | believe that the teaching methods used in
the application of other educational sciences courses should change. Because innovations are
still being taught to students with classical methods. In this respect, | believe that educational
science teachers should conduct their lessons with more interactive and innovative approaches.

(Teaching different methods and techniques to preservice teachers)

T4 ... I think it is appropriate to give teaching practice courses in various schools
according to different hardware, software, class size, and environmental factors. (In schools

with different opportunities)

Table 13 Views of academicians on the effectiveness of the teaching practice course

Theme Category Code 4))
Application Problem Failure in the evaluation process 1
Lack of laboratories in practice schools 1
Solution It should be spread over every period 1
Care must be taken 1

The views of the academicians on the effectiveness of the teaching practice course are
collected under the "problem™ and “solution™ categories under the "application” theme. When

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



16 Investigation of CEIT Undergraduate Program According to Teachers’ and Academicians’ Views

the answers to the problem category are examined, the academicians utter that the problems
experienced in the evaluation process should be eliminated and that there is a lack of
laboratories in the practice schools. When the answers to the solution category are explored,
the academicians propose that the teaching practice course should be extended to each semester

and that the necessary care should be given to this course.
The views of the academicians regarding the findings are given below.

A2 ... Although there is certain cooperation between the MoNE and education faculties
in this regard, I think that there are uncertainties about the reporting and evaluation of the
activities that students will follow, which causes confusion. There is also confusion about how
the evaluation made by the Ministry of National Education will affect the course grades of the

students at the university. (Problem / Failure in the evaluation process)

A6 ... However, most of the secondary schools do not have computer labs. In fact, there
are no computer labs in the schools our students attend this semester. Our students experience
how to teach information technologies without a laboratory. They cannot experience lecturing

in a laboratory environment in the field. (Problem /Lack of laboratories in practice schools)

A5 ... Teaching practice course is only available in the last year, | think it should be

included in the education program every year. (Solution / It should be spread over every period)

What are the views of participants on the adequacy of computer classes in their

institutions?

Table 14 Teachers' views on the adequacy of computer classes in their institutions

Category Code ®
Situation Lack of computer laboratory

Outdated/Unlicensed software
Down-level computers 2

Teachers' views on the adequacy of computer classes in their institutions are gathered
under the category of "situation”. They state that most of the teachers do not have computer
laboratories in their institutions, the computers in schools with laboratories are old and they use

outdated or unlicensed software.
The views of the teachers regarding the findings are given below.

T2 ... However, we have some shortcomings in software in our laboratories. While our
ministry used to supply Adobe products, today it does not offer license support for any current

program. (Outdated/Unlicensed software)
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T6 ... The building of our institution was decided to be demolished 5 years ago because
it was not earthquake resistant. We are temporarily using the building of another school. That's
why we don't have an IT class. (Lack of computer laboratory)

S1 ... There are 15+1 computers in our IT classroom... They are not very efficient

because they are old. (Down-level computers)

Table 15 Academicians’ views regarding the adequacy of computer classes in their institutions

Theme Category Code ()
Need Status Down-level computers 3
Neglected computers 1

Material Outdated/Unlicensed software 4

Software diversity 2

Insufficient course materials 1

The views of the academicians regarding the adequacy of computer classes in their
institutions are clustered under the category of "status" and "material™ under the theme of
"need". When the answers for the situation category are examined, the academicians mostly
claim that the computers in the laboratories are down-level. When the answers to the material
category are investigated, the academicians state that outdated/unlicensed software is mostly

used on computers.
The views of the academicians regarding the findings are given below.

A3 ... I do not find it sufficient since there is no employee dealing with computer
laboratories in the institution. Two of the laboratories have better computers in terms of

hardware, but most of them do not work properly. (Status / Neglected computers)

Al ... There are four computer laboratories and 120 computers in our institution. The
newest of these computers (16 units) was purchased about five years ago. The remaining
hundred are more than ten years old, and some are not even working. (Status / Down-level
computers)

A4 ... It is not enough in terms of budget to install all the software necessary for the
courses on the computers under license. It is essential that more resources are allocated by the

university on this subject (Material / Outdated/Unlicensed software).
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Conclusions and Suggestions

Education undergraduate programs significantly affect the training of teachers who take
an active role in today's education (Orhan, 2017). In this respect, considering that the field of
education has a dynamic and changing structure, it is necessary to maintain the constant up-to-
dateness of teacher training programs and determine their effectiveness to achieve the desired
goals. Therefore, it is important to determine the views of the academicians who are the building
blocks of the theory part, and the teachers who are the fundamental elements of the

implementation part.

In line with the purpose of the study, the effectiveness of the CEIT program is tried to be
determined by taking the views of teachers and academicians. Three categories are reached
under the "program" theme, determined according to the views received from the teachers.
These are course, material, and physical condition. Considering the results obtained from these
categories, it is noteworthy that the number of applied courses in the program in the course
category should be increased. Under the material category, the lack of a computer at home and
the need for licensed applications are mentioned. In the category of physical condition, it is
stated that there is a lack of computer laboratories in schools and a lack of equipment and

infrastructure in existing laboratories.

According to the views received from the academicians, it is explained under the system
category that the department is no longer preferred as much as it used to be and the program is
not up-to-date enough. In addition, in the course category, it is claimed that the number of
elective courses is excessive, the course hours are insufficient, and the number of applied
courses is insufficient. Considering the view of teachers and academicians, it is seen that the
low number of applied courses is expressed as a common problem in secondary schools and
CEIT departments. Although the expression "research and practice-based teacher education”
(YOK, 2018) was emphasized in the teaching undergraduate programs renewed in 2018, it is

stated by teachers and academics that the number is still insufficient.

According to the views of the teachers about the solution to the problems experienced
during the implementation of the CEIT program, the innovation category is reached. Under this
category, teachers state that software/coding, hardware/electronics subjects should be taught in
lessons and the program should be updated. According to the views of the academicians, the
sub-categories of change and innovation are reached under the current theme. Accordingly, it
is suggested to increase the class hours and change the periods of some courses. It is also

proposed that current practices and new compulsory courses should be added. This result is
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similar to the study of Ylikseltiirk and Altok (2015). Considering that the program has been
updated relatively recently, it is a striking result that teachers and academicians said that the
programs are insufficient in terms of up-to-dateness. We can attribute this situation to the fact

that the CEIT field is based on technology that is constantly changing and renewed.

When the views of the teachers on the distribution of the courses in the program are
examined, the categories of scope and expertise are reached under the theme of contribution. In
the scope category, it is explained that the weight of the field courses in the program is
insufficient and the up-to-dateness of the taught software is insufficient. In the expertise
category, it is proposed that applied courses should be added. According to the views of the
academicians, the categories of quantity and expertise are reached under the theme of
contribution. It is suggested that the number of elective courses in the quantity category and the
number of weekly courses should be increased. In the expertise category, it is proposed that the
number of vocational knowledge courses should also be increased. Considering the views of
teachers and academicians, it is seen that the common point is that field courses should be given
more place in the program. Despite the increase in the number of content knowledge courses in
the CEIT undergraduate program, which was renewed in 2018 (YOK, 2018), it is stated that
this number is still insufficient. This result is in line with the studies of Altun and Ates (2008)
and Onal (2017). Contrary to this result, there are also studies stating that the current program
has a sufficient number of content knowledge courses, which may be due to the practice-based
structure of the CEIT field.

When the views of the teachers regarding the program's meeting the interests and needs
of the students are examined, the categories of content and variation are reached under the
theme of expectation. In the content category, it is stated that funny software through which
products can be obtained can attract the attention of the students. In the variation category, it is
seen that the students are interested in programming languages/software and they make
different requests such as the lack of necessary materials in the lessons. When the views of the
academicians regarding the program’'s meeting the interests and needs of the students are
explored, the categories of impact and content are reached under the theme of expectation. In
the impact category, it is stated that it is not aimed at students' needs, and in the content category,
the content of the program is above the student's level and does not attract attention. When the
views of teachers and academicians are compared, it is seen that there is no structure that can
attract the attention of the students in terms of content. This may be due to expectations for

coding skills, which are among students’ 21st-century skills (Akgiin et al., 2019). Similar results
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are found in the studies of Hamutoglu (2022), Kayak (2019), Yasar (2019), and Giilcii et al.
(2013).

In determining the views of the teachers about the problems experienced during the
teaching process, the environment, student, and teaching categories under the quality theme are
reached. It is stated that there are no computer labs in the environment category and that there
are infrastructure problems. Lack of interest and lack of student readiness are in the student
category. In the category of teaching, it is stated that there is a lack of applied courses and
inadequate class hours. When we look at the views of the academicians about the problems
experienced during the course teaching process, the categories of environment, student, and
program under the theme of quality are reached. It is explained that laboratory and materials
are lacking in the environment category. In the student category, student readiness is
insufficient. In the program category, it is seen that the program is not up-to-date and there is a
difficulty in adaptation. When we look at the opinions of academicians and teachers, it is found
that the readiness of the students and the lack of tools and materials in the laboratory are
expressed as common problems, which constitute an obstacle to the implementation of the
program. One of the important factors affecting student success is the level of readiness
(Kearney & Garfield, 2019). The lack of student readiness at the desired level may be due to
the student and the program. This result is in parallel with the study of Osman and Kurt (2017).

When the views of the teachers on the effectiveness of the teaching practice course are
examined, the solution category is reached. In this context, it is stated that the number of classes
should be increased, they should be held in schools with various abilities, and different methods
and techniques should be included in the lessons. When the views of academicians on the
effectiveness of the teaching practice course are investigated, problem and solution categories
are reached under the application theme. In the problem category, the lack of an application
laboratory and the problems in the evaluation process are stated, while in the solution category,
it is suggested that more attention should be paid to the lesson and the lesson should be included
in every semester. There are studies similar to these findings (Aslan & Saglam, 2018; Aydin &
Akglin, 2014; Gokmen, 2015; Kose & Caner, 2022; Yakar et al., 2021). By conducting and
evaluating teacher candidates in accordance with the characteristics of the field in which they
are educated, the teaching practice course will enable the training of competent teachers
(Odabasi et al., 2011). In this context, views received from teachers and academicians are

important.
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When the views of the teachers about the adequacy of the computer classes in their
institutions are examined, the status category is reached. Accordingly, it is asserted that there
is no laboratory, and the computers with laboratories are either old or have outdated and
unlicensed software. When the views of academicians about the adequacy of computer classes
in their institutions are examined, the fact that the computers are old and have out-of-date and
unlicensed software are among the striking results that overlap with the views of the teachers.
This is an important handicap in the teaching of the courses and the implementation of the
program (Muskin, 2015). In the literature, there are studies showing that this problem has been
going on for a long time (Akgiin et al., 2019; Bakar-Corez & Geger, 2022; Bardaker et al., 2017;
Siime & Aslan, 2022).

Based on these results, the following recommendations can be made:

For practitioners;

- Minimizing physical infrastructure problems in the department by faculty
administrators,

- Emphasizing coding and hardware/electronics courses in the program,

- Increasing the number of elective courses in the program and the number of weekly
courses,

- Include interesting and current topics in the lessons,

- Giving more importance to the teaching practice course and applying it in different
periods,

For researchers;

- Conducting mixed-method studies to analyze the needs of the department in future
research.

- Comparisons can be made by carrying out studies in different universities and cities.
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BOTE Lisans Programinin Ogretmen ve Akademisyen Goriislerine Gore
Incelenmesi

Ozet:

Bu calisma, dgretmen ve akademisyenlerin goriisleri dogrultusunda BOTE lisans programinin etkililigini ortaya
koymay1 amaclamaktadir. Caligmada nitel aragtirma desenlerinden fenomenoloji deseni kullanilmigtir. Caligma
grubu ¢ok asamali &rnekleme yoluyla secilen 14 kisiden olusmaktadir. Katilimeilarin 8'i BOTE lisans
programindan mezun &gretmenler, 6's1 ise BOTE programinda gorev yapan akademisyenlerdir. Arastirmada
veri toplama aracit olarak arastirmacilar tarafindan gelistirilen yar1 yapilandirilmig goriisme formu
kullanilmistir. Calismada elde edilen veriler icerik analizi teknigi kullanilarak analiz edilmistir. Calismada hem
Ogretmenler hem de akademisyenler programin uygulanmasi sirasinda bilgisayar sinifi sorunlarina, ders
saatlerinin yetersizligine ve uygulamali derslerin eksikligine deginmislerdir. Programdaki derslerin dagilimina
iliskin olarak 6gretmenler giincel yazilimlar ve alan derslerine yonelik egitimlere agirlik verilmesi gerektigini;
akademisyenler ise alan seg¢meli derslerinin sayisinin ve haftalik saatlerinin artirilmasi gerektigini
belirtmislerdir.

Anahtar kelimeler: BOTE programi, 6gretmen, akademisyen
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Introduction
Many scientists argue that we have entered the sixth great mass extinction and that
anthropogenic climate change is one of the greatest threats to global biodiversity (Maclean &



Baywndir, D. 27

Wilson 2011). It is seen that plant biodiversity also faces this threat. About one-third of the
world's vascular plant species are threatened with extinction due to overharvesting, destructive
agricultural and forestry practices, urbanization, environmental pollution, land use changes,
various destructive activities including exotic invasive species, and global climate change
(Chen & Sun, 2018).

One of the important steps in the protection of plant biodiversity is the “Global Plant
Conservation Strategy-Global Strategy for Plant Conservation” (GSPC, 2011) adopted on 19
April 2002. The strategy, which was unanimously adopted by 187 countries including Turkey,
has committed to achieving 16 goals by 2010. Goal 14 emphasizes the importance inclusion of
plant diversity and the need to protect these plant diversity topics in education programs.
Mounce and his colleagues (2017) argue that the role of botanical gardens is extremely
important in the future conservation of biodiversity and in preventing extinction through
integrated conservation action. Similarly, Williams and her colleagues (2015) highlight the
value and importance of botanical gardens as catalysts that positively influence visitors'

environmental attitudes.

Botanical gardens, by definition, are multidimensional institutions that house collections
of living plants for scientific research, conservation, display, and education (Jackson, 1999).
One of the most important functions of the first botanical gardens established in Europe was to
maintain a scientific plant collection for the education of medical students (Heywood, 1991;
Willison & Green, 1994). When we look at the establishment purposes of these premier
institutions, it is seen that education is a priority, but they are especially focused on adult
education. From the first half of the 20th century, however, some notable examples of botanical
garden education programs have emerged. For example, the Brooklyn Botanic Garden, which
was made available to the public in 1910, has focused on developing educational programs
from its earliest years (Avery, 1971). Educational programs implemented in this garden have
been developed to include young children and teachers. The International Botanical Gardens
Conservation Organization (BGCI) was established in 1987, and this institution played a role
in establishing the educational goals of botanical gardens. BGCI sees environmental education,
and especially education for sustainable development, as the main responsibility of botanical
gardens (Willison 2006; Willison & Green 1994). In 1990, an educational journal called 'Roots’,
affiliated with BGCI started to be published. This journal has pioneered the sharing of projects
and studies carried out in botanical gardens in different parts of the world. Since 1991, under
the leadership of BGCI, the Education Congress in the International Botanical Gardens has
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started to be organized. All these processes have brought the educational role of botanical
gardens to the forefront. Today, besides plant protection, research, and recreation, education is
one of the functions of botanical gardens (Galbraith, 2003). In a survey conducted by Kneebone
(2006) with more than 120 representatives of 117 botanical gardens, it is seen that 91% of
today's botanical gardens have education among their targets.

Botanical gardens provide stimulating learning environments by documenting plant
collections, conducting scientific activities on plant and animal life, and providing educational
opportunities. These features make botanical gardens excellent informal learning institutions
that attract many people to visit, learn, and have fun in the physical environment. However, the
number of studies examining the effectiveness of the training conducted in the botanical garden
and its effects on visitors is quite limited. Within the scope of this study, it is aimed to review
scientific studies on the educational role of botanical gardens.

Method

Research Design

This study is a qualitative research aiming to review the findings of studies evaluating the
educational capacity of botanical gardens. The publications about the educational capacity of
botanical gardens were examined by the content analysis method. The content analysis aims to
give a holistic, in-depth, and detailed description of the situation (Fraenkel et al., 2011). The
method is based on the systematic analysis and interpretation of what is stated in the documents

examined.

Literature Review

To provide a comprehensive literature review, several terms and phrases related to
botanical gardens were searched in the widely used “ScienceDirect” online database. Identified
terms and word sets include: “botanical garden”, “botanical garden education”, and “botanical
education”. The search was extended by scanning the references of the accessed articles. Since
there is limited research published in peer-reviewed journals on the educational role of botanical
gardens, the search was not limited in terms of publication date. However, it was limited to
publications in peer-reviewed journals, in English and Turkish languages so that the researcher
could review them. At this stage, only articles that present results on the educational capacity

of botanical gardens were selected.
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Following these criteria, 32 studies were obtained. The publication year interval of these
studies varies between 2001 and 2023. Considering the publication languages, it is seen that all
the selected publications were published in English. In terms of country of publication, 7 of the
studies were in England, 5 in Germany, 3 in America, 3 in Turkey, 3 in Australia, 2 in Taiwan,
1in Canada, 1 in Greece, 1 in Italy, 1 in China, 1 in South Africa, 1 in Ethiopia, 1 in Malaysia
1 in Portugal, and 1 research was conducted at international level.

Analysis

The analysis of selected studies was carried out in two stages. In the first phase, three key
aspects of all the studies included in the review were summarized: (1) participants (2) research
focus (3) results. Accordingly, the studies are divided into adult, teacher, family and child,
students, and non-participant research (document analysis, applications, etc.) according to their
participant characteristics. Afterward, each category was examined in itself depending on the
research focus and results. Research results in which there was more than one publication and
research focus and results differed were categorized within themselves. For example, research
with visitors was categorized as (1) adult visitor opinions of botanical gardens, (2) the effects
of adult visits to botanical gardens, and (3) the effects of adult education programs conducted

in botanical gardens, and they were analyzed and interpreted depending on the results.

Findings and Discussions
Thirty-two studies which were reached as a result of the literature review and carried out
in accordance with the determined criteria, were examined by content analysis method in

accordance with the criteria described above, and the results are presented in this section.

Studies with Adult Visitors
13 different studies were procured with adult visitors of botanical gardens. The list of
these studies is shown in Table 1.
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Table 1 Studies with Adult Visitors

Authors Publication Year Number of Participants Age Group Country
1 Ballantyne et al. 2008 150 30-60 and above Australia
2 Murray et al. 2007 319 15 and above Australia
3 Wardetal. 2010 336 30-59 (>%50) S. Africa
4 He & Chen 2012 1865 <20->50 China
5 Vergou & Willison 2014 - - England
6 Williams et al. 2015 1054 46 and above (%60) England
7 Wassenberg et al. 2015 83 18-78 USA
8 Razaketal. 2016 518 - Malaysia
9 Zelenikaet al. 2018 196+119 39-40 (ave.) Canada
10 Catahan & Woodruffe-Burton 2019 582* - England
11 Salvarci & Aylan 2021 211* - Turkey
12 Funsten etal. 2022 276 19-50 (%63) Italy
13 Truong et al. 2022 42 59 (ave.) Australia

The majority of research with adults appears to be about adult views on visits (8
publications), the effects of adult visits to botanical gardens (2 publications), and studies (3
publications) examining the effects of adult education programs conducted in botanical

gardens.

Studies examining the opinions of visitors in different parts of the world show that visitors
focus less on the educational role of botanical gardens. For example, in Malaysia (Razak et al.,
2016), Italy (Funsten, et al., 2022), and South Africa (Ward et al., 2010), the results of the
studies showed that recreational purposes are more important for botanical garden visitors.
Catahan and Woodruffe-Burton (2019) analyzed TripAdvisor reviews of two botanical gardens
in England using Leximancer software. Reviews show that visitors clearly place greater
emphasis on garden aesthetics, facilities, and services, supporting previous studies. Similarly,
Ballantyne, Packer, and Hughes (2007) found that visitors to botanical gardens showed
relatively low interest in conservation issues. The most important reasons for visiting the
botanical gardens are having fun, admiring the landscape of the garden; spending quality time
with family or friends; and enjoying being outdoors/in nature. It was seen that the participants
of the research conducted by Wassenberg, Goldenberg, and Soule (2015) also emphasize
learning experiences. Participants stated that visits to botanical gardens provide new
experiences and learning for them, provide relief from stress and increase their quality of life.
The analysis revealed no significant differences between men and women. Murray, Price, and

Crilley (2007) studied a sample of 319 visitors to an Australian botanical garden in one study.
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It was determined that a component of the service quality in the botanical garden is educational
services. The provision of learning environments related to education and the presence of
information boards are the items under the education factor. Salvarci and Aylan (2021) who
investigated the opinions of adult visitors in Turkey found that, similar to the results of studies
conducted abroad, visitors' opinions about their visit to botanical gardens contain very limited
information about the flora. The study data were obtained from 81 visitor reviews on the
TripAdvisor website for "Ankara Botanical Park", "Atatliirk Botanical Park", "Gaziantep
Botanical Park”, "Karaca Arboretum™, and "Nezahat Gokyigit Botanical Garden" in Turkey
between May 2014 and November 2020. When the visitor comments were evaluated in the
research, it was concluded that the comments about the botanical parks and gardens consisted
of the codes of panoramic, peaceful/relaxing, lush green place, nostalgic, natural wonder, and
tree museum. In addition to these, it was concluded that in these parks and gardens, activities
such as walking and sports, picnics, taking pictures, watching the scenery, resting, and getting
information about the flora can be done by the visitors.

In addition to the studies examining visitor opinions, research results examining the
effects of visits on visitors were revealed. For instance, Williams and her colleagues (2015)
investigated whether visits to botanical gardens changed visitors' ecological knowledge and
environmental attitudes. Within the scope of this research, the use of information boards by
visitors in botanical gardens was examined. A survey of 1054 visitors was conducted at five
UK botanical gardens (Cambridge, Birmingham, Edinburgh, Kew, and Eden), half of whom
were interviewed at the entrance and half at the departure. Research results show that there was
a strong positive relationship between knowledge and attitudes. Botanical garden visits were
found to have little effect on knowledge, but positive increases in environmental attitudes
among those who left the botanical garden. This study provides quantitative evidence that
botanical gardens can positively influence visitors' environmental attitudes. The research was
conducted at five botanical gardens with visitor education centers in mainland China and found
that these centers were highly functional (He & Chen 2012). In all five botanical gardens
studied, those who visited the visitor education centers showed that they believed they had

acquired significantly more information than those who did not visit these centers.

Additionally, it is seen that there are studies examining the effects of some programs
developed for adults and applied in botanical gardens. Zelenika and her colleagues (2018)
developed a new community-based education program to involve the public in sustainability,
and the effects of the program were investigated. The content of the program consists of food
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systems and choices, conservation of biodiversity, water conservation, and waste reduction.
The present study examined the impact of the developed program on environmental knowledge,
attitudes, and willingness to engage in pro-environmental behavior. The results showed that
program participants were more knowledgeable about environmental issues after the tour than
regular garden visitors who did not take the program, they were more connected to nature and
showed more intention and willingness to participate in sustainability actions. The results show
that interactive sustainability education in a botanical garden setting can be a useful educational
model for mobilizing public participation in sustainability. Another program by Truong, Gray,
and Ward (2022) investigated the effects of a horticultural program called “Community
Greening” at the Royal Botanic Garden in Sydney, Australia. The narratives of respondents
consulted to evaluate the program revealed themes such as gaining knowledge, connecting with
nature, developing a sense of community, residents' sense of pride, and improving public
perceptions of public housing. The study by Vergou and Willison (2014) presents the results of
the evaluation of the results of the Communities in Nature initiative conducted by the University
of Leicester Botanic Gardens (ULBG), RBGE, Westonbirt, The National Arboretum
(Westonbirt) and Bristol Zoo Gardens (BZG). This study aims to provide evidence of how
botanical gardens can address social roles and environmental and social inclusion issues by
working with local communities. The findings are discussed for each project, and in summary,
it has been revealed that environmental problems should be related to them and that the views
of the groups should be included in the project in order to raise awareness and/or encourage

participation in addressing environmental problems with groups facing social exclusion.

Studies with Teachers
Two publications about botanical garden education, attended by teachers, were found.
The list of these studies is shown in Table 2.

Table 2 Studies with Teachers

Authors Publication Year Number of Participants Age Group Country
1 Bayindir & Seggie 2015 149 39.8 (ave.) Turkey
2 Tampoukou et al. 2015 154 44 (ave.) Greece

The aim of the research conducted by Bayindir and Seggie (2015) is to determine the
reasons why primary school teachers organize student trips to botanical gardens. The findings
revealed that the following nine factors were effective for organizing student trips to botanical

gardens. These are: to connect with the classroom curriculum, to provide students with an
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overall learning experience, to encourage lifelong learning, to increase students' interest and
motivation, to change the environment or routine, to have fun, to meet school expectations, to
contribute to the socialization of students, and to enjoy the physical environment. In addition,
a significant relationship was found between teachers' personal interests and their students'
school trip experiences. Tampoukou and her colleagues (2015) conducted a survey on teachers
working in Environmental Education Centers in Greece. The use of botanical gardens as an
environmental education tool was investigated and the most important features of school
environmental education programs were tried to be determined. The findings showed that the
majority of environmental education center teachers (90.6%) did not develop environmental
education programs involving the use of botanical gardens, but it was observed that botanical
gardens were ranked as the most suitable among other green spaces to conduct such programs,
especially for primary school students. Teachers stressed the need for botanical gardens to be
designed accordingly and to provide the necessary infrastructure to facilitate teaching (eg, open
spaces, gathering spaces, easy access roads, and indoor facilities). The results also found that
although the majority of teachers (72.7%) knew of the existence of botanical gardens, only one-
third (34.5%) visited them.

Studies with Families and Children
Two studies with the participation of families and children in botanical gardens were

reached. The list of these studies is shown in Table 3.

Table 3 Studies with Families and Children

Authors Publication Year Number of Participants Age Group Country
1 Eberbach & Crowley 2017 79 family 6-10 (child age) A.B.D.
2 Haywood 2018 24 family 6.9 (child age ave.) England

Eberbach and Crowley (2017) investigated two factors that may help children transition
from seeing the natural world to observing the natural world. Specifically, they explored the
potential roles played by differences in parental knowledge of pollination biology and
differences in parental speech strategies. During a family visit to a botanical garden, the
question was asked whether these factors could help children become more scientific in their
observation of biological phenomena. 79 parent-child pairs with children aged 6-10 participated
in a controlled study in which half of the parents used their natural speech styles and the other

half were trained to use the four speech strategies during family pollination observations in a
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botanical garden. The results showed that parents who received education left children with

more learning from the botanical garden experience.

Haywood (2018) investigated adults' views on science learning at Kew Gardens.
Participants in this study are 24 families who responded to an ad in the Kew Gardens newsletter.
The findings showed that all families primarily referred to Kew's aesthetic beauty, but less
accepted its function for science learning. The results showed that most families believe that no

science learning takes place during unguided visits.

Studies with Students
Twelve studies conducted with students of different age groups in botanical gardens were
reached. The list of these studies is shown in Table 4.

Table 4 Studies with Students

Authors Publication Year Number of Participants  Age Group  Country
1 Tunnicliffe 2001 - 7-11 England
2  Bowker 2004 72 7-11 England
3  Sanders 2007 75 7-11 England
4  Changetal. 2008 422 9-10 Taiwan
5 Morgan et al. 2009 5 9-10 A.B.D.
6 Wiegand et al. 2013 404 14.1 (ave.)  Germany
7  Sellmann & Bogner 2013 108+37 15-19 Germany
8  Sellmann & Bogner 2013 114 14-19 Germany
9  Sellmann 2014 114 14-19 Germany
10 Huang et al. 2016 21 High school  Taiwan
11 Kissi & Dreesmann 2018 192 10-12 Germany
12 Yilmaz et al. 2023 282 11-14 Turkey

Research with students seems to focus on guided tours (3 publications), evaluation of
various short-term programs/activities developed for students in botanical gardens (6
publications), and examination of the effects of long-term programs conducted in botanical

gardens (3 publications).

The activities most frequently attended by students in the botanical gardens are guided
day school excursions. Part of the study published by Sanders (2007) involved 75 children from
three primary schools who visited a botanical garden in London between 1997 and 2001. With
the worksheets, both written and illustrated answers were obtained about the reasons for the
children's interest in the botanical gardens or not, their favorite places in the botanical gardens,

and their favorite plants. It is seen that the main factors in the visit preferences of the children
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for visiting the botanical garden are entertainment and learning, and the main negative reasons
are listed as only having plants and being boring. A similar study conducted in London was
carried out by Tunnicliffe (2001). It was tried to determine what student groups were talking
about during primary school visits to the Royal Botanic Gardens in Kew, England. The results
showed that children spontaneously talked about easily observed characteristics of plants such
as color, shape, and smell. When cues were given by adults or other children in the group, it
was determined that the children paid attention to less obvious aspects of the plants. Another
study conducted in England was conducted with a group of 7-11-year-old children guided by a
teacher in the Eden Project. The aim of the study by Bowker (2004) was to reveal the most
effective methods of taking a teacher-led field trip to improve children's perceptions of plants
and their understanding of people's relationships with plants. Although most of the students
showed interest in plants related to their lives, it was seen that most of them had low awareness

about the relationships between plants, people, and resources.

It is seen that some researchers publish their studies on the programs they have developed
on some special subjects. Chang, Bisgrove, and Liao (2008) conducted an empirical study to
evaluate the educational effectiveness of using landscape narratives. To assess the impact of
the narrative environment on students' learning efficiency and visual preferences, the views of
each of the five selected theme shows were video recorded. It was found that when the content
Is associated and matched with the narrative setting, understanding and retention of the content
increase significantly. The results of this research showed that using narrative landscapes for
the design of display areas or theme gardens can increase the effectiveness of learning with
appropriate information. Another program topic is climate change. Studies aiming to examine
the effectiveness of the climate change education program in terms of various factors were
carried out in a botanical garden in the south of Germany. Findings that combine a knowledge
test, a psychometric questionnaire, and concept maps show that participants' level of knowledge
has increased, their commitment to nature has increased, environmental attitudes have changed
positively, and concepts related to climate change have developed towards a more scientific
perspective (Sellmann & Bogner, 2013a; Sellmann & Bogner, 2013b; Sellman, 2014). It is seen
that there are studies aiming to make students' visits to the botanical garden effective with
technology integration. For example, Kissi and Dreesmann (2018) aimed to develop an
application that combines mobile learning with plant education and to evaluate the effects of
the application to positively affect students' knowledge and attitudes about plants and nature.

Researchers have created an interactive treasure hunt-like quiz. Since the main topic is the

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



36 Educational Capacity of Botanical Gardens: What do the research results say?

diversity of flowers, the practice is called flower hunting. In addition to understanding plant
diversity, threats and protection, flower morphology and ecology, and systematics are also
discussed. The results showed that students' motivation to participate was high, especially their
knowledge of plant systematics. At the end of the application, although plant blindness did not
disappear completely, it was determined that this application increased the environmental
awareness of the students. A similar study was conducted by Huang, Chen, and Chou, (2016).
Within the scope of the research, an augmented reality-based experiential learning model was

developed.

In a field experiment in a botanical garden, 21 secondary school students formed three
groups and participated in a learning activity using different learning types and environments.
The quantitative results show that the technology-assisted model elicits positive emotions and
improved learning outcomes among students when compared to the human guidance model
alone. The authors interpreted the results as suggesting that the use of attractive technologies
not only increases students' willingness to learn more about the environment but also to develop

a more positive emotional bond with the environment.

Apart from daily visits, the effects of longer-term programs were also examined. For
example, Wiegand, Kubisch, and Heyne (2013) compared teacher-centered and student-
centered learning programs on plants and water heads. The effects of these programs on
students' motivation and knowledge levels were investigated. Working together in small groups
of 3-5 people, the students decided in what order they would attend the six compulsory learning
stations. The subjects of the six learning stations are water absorption from root hairs, water
transport in vein strips, root pressure, transpiration, succulence, and adaptation to the “pond”
habitat. According to the results, the positive and negative effects of the two teaching
approaches applied balanced each other, leading to equal knowledge gain for short-term and
long-term learning outcomes. In addition, it was concluded that the internal motivation of the
students was similar and high. Morgan, Hamilton, Bentley, and Myrie (2009) investigated the
effects of the Brooklyn Botanic Garden's Green Reach Project. In this study, the authors used
field observations, document analysis, and past participant interviews to document the impact
of the program on urban youth. The effects of the program were revealed through seven themes.
These are; the program offers participants the chance to get away from the challenging home
and school environments, changes in academic and interdisciplinary skills, changes in science
and horticulture skills, increased environmental awareness, social and personal development, a

positive life experience, and cultural significance of the program. The findings of a study
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conducted in Turkey by Yilmaz, Vural, and Yilmaz (2023), on the other hand, showed that
environmental education conducted in a natural environment is more effective than education
given in a classroom environment. The study investigated the differences that indoor and
outdoor educational environments reveal in students' emotional, behavioral, and cognitive
approaches. The story was read in two different environments, one in the closed classroom and
the other in the botanical garden. Significant differences were found in the emotional,
behavioral, and cognitive approaches of students in these two environments. These differences
are in favor of children who listen to stories in a botanical garden setting. It was found that the
negative emotions of the students studying in the botanical garden were lower, the
environmental awareness and sensitivity levels were higher than the children participating in
the indoor practice, and the behaviors indicating the value of not harming natural processes and

living in harmony with nature were higher.

Studies Without a Participant Group

The related studies, whose participant group characteristics could not be determined, were
examined under the general title since they also differ in focus. Three studies were examined
under this title. The list of these studies is shown in Table 5.

Table 5 Studies Without a Participant Group

Authors Publication Year Country
Argaw 2015 Ethiopia
Gaio-Oliveira et al. 2017 International
Postolache et al. 2022 Portugal

Within the scope of the research conducted by Gaio-Oliveira, Delicado, and Martins-
Loucdo in 2017, 938 botanical gardens were contacted and 206 of these gardens (22% of the
total) answered the questionnaire. More than half of the 206 botanical gardens studied have a
teaching staff. It was observed that the vast majority (75%) of the botanical gardens that
answered the questionnaire had interpretation boards for educational purposes apart from the
scientific name and geographical distribution of the plants and the classical labels. Biodiversity
and plant identification are the most discussed themes among both school visitors and the
public. Endangered species, climate change, and pollution were the least mentioned themes.
When the different types of visitors were examined, it was seen that in almost all botanical

gardens, students made up less than half of the total visitors. While guided tours are the most
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preferred type of visit by school visitors, it has been observed that the visitor people prefer to
travel by themselves.

Argaw (2015) compared the education programs of a botanical garden in Ethiopia with
the general education curriculum. 1-4, 5-8, and 9-12 according to analysis. 18.0 percent, 24.1
percent, and 19.3 percent of grade curricula were found to be related to botanical garden
programs, respectively. The study by Postolache and his colleagues (2022) aimed to systematize
a set of requirements that should be considered in the development of augmented reality
applications that can be used by botanical garden visitors. It has been demonstrated that in the
development of such applications, four elements should be identified, categorized as objectives,
content, enabling technology, and other non-functional requirements. Since the data related to

this application is limited, visitor opinions about the application are not included.

Conclusions and Suggestions

Connecting with nature, changing people's values and attitudes towards environmental
issues, and focusing on ecosystem-centered rather than human-centered understandings of
natural resource use can help them gain knowledge and develop nature-friendly attitudes on
issues such as sustainability and global climate change. Botanical gardens are suitable places
for people living in cities to connect with nature, and these features make botanical gardens
important informal learning centers. The fact that they are located close to the cities, that their
physical structures provide the advantage of attracting visitors, and that there are millions of
people visiting the botanical gardens all over the world every year reveal the educational
importance of these places. The plant collections of botanical gardens make it possible to share
information with people about the plants on which life on Earth depends, plant biodiversity,
ecosystems, the economic, cultural, and aesthetic importance of plants, and the relations
between plants and local people (Willison, 2004). Although plant protection is the primary aim

of botanical gardens, this aim evidently cannot be achieved without educational activities.

It is seen that 91% of today's botanical gardens rank education among their targets, and
only a few botanical gardens have evaluated the effectiveness of the programs carried out in a
comprehensive or experimental way (Kneebone, 2006). To evaluate learning outcomes, it is
essential to evaluate the educational programs implemented in botanical gardens (Stern et al.,
2008; Willison & Green 1994). However, many environmental education programs lack a
systematic evaluation approach (Carleton-Hug & Hug 2010). Each botanical garden is of a

different nature and exhibits different plant species, but often offers similar facilities and
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amenities. For this reason, it may be recommended to determine the educational practices to be
applied in botanical gardens and the evaluation standards for these practices. Botanical gardens
are evaluated in the category of museums by the International Council of Museums. For this
reason, the literature on museum education can guide those concerned in the evaluation of
educational activities and activities to be carried out in botanical gardens. For example, Falk
and Dierking (2000) developed a learning model called the Contextual Learning Model, which

enables the examination of museum learning.

As stated above, botanical gardens are regarded as museums due to their structural and
functional organization. However, botanical gardens, including the world-famous Kew
Gardens, often have less informational content than other museums. The presentation of
information is probably limited to preserve the beauty of the garden. Haywood (2018) considers
this as a missed opportunity to support science learning. It is clear that research on information
content and methods and their effects is limited and new research is needed. In particular, as
the results of the research examined during this review study show, the interest of the young

population in plants can be increased by technology integration.

Botanical gardens have a valuable and distinctive mix of staff skills, including people
who do scientific studies, grow plants, and communicate about plants (Blackmore et al., 2011).
It is essential that this capacity be used to enhance the educational role of gardens. However, to
meet this role, it is necessary to employ experts with pedagogical knowledge in the gardens.
One of the challenges faced by botanical gardens is that most staff working in botanical garden
education are not professionally trained educators or teachers (Willison, 2004). Within the
scope of the study by Zhai (2012), guided tours conducted by two educators in two botanical
gardens in two different cities in England were observed, and they found that the processes took
place as a structured, narrative-style and educator-oriented experience in which students and
teachers act together as a whole. Bowker (2004) emphasized the importance of the educator
guiding the group during the visit by asking quality questions that will attract the attention of
the children to facilitate the understanding of plants and human society's relationship with
plants. It seems that botanical garden educators should be given adequate opportunities to
continuously improve their subject knowledge and pedagogical skills. Botanical gardens can
establish a collaborative partnership with teacher training institutes to enable botanical garden
educators to achieve continuing professional development. Teacher training can be organized
in the gardens (Willison, 1993). Additionally, networking opportunities can make it easier for
these educators to share their teaching experiences and thus reflect on their own practice.
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Although botanical gardens around the world run several educational and community
programs, research shows that most of them only appeal to a certain segment of the population,
a large proportion of the population does not visit botanical gardens, and some often view them
as privileged and elite institutions (Dodd & Jones, 2010). It is suggested that botanical gardens
identify strategies to reach various segments of society. In particular, widespread effects can be
increased by reaching socio-economically disadvantaged individuals who benefit the least from

educational opportunities in general.

The main limitations of this research are that it is limited to 32 scientific articles selected
depending on the determined criteria, and the three main aspects of all the studies included in
the review are (1) the participants (2) the research focus (3) the results and the application of
the content analysis method. Different studies addressing the educational aspect of botanical
gardens can also be reviewed in sources other than peer-reviewed journals. For example, books
or book chapters written on this subject (e.g., Michener & Schultz, 2002; Zhai, 2012), oral
presentation papers (e.g., Stewart, 2002), and unpublished thesis (e.g., Vergou, 2010) can be
analyzed by content analysis. During this content analysis study, it is seen that research on the
educational role of botanical gardens has been published by experts from different disciplines.
For this reason, facts such as the language of publication and the method used differed, which
made the content analysis difficult. As discussed above, establishing, and following certain
standards for research in this field can increase the widespread impact both academically and

practically.
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Botanik Bahgelerinin Egitsel Kapasitesi: Arastirma sonuclari ne soyliiyor?*

Ozet:

Diinya genelinde botanik bahgelerinin, her yil 750 milyondan fazla kisi tarafindan ziyaret edildigi (BGCI,
2023) diistintildiigiinde, botanik bahgeleri iklim degisikligi, gida giivenligi ve biyolojik cesitlilik kayb1 gibi
kars1 karstya oldugumuz kiiresel sorunlarin ¢éziimiinde 6énemli bir rol oynayabilir. Bunu basarabilmek i¢in
botanik bahgelerinin egitim roliiniin gii¢lendirilmesi, bu alanda bugiine kadar yapilmig arastirma sonuglarin
derlenmesi ve yeni yapilacak arastirmalarin desteklenmesi 6nerilmektedir. Bu ¢alisma kapsaminda, botanik
bahgelerinin egitim ve kamu bilinci gelistirme rolii ile ilgili yapilmig bilimsel arastirmalar hakkinda derleme
yapilmasi amaglanmigtir. Arastirma kapsaminda, botanik bahgelerinin egitsel yoniinii ele alan hakemli
bilimsel dergilerde yayinlanan bilimsel ¢aligmalar derlenmistir. Belirlenen 6lgiitlere uygun sekilde yapilan
literatiir taramasi sonucu, otuz iki arastirmaya ulagilmistir. Yapilan igerik analizi ile botanik bahgelerinin
egitsel rolii, aragtirmalarin sonuglarina gore sistematik olarak analiz edilmis ve yorumlanmaistir.

Anahtar kelimeler: botanik bahgeleri, egitim, igerik analizi

*Not: Bu derleme ¢alismasi, 23-25 Mart 2022 tarihlerinde, Gaziantep, Tiirkiye’de diizenlenen 3. Ulusal Botanik
Bahgeleri Arboretumlar Herbaryumlar ve Botanik Miizeleri Calistayi’nda sozlii bildiri olarak sunulan “Botanik
Bahgelerinin Egitim ve Kamu Bilincini Geligtirme Kapasitesi: Arastirma sonuglari ne soyliiyor?”” adli ¢alismanin
genisletilmis seklidir.
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the students’ opinions showed that; Mathematics teaching supported by authentic activities brought along features
such as familiar problems, well-defined tasks, cognitive support, authentic assessment and reflection. In addition,
it was seen from the student data who participated in all of the authentic tasks that; Students who participated in

authentic tasks with their peers, teachers, or parents had higher completion rates.
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Introduction

Mathematics, spread out of academic context, can be used in daily life (Jansen et al.,
2016; McCloskey, 2007; Reyna & Brainerd, 2007; Ojose, 2011), business life (Cohen Kadosh
et al., 2013; Geary, 2011), emotional well-being (Cohen Kadosh et al., 2007) is even an
essential skill at the point of adaptation to social life. This skill is a composite discipline that

includes areas such as arithmetic, statistics, algebra, and geometry. Each of these areas requires
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developing different individual skills, such as understanding numbers and mathematical
concepts and procedures (Aunola et al., 2004). Especially in mathematics and science, many
students believe that in order to achieve success, innate talent, and even brilliance are required
instead of perseverance, promising approaches, support from others, and learning over time
(Hong & Lin Siegler, 2012). Mathematical performance depends on specific domain skills that
also require the simultaneous development of general cognitive domain abilities. Disruption of
these areas can determine a cascading effect on mathematics learning. A universal difficulty or
poor performance in learning mathematics is on the agenda. The low mathematics performance
experienced by students in the mathematics learning process can be explained by cognitive and
neuropsychological profiles, low language skills, lack of prerequisite knowledge and skills for
mathematics learning, and learning difficulties or disabilities (Krajewski & Schneider, 2009;
Simms et al., 2013; De Smedt et al., 2013; Sharma, 2020).

Learning difficulties in mathematics have different forms, such as difficulty on acquiring
learning procedures, basic conceptual processes, or both. A child with a diagnosis of
mathematics learning disabilities exhibits a wide range of poor performance profiles related to
basic numerical processing, counting, transcoding, arithmetic skills,and word problems
(Butterworth, 2008; Kaufmann & von Aster, 2012). Similarly, there are difficulties in learning
mathematics, such as delay in learning numbers, confusion in the digits of numbers, difficulty
in solving problems, understanding the mathematical language, and forgetting the basic
concepts of mathematics (Courtade et al., 2015). The mathematical difficulty is addressed as
“dyscalculia” in the international literature and diagnostic guidelines. Geary (2011) emphasized
that competencies in each mathematics area are based on different conceptual and procedural
processes supported by different cognitive abilities. While the prefix “dys” in Greek means
“bad”, which forms the term dyscalculia, “calculia”, that is, “calcculare” in Latin, means
counting (Khing, 2016). This indicates that dyscalculia means counting badly, but it seems more
complex. The initial definition of dyscalculia was made by Kosc (1974) as “a difficulty in
mathematics as a result of impairment in certain parts of the brain related to mathematical
cognition, but without an overall difficulty in cognitive function”. It is used synonymously with
a mathematics learning disability or arithmetic learning disability (Soares & Patel, 2015). It is
used to describe specific difficulties related to mathematics as dyscalculia and difficulty in
acquiring basic concepts that support the ability to perform mathematical procedures, not a lack
of intelligence (Glynis, 2013), and this difficulty is neurologically based (Kucian & VVon Aster,
2015; Wadlington & Wadlington, 2008). This is a learning disability, and dyscalculia affects
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an individual’s mathematical learning process and behavior in this process. It is claimed that
the frequency of appearance in school-age children is between six-eight percent (Sharma,
2020). Dyscalculia is a difficulty with numbers, but it should be considered a deeper problem

than just being bad at mathematics (Hornigold, 2015).

Furthermore, environmental factors such as low participation, inappropriate teaching
style, lack of practice, poor curriculum and low standard of the subject create much more
difficulty in learning mathematics during education (Sharma, 2020). It was known that learning
difficulties are caused by certain reasons such as physical, educational, emotional or
environmental factors and can be improved with effective educational interventions.
Individuals with learning disabilities may not be mentally retarded; learning problems are likely
the result of inadequate instructional design in curriculum materials (Carnine et al., 1997). A
mathematical difficulty refers to poor mathematics achievement in children, which is
hypothesized by an innate weakness in mathematical cognition. It is caused by ranging from
poor teaching to environmental factors, but cannot be attributed to socio-cultural or
environmental factors (Soares et al., 2018). So, can children with dyscalculia be supported in
their mathematics processes? Or is it impossible to recover from this difficulty or its effects?
Different interventions have been proposed for these children. It is stated in the literature that
different methods and techniques are effective and applicable for these children (Shalev, 2004).
Interventions adapted to learning needs and pace are effective (Moeller et al., 2012). Children
with dyscalculia also benefit from structured, hierarchical designs and frequent and continuous
repetition (Butterworth & Laurillard, 2010; Fuchs et al., 2005).

Authentic context in learning environments

Authentic learning describes as various teaching and learning techniques that integrate
what students learn in school with real-world problems, issues, and related practices (Lombardi,
2007). If learning is natural, students can directly connect their learning materials and
experiences and engage with real learning problems. Learning takes place in the real world,
where learners adapt the learning content to the context in which they find themselves (Hwang
et al., 2018, 2019). Students take an active role in authentic learning that adopts the
constructivist approach (Shadiev et al., 2016; Tobias & Dufy, 2009). Authentic learning
exposes students to real-world situations through various interactive and engaging learning
activities (Lombardi, 2007). Students can think about a problem from different perspectives,
evaluate, share, and create new meanings and solutions (Hsiao, 2004). In authentic learning,

the most appropriate learning experience is created for students, and this approach environment
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supports students in developing competencies applicable to various aspects of their lives
(Gulikers et al., 2005). In authentic learning, the student determines a meaningful learning goal.
In addition, the student forms his thoughts about new information, obtains new information in
depth, discusses concepts, acquires information learning strategy, and presents and discusses
information (Glatthorn, 1999). Authentic learning allows students to explore, explain, discuss,
and construct concepts in a meaningful way and participate in real-life problems in the context
of real-world problems relevant to their daily lives (Donovan et al., 1999). Authentic learning
is learning the cognitive processes and culture of the professional environment by participating

in real-life activities and tasks faced by an adult/expert (Woolley & Jarvis, 2007).

Authentic learning is seen as a response to the traditionally non-contextualized nature of
learning or alternative teaching method (Meyers & Nulty, 2009). Real-life experiences increase
students’ motivation (Casaley, 2004, p.12). Even students’ professional skills can be supported
with authentic learning, which is related to the student’s real life and keeps the student active
in the learning process (Gulikers et al., 2005; Reeves et al., 2002). In authentic learning, the
student constantly interacts with the world, reanalyzing and interpreting what they have learned
(Lave & Wenger, 1991). When the activities used in authentic learning are examined, they
should be divided into sub-tasks, well-defined, complex, supported by resources, connected
with the real world, developed in cooperation, and provided skills and experiences (Borthwick
et al., 2007). Renzulli (1997) listed the characteristics of real-life problems that can be used in
the authentic learning process: Supporting personal responsibility and cognitive awareness,
having multiple solutions, containing complex goals, reflecting beliefs and values, encouraging
cooperation, supporting activities, and facilitating interdisciplinary relations. In this way,
exploration and discussion become continuous (Donovan et al., 1999), real-life complexity is
transferred to the classroom (Cholewinski, 2009), and it encourages a focus on social and
political issues outside of school (Borthwick et al., 2007). Authentic learning has the potential

to teach any content that can be associated with real life.

Authentic learning is the focus of this research, because authentic learning supports
mathematics skills (Dolapgioglu & Doganay, 2022; Ozkan & Kiligoglu, 2021; Uzunboylu et
al., 2020; Wardani et al., 2021 ) and it is an effective approach that can be used in different
groups, especially in need of special education (Jobling & Moni, 2004; Kang et al., 2022;
Lichtinger & Kaplan, 2015). At this point, it would be beneficial to benefit from authentic
learning to support the mathematics learning of students with reading difficulties. The

motivation of this study was how the mathematics skills of children with mathematics learning
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difficulties changed in authentic contexts. The study was designed around the following
research questions: (1) What are the views of children with mathematics learning difficulties
about authentic learning activities? (2) How do students with mathematics learning difficulties

complete the tasks?

Method

A qualitative exploratory multiple case study approach was chosen to examine the
learning experiences of primary school students with mathematics difficulties in authentic
contexts (Yin, 2014). This study examined the situation in multiple cases and established
contextualized experiences and systematic analysis procedures (Yin, 2014). In particular, case
studies conducted within the framework of qualitative methodology are very suitable for
examining practices and beliefs (Olafson et al., 2015). In this study, the case was defined as the
experiences and beliefs of students with mathematics learning disability in authentic learning

activities.
Study group

A qualitative exploratory multiple case study approach was chosen to examine the
learning experiences of primary school students with mathematics difficulties in authentic
contexts (Yin, 2014 Eight elementary school students with mathematics difficulties participated
in this study. It is known that the sample size is sufficient for the multiple case study. Stake
(2013) stated that less than four or more than fifteen situations may create limitations in similar

case studies. Participants were reported under different names (Table 1).

Table 1 Participants demographic information

Student Gender Age Ethnicity Diagnosis
Ata Male 9 years 3 months
Burak Male 9 years 7 months
Sefa Male 10 years 1 month
Mehmet Male 9 years 5 months ) Special learning
Bahadir Male 9 years 3 months Turkish disability(SLD)
Seda Female 9 years 8 months
Meliha Female 9 years 9 months
Fatma Female 9 years 4 months

In order to identify students, the student’s family provides report information from the

rehabilitation center which will be obtained after the diagnosis process in child psychiatry. The
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student who receives a SLD report, in which area he has problems in reading, mathematics or
writing that indicated. Students receive support training in special education counseling centers
according to the situation specified in their reports. All students participating in the study were
diagnosed with SLD and additionally stated in their reports that they had problems in the field

of “mathematics”.
Measures and procedures

The data of this study were obtained from three different data collection methods. These
were determined as semi-structured interviews (before and after observation), classroom

observation, and document analysis. Data were collected over five months in 2022.

Each student studied between 2-4 hours per week, with minimum of 40 and a maximum
of 80 hours each student. A total of 22 activities were studied with each student. Together with
the researcher and four special education instructors, these activities were created. The exercises
included various forms of interaction where the student, peer, instructor, or parent
complemented the mathematics in a way that was relevant to everyday life. Four of the activities
were done alone, four with a peer, six with teachers and peers, and eight with parents. 22
activities were completed by each pupil, and the activity files were converted to digital. To
guarantee that ethical and methodological standards were upheld, a different protocol was used
for each method. Eight students were the subjects of a total of 16 interviews, all of which were
performed in accordance with the pre- and post-observation interview protocols. By looking at
studies in the literature on the design of the learning process with an authentic setting, the
interview questions were developed. Pre-observation interview questions focused on how
students could use authentic context activities in the lesson, and then pre-observation interviews
lasted an average of 24 minutes. Post-observation interviews focused on students’ participation
in authentic activities, learning experiences, interaction, desire, and performance features. Post-
observation interviews lasted an average of 42 minutes. After the draft of the observation
questions was prepared by the researcher, it was checked by an academician in the special
education and a special education teacher teaching in the field of SLD. Some revisions were
made after the controls result. A total of nine hours and 36 minutes of classroom observation
was made by a different researcher using the Classroom Observation Protocol to verify and
complete the individual student interview data. The observation protocol covered the period
from the beginning of the lesson in the classroom to the end. All interactions in the process
were recorded. The elements, such as the teacher’s content, presentation style, student activity,

and out-of-class tasks were reported in detail in accordance with the protocol. Finally, 23
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documents were requested from teachers, including lesson and unit plans, in-class activities and
explanations, and student works that were considered descriptive of participants’ experiences
in the learning process. These documents were requested in order to verify whether the students
did a similar study on mathematics, whether they had a different learning disability that would
affect the results of the study, and to verify that the teacher worked with each student on similar
content. In addition, the activity documents of the students in the application process were
among these documents. Moreover, the documents were reviewed with two special education
teachers independent of the study process. Scoring documents for students’ activities in the
lesson, students’ notebooks, and activity sheets were examined in detail. Observation and
documents were used to obtain data on students’ completion of authentic tasks. Interview data

were used to obtain students’ views on authentic tasks.
Data analysis

Student interviews were recorded and written down. Using the fixed comparison
technique, the researcher and two other researchers examined the transcribed data. (Strauss &
Corbin, 1998). Additionally, analyses of the data within and between cases were carried out.
(Yin, 2014). Individual interviews with participants were transcribed. The study used two data
visualization approaches Miles et al. proposed (2014). Different representations of the findings
were achieved through charts and tables. The flow chart of the analysis process can be examined

as follows (Figure 1).

. Holistic
iZi Creation and control of the . .
Transcript of data Urganlzmlg ot for texts, charts, tables interpretation of
anatysis ' ' the findings

Figure 1 Flowchart of the analysis process
In this context, the activities are related to the real world; the activities are well defined,
the activities include complex and continuous tasks, the activities support multiple perspectives,
the activities are open to cooperation, allow students to reflect on their values, include/support

an interdisciplinary perspective, include authentic evaluation, and multiple perspectives.
Coding

Inductive (Miles et al., 2014) and deductive (Miles et al., 2014) coding were used to
answer the research questions. Inductive coding included two main processes: first coding (first

loop) and pattern coding (second loop). First, the author reviewed the qualitative data provided

by the participants. Once a consensus was made, these were further discussed, contrasted, and
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refined with a researcher not affiliated with the study but skilled in qualitative work. When a
complete understanding was achieved, the author coded all the data that had been verified by
the coding researcher. Finally, a third researcher, independent of the study, coded the data from
the author. For deductive coding, while performing classroom observations, Reeves et al.
(2002) and Herrington et al. (2006) suggested that authentic learning environment features were
examined and used as a framework for observations. Items were created to include possible
outcomes. Deductive coding was carried out separately by the author and an independent
researcher. Independent ratings showed a perfect fit.
Reliability

The Lincoln and Guba (1985) parameters used in the study’s qualitative research were
followed in terms of reliability standards. Reliability was accomplished using a variety of
techniques, including method triangulation (Denzin, 1978), which was used to assess the
consistency of the conclusions among information gathered from individual student interviews,
classroom observations, and document analysis. Member controls and reference adequacy were
included at different points in the analysis process (Lincoln & Guba, 1985). In the deductive
coding phase, credibility was ensured through inter-interpretive reliability (Using Miles and

Huberman formula (Reliability = consensus /(consensus disagreement)= 98%).

Findings and Discussions
Interviews with students were analyzed with thematic analysis protocol and themes,

and sub-themes and codes were obtained. These themes were identified as associating with
familiar problems, well-defined activities, scaffolding, authentic assessment, and reflection.

The views under the theme of associating with familiar problems briefly explained the
experience of that real life to teach a knowledge that can be used in real life. It has been
determined that there is a need for activities in the context of the real world and based on real

problems.
Some excerpts from student opinions under this theme:

“If I see a problem with a situation I live in, I start to find solutions
more quickly, and maybe | can produce more solutions. Cause | know that problem and

maybe | know the solution too.”’(S.3)

The opinions within the scope of the well-defined activities theme briefly explained
the necessity of well-defined elements such as time, content, tasks and evaluation, and the

necessity of long-term activities instead of short-term activities.
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Some excerpts from student opinions under this theme:

“Homework is sometimes not done in ten minutes. Even so, I forget. I would like to think

about it when I go home and come to class the next day.”(S.7)

The scaffolding theme briefly explained the teacher’s and peer’s support for the
student. The teacher should be a coach in the process and manage a cooperative learning
process. Instead of being an authority, the teacher should be an expert who guides the student
through the process of completing the tasks. Students can seek the opinions of this expert
whenever they want. The teacher should assist in processes such as information research and
structuring in the task process. He should also be a model in long-term performance tasks and

provide social support.
Some excerpts from student opinions under this theme:

“The teacher should not give the correct answer when I cannot. Alternatively, leave me

alone when I ask for help. Sometimes I need to ask him something. ”(S.1)

The authentic assessment and reflection theme explained the feedback that should be
given to the student’s sharing after structuring the knowledge. Learning is both a process and a
product. Students should be allowed to explain their thinking process. Many different

measurement tools need to be included.
Some excerpts from student opinions under this theme:

“Sometimes writing a poem about numbers or calculating the ingredients for the cake

and seeing the result can be a good test.”’(S.2)

As a result of the analysis of classroom observation data, it was noted that authentic
activities for the content of mathematics teaching were used. However, the lack of
implementation in the whole process is striking. The observed activities were analyzed and
reported within the scope of the observation form. The activities were related to real-world
problems rather than classroom-based activities. Moreover, most importantly, it was presented
to the student in the most abstract way possible. The researcher found that clearly defined tasks
were a standout quality. The teacher had already planned out the name, purpose, parameters,
primary task, and subtasks for the exercise. The tasks were not finished during that lesson’s
allotted time. It was postponed until the following lesson or even two weeks so that it could be
finished in that session. Because the student occasionally kept track of how many fruits he
consumed each week and recorded his feelings as he consumed them. Such tasks can be viewed
as a major time and intellectual resource investment. Not all attendees to the activities were

students. Sometimes the mother and | would bake a cake, and other times we would calculate
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the amount in a different way. In this way, all information related to the task could be accessed.
Collaboration was always at the forefront of events.

It was determined that students’ completion rate was higher when authentic tasks were
done with peer-teacher-parent interaction. A total of 22 missions were completed during the
observation period. Students completed 4 of these tasks individually, 4 with peers only, 6 with
their peers and teachers, and 8 with their parents. The percentage of completing the tasks as a
percentage reached 20% for the tasks they defined individually, 70% when they were completed
only with their peers, 100% when they were completed with their peers and teachers, and 90%

when they completed them with their parents.

Moreover, in general, the tasks are completed in content dominated by society’s rules.
The activities needed to be interdisciplinary, although not all. In this way, students had the
opportunity to think about the content in different roles and complete the task. The context of
the tasks evaluated the contents. Each authentic product created by the students was presented
and shared, and its relationship with the task was reported. Finally, the activities did not demand
products from students in a standard homework format. Instead, it offered a range that allowed
for multiple solutions. Within the scope of the document analysis, 23 documents were requested
from the teachers, including lesson and unit plans, in-class activities and explanations, and
student works that were considered descriptive of the participant’s experiences in the learning
process. Moreover, the documents were reviewed with two special education teachers
independent of the study process. It was written in their reports that all eight students were
diagnosed with SLD and “mathematical difficulties.” Although the students had no problems
in reading and writing, they had difficulties learning the mathematics content. When the lesson
and unit plans, in-class activities, and explanations were examined, it was remarkable that the
contents were rich in authentic tasks. The association of mathematics course contents with
different course contents for these students also stood out in their activity plans. When the
notebooks and performance records of the students were examined, it was determined that the
tasks were suitable for the activities and were completed by each student. In addition, it was

seen that there was no standard product range and the results of the missions varied.

Conclusions and Suggestions

In this study, the experiences of students with mathematics learning difficulties in
authentic activities were examined. The data of this study were obtained from three different
data collection methods. These were determined as semi-structured interviews (before and after

observation), classroom observation, and document analysis. Data were collected over five
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months in 2022. To guarantee that ethical and methodological standards were upheld, a
different protocol was used for each method. The interview queries centered on the ways in
which the lesson’s authentic context activities could be used by the students. With the help of
a thematic analysis procedure, themes, sub-themes, and codes, student interviews were
examined. These themes were found to be connected to well-defined tasks, scaffolding, well-
known problems, reflection, and authentic evaluation. The analysis of classroom observation
data revealed that authentic activities connected to actual problems were used to teach
mathematics material rather than classroom-based exercises. The researcher was drawn to the
clearly defined tasks as a standout quality. The tasks were’ not finished during that lesson’s
allotted time. Not all students were the well-defined activities attracted the attention of the
researcher as an outstanding feature. The activities were not completed within that lesson
period. Students were not the only responders at the events. Collaboration was always at the
forefront of events. Moreover, generally, the tasks are completed in content dominated by
society’s rules. The activities needed to be interdisciplinary, although not all. Students could
think about the content in different roles and complete the task. The context of the tasks
evaluated the contents. Finally, A normal homework format was not required of the students as
a result of the activities. Instead, it provided a spectrum that permitted a number of options.
Within the context of document analysis, it was astounding to see how many real-world duties
were included in the lesson and unit plans, in-class activities, and explanations. The activity
plans also stuck out because they linked activities to various course topics. The tasks were found
to be appropriate for the activities and finished by every student after the notebooks and
performance records of the students were reviewed. In addition, it was seen that there was no
standard product range and the results of the missions varied. It has been determined that
students are more successful in authentic learning processes, especially when they interact. This
result was supported by many studies in the literature. Mathematics achievement increased with
any scaffolding support (Cai et al., 2022; Ihechukwu, 2020; Valencia-Vallejo et al.,2018, 2019)
Additionally, this finding can be supported by the increase in participation in learning content
when it is supported by relevant, authentic, and fun activities (Bastiirk & Alver, 2019; Giirdogan
& Aslan, 2016). It is also known that such activities support learning performance and improve
the learning experience (Akga et al., 2012; Celebi & Aydin, 2019; Giirdogan & Aslan, 2016;
Safuan & Soh, 2013). Supporting students’ learning processes with real learning problems and
scenarios is still important. Students taking an active role in the classroom, student participation,
cooperation, and interdisciplinary activities are necessary for an effective and productive

learning process (Hamurcu et al., 2016; Hockings et al., 2015; Karabulut et al., 2016; Kern et
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al., 2018; Westberg & Leppien, 2018). By providing real-world experiences to students, a
positive change in their intellectual capacity can be created (Church et al., 2013).

The study has several suggestions for supporting the mathematics learning processes
of students with mathematics learning difficulties in authentic contexts. According to our study,
students with learning disabilities in mathematics benefitted from engaging in authentic
activities. Therefore, current curricula, activities, and policies must include and promote ideas,
principles, and definitions in this direction in addition to supporting the learning process. In this
manner, students who require this type of special education will both be supported in the short
and long terms in their academic and social lives. It is essential to share concrete lists of
authentic learning activities and set an example for each practitioner. In addition to supporting
academic achievement, the study also showed active participation in the learning process,
continuity of participation, and increased interaction. It has been revealed that authentic
learning activities have an important place in the education processes of these students.
Applications for integrating both authentic context and technology are also critical in the
activity planning of teachers within the scope of in-service training. For this, pedagogical
approaches should be in focus. The technological support of learning environments will expand
the range of activities. Future studies can supplement and extend quantitative and qualitative
data using qualitative and quantitative methodologies, working more longitudinally and with
more students. There may be several chances to investigate real-world solutions to mathematics
learning difficulties by fusing them with technology. More specifically, it is possible to assess
the impact of real activities on the various skills of students who struggle with mathematics. It
is possible to assess the efficacy of genuine context for kids in various special education
categories.

Limitations

It is clear that the study presents important findings. However, the study has some
limitations. The first of these limitations is related to the method of the study. Since the study
IS a case study, it is not suitable for generalization. Although the generalizability of the study is
low, it is transferable. The results of the study are valid only for primary school students who
have mathematical disabilities and need special education. This can also limit results, as
students all live in the same country and culture. Based on these findings, future studies may
try to focus on the experiences of a wider audience in different ways. Finally, the study data
was obtained from observations, interviews and documents. It can also refer to different data

sources in the examination of similar phenomena for future studies.
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Ogrenme Giicliigii Olan Ilkokul Ogrencilerinin Otantik Etkinliklerle Ogrenme
Deneyimlerinin Incelenmesi

Ozet:

Bu c¢alisma, matematik O6grenme gligliigli ¢eken ilkokul g¢ocuklarinin otantik baglamlarda 6grenme
deneyimlerini incelemeyi amaclamistir. Coklu durum calismasi olarak yiiriitiilen arastirmaya matematik
giicliigli ¢eken sekiz ilkokul 6grencisi katilmigtir. Arastirma verileri ii¢ farkli veri toplama ydntemiyle elde
edilmistir. Bunlar yar1 yapilandirilmis goriismeler (gozlem oncesi ve sonrasi), sinif i¢i gézlem ve dokiiman
incelemesi olarak belirlenmistir. Toplam bes ay siiren veri toplama siireci sonunda, Ogrenci goriisleri
gostermigtir ki; otantik etkinliklerle desteklenen matematik 6gretim, tanidik problemler, iyi tanimlanmis
gorevler, bilissel destek, otantik degerlendirme ve yansitma gibi 6zellikleri beraberinde getirmigtir. Ayrica
otantik gorevlerin tamamina katilan 6grenci verilerinden goriilmiistiir ki; otantik gérevlere akran, 6gretmen ya
da ebeveyni ile birlikte katilan 6grenciler daha yiiksek tamamlama oranina ulagsmislardir.

Anahtar kelimeler: Matematik 6grenme giiliigii, otantik baglam, vaka ¢aligmasi, yapilandirmacilik, ilkokul dgrencisi.

References

Akca, H., Ata, A. Y., & Karaca, C. (2012). Inflation and corruption relationship: Evidence from
panel data in developed and developing countries. International Journal of Economics
and Financial Issues, 2(3), 281-295. Retrieved December 26, 2022 from
https://dergipark.org.tr/en/publ/ijefi/issue/31954/351843

Aunola, K., Leskinen, E., Lerkkanen, M. K., & Nurmi, J. E. (2004). Developmental dynamics
of math performance from preschool to grade 2. Journal of Educational Psychology,
96(4), 699. https://doi.org/10.1037/0022-0663.96.4.699

NEF-EFMED Cilt 17, Say1 1, Haziran 2023/ NFE-EJMSE Vol. 17, No. 1, June 2023



Ozer Sanal, S. 59

Bastiirk, E., & Alver, A. (2019). Modeling azo dye removal by sono-fenton processes using
response surface methodology and artificial neural network approaches. Journal of
environmental management, 248, 1-9. https://doi.org/10.1016/j.jenvman.2019.109300

Borthwick, F., Bennett, S., Lefoe, G. E. & Huber, E. (2007). Apply authentic learning to social
science: A learning design for an inter- disciplinary sociology subject. Journal of
Learning design, Designing For Effective Learning, 2(1), 14-24. Retrieved December 26,
2022 from https://eric.ed.gov/?id=EJ903900

Butterworth, B., & Laurillard, D. (2010). Low numeracy and dyscalculia: identification and
intervention. ZDM — Mathematics Education, 42, 527-539.
https://doi.org/10.1007/s11858-010

Cai, Z., Mao, P., Wang, D., He, J,, Chen, X., & Fan, X. (2022). Effects of scaffolding in digital
game-based learning on student’s achievement: A three-level meta-analysis. Educational
Psychology Review, 34(2), 537-574. https://doi.org/10.1007/s10648-021-09655-0

Carnine, D., Jitendra, A., & Silbert, J. (1997). A descriptive analysis of mathematics curricular
materials from a pedagogical perspective. Remedial and Special Education, 18, 66-81.
https://doi.org/10.1177/074193259701800201

Casaley, P.M. (2004). Toward and authentic pedagogy: An investigation of authentic learning
instruction in a middle school. Pacific Lutheran University.

Celebi, Y. & Aydin, H. (2019). An overview on the light alcohol fuels in diesel engines. Fuel,
236, 890-911. https://doi.org/10.1016/j.fuel.2018.08.138

Cholewinski, M. (2009). An Introduction to constructivism and authentic activity. Journal of
The School of Contemporary Studies, 42(2), 163-173. Retrieved December 26, 2022 from
https://core.ac.uk/download/pdf/235011948.pdf

Church, J. A., Clark, P. U., Cazenave, A., Gregory, J.M., Jevrejeva, S.Levermann,A., ...,
Nunn,P. D. (2013). Sea level change. Cambridge University Press.

Cohen Kadosh, R. , Dowker, A., Heine, A., Kaufmann, L., & Kucian, K. (2013). Interventions
for improving numerical abilities: Present and future. Trends in neuroscience and
education, 2(2), 85-93. https://doi.org/10.1016/j.tine.2013.04.001

Cohen Kadosh, R. C., & Walsh, V. (2007). Dyscalculia. Current Biology, 17(22), 946-947.
Retrieved December 26, 2022 from https://www.cell.com/current-biology/pdf/S0960-
9822(07)01855-6.pdf

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



60 Investigation of Learning Experiences of Primary School Students with Mathematics Learning Disability with...

Courtade, G. R., Test, D. W., & Cook, B. G. (2015). Evidence-based practices for learners with
severe intellectual disability. Research and Practice for Persons with Severe Disabilities,
39(4), 305-318. https://doi.org/10.1177/1540796914566711

De Smedt, B., Noél, M. P., Gilmore, C. & Ansari, D. (2013) The relationship between symbolic
and non-symbolic numerical magnitude processing skills and the typical and atypical
development of mathematics: A review of evidence from brain and behavior. Trends in
Neuroscience and Education, 2, 48-55. https://doi.org/10.1016/j.tine.2013.06.001

Denzin, N. K. (1978). Sociological methods: A sourcebook. McGraw-Hill.

Dolapgioglu, S., & Doganay, A. (2022). Development of critical thinking in mathematics
classes via authentic learning: An action research. International Journal of Mathematical
Education in Science and Technology, 53(6), 1363-1386.
https://doi.org/10.1080/0020739X.2020.1819573

Donovan, M.S., Bransford, J.D. & Pellegrino, JW. (1999). How people learn: Bridging
research and practice. National Academy Press.

Fuchs, L. S., Compton, D. L., Fuchs, D., Paulsen, K., Bryant, J. D., & Hamlett, C. L. (2005).
The prevention, identification, and cognitive determinants of math difficulty. Journal of
Educational Psychology, 97, 493-513. Retrieved December 26, 2022 from
https://psycnet.apa.org/doi/10.1037/0022-0663.97.3.493

Geary, D.C. (2011). Consequences, characteristics, and causes of mathematical learning
disabilities and persistent low achievement in mathematics. Journal of Developmental &
Behavioral Pediatrics, 32, 250.

Glatthorn, A. A. (1999). Performance standards and authentic learning. Eye on Education.

Glynis, H. (2013). Dyscalculia: action plans for successful learning in mathematics (2nd ed.).
Routledge.

Gulikers, J. T. M., Bastiaens, T. J., & Martens, R. L. (2005). The surplus value of an authentic
learning  environment. Computers in  Human Behavior, 21, 509-521.
https://doi.org/10.1016/j.chb.2004.10.028

Giirdogan, M., & Aslan, A. (2016). Sif 6gretmeni adaylarinin otantik 6grenme yaklagimi
hakkindaki goriigleri [Opinions of primary school teacher candidates about authentic
learning approach). Fen Bilimleri Ogretimi Dergisi, 4(2), 114-140. Retrieved December
26, 2022 from https://dergipark.org.tr/en/pub/fbod/issue/71980/1157956

Hamurcu, Z., Ashour, A., Kahraman, N., & Ozpolat, B. (2016). FOXML1 regulates expression

of eukaryotic elongation factor 2 kinase and promotes proliferation, invasion and

NEF-EFMED Cilt 17, Say1 1, Haziran 2023/ NFE-EJMSE Vol. 17, No. 1, June 2023



Ozer Sanal, S. 61

tumorgenesis of human triple negative breast cancer cells. Oncotarget, 7(13), 16619—
16635. https://doi.org/10.18632%2Foncotarget. 7672

Herrington, J., Reeves, T. C., & Oliver, R. (2006). Authentic tasks online: A synergy among
learner, task, and technology. Distance Education, 27(2), 233-247.
https://doi.org/10.1080/01587910600789639

Hockings, C., Anwari, K., Ninnis, R., Brouwer, J., O'hely, M., Evangelista, M., ..., Fairlie, W.
(2015). Bid chimeras indicate that most BH3-only proteins can directly activate Bak and
Bax, and show no preference for Bak versus Bax. Cell death & disease, 6(4), 1-9.
https://doi.org/10.1038/cddis.2015.105

Hong, H. Y., & Lin-Siegler, X. (2012). How learning about scientists' struggles influences
students' interest and learning in physics. Journal of Educational Psychology, 104(2),
469. https://doi.org/10.1037/a0026224

Hornigold, J. (2015). Dyscalculia pocketbook. Pocketbooks.

Hwang, W. Y., Utami, I. Q., & Chen, H. (2018). An Evaluation Study of Learning Behaviors
and Achievements with Ubiquitous Fraction (u-Fraction) for Elementary School Student.
In IEEE 18th International Conference on Advanced Learning Technologies
(ICALT) (pp. 350-354). IEEE. https://doi.org/10.1109/ICALT.2018.00087

Hwang, W. Y., Utami, I. Q., Purba, S. W. D., & Chen, H. S. (2019). Effect of ubiquitous fraction
app on mathematics learning achievements and learning behaviors of Taiwanese students
in authentic contexts. IEEE Transactions on Learning Technologies, 13(3), 530-539.
https://doi.org/10.1109/TLT. 2019.2930045

Ihechukwu, N. B. (2020). Impact of instructional scaffolding approach on secondary school
students achievement in mathematics. Malikussalenh Journal of Mathematics
Learning, 3(2), 46-50. Retrieved December 26, 2022 from
https://eric.ed.gov/?id=EJ1283339

Jansen, B.R., Schmitz, E.A., & van der Maas, H.L. (2016). Affective and motivational factors
mediate the relation between math skills and use of math in everyday life. Frontiers in
Psychology, 7, 513. https://doi.org/10.3389/fpsyg.2016.00513

Jobling, A., & Moni, K. B. (2004). ‘I never imagined I’d have to teach these children’:
providing authentic learning experiences for secondary pre-service teachers in teaching
students with special needs. Asia-Pacific Journal of Teacher Education, 32(1), 5-22.
https://doi.org/10.1080/1359866042000206026

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



62 Investigation of Learning Experiences of Primary School Students with Mathematics Learning Disability with...

Kang, J., Haughney, K., & Cheek, A. (2022). Case Studies on Students with IDD and Moderate
to Extensive Support Needs: A Document Analysis. DADD Online, 70, 97.
http://www.daddcec.com/uploads/2/5/2/0/2520220/doj_2022.pdf#page=101

Karabulut, S., Karakog, H., & Citak, R. (2016). Influence of B4C particle reinforcement on
mechanical and machining properties of Al6061/B4C composites. Composites Part B:
Engineering,101, 87-98. https://doi.org/10.1016/j.compositesh.2016.07.006

Kaufmann, L., & von Aster, M. (2012). The diagnosis and management of dyscalculia.
Deutsches Arzteblatt International, 109(45), 767.
https://doi.org/10.3238%2Farztebl.2012.0767

Kern, J., Chatterjee, R., Young, I. D., Fuller, F. D., Lassalle, L., Ibrahim, M., ..., Alonso-Mori,
R. (2018). Structures of the intermediates of Kok’s photosynthetic water oxidation clock.
Nature, 563, 421-425. https://doi.org/10.1038/s41586-018-0681-2

Khing, B. (2016). Dyscalculia: its types, symptoms, causal factors, and remedial programs.
Learning Community, 7(3), 217-229. https://doi.org/10.5958 /2231-458X.2016.00022.1

Kosc, L. (1974). Developmental dyscalculia. Journal of Learning Disabilities, 7(3), 46-59.
https://doi.org/10.1177/002221947400700309

Krajewski, K. & Schneider, W. (2009). Early development of quantity to number-word linkage
as a precursor of mathematical school achievement and mathematical difficulties:
Findings from a four-year longitudinal study. Learning and Instruction, 19, 513-526.
https://doi.org/10.1016/j.learninstruc.2008.10.002

Kucian, K., & Von Aster, M. (2015). Developmental dyscalculia. European Journal of
Pediatrics, 174(1), 1- 13. https://doi.org/10.1007/s00431-014-2455-7

Lave, J. & Wenger, E. (1991). Situated learning: Legitimate peripheral participation.
Cambridge University Press.

Lichtinger, E., & Kaplan, A. (2015). Employing a case study approach to capture motivation
and self-regulation of young students with learning disabilities in authentic educational
contexts. Metacognition and Learning, 10, 119-149. https://doi.org/10.1007/s11409-014-
9131-1

Lincoln, Y., & Guba, E. (1985). Naturalistic inquiry. Sage.

Lombardi, M. M. (2007). Authentic learning for the 21st century: An overview (pp. 1-12).
Educause Learning Initiative.

McCloskey, M. (2007). Quantitative literacy and developmental dyscalculias. In D. B. Berch
& M. M. M. Mazzocco (Eds.), Why is math so hard for some children? The nature and

NEF-EFMED Cilt 17, Say1 1, Haziran 2023/ NFE-EJMSE Vol. 17, No. 1, June 2023



Ozer Sanal, S. 63

origins of mathematical learning difficulties and disabilities (pp. 415-429). Paul H.
Brookes Publishing.

Meyers, N. M., & Nulty, D. D. (2009). How to use (five) curriculum design principles to align
authentic learning environments, assessment, students’ approaches to thinking and
learning outcomes. Assessment & Evaluation in Higher Education, 34(5), 565-577.
http://dx.doi.org/10.1080/02602930802226502

Miles, M., Huberman, M., & Saldana, J. (2014). Qualitative data analysis: A methods
sourcebook (3rd ed.). Sage.

Moeller, K., Fischer, U., Cress, U., and Nuerk, H. C. (2012). Diagnostics and intervention in
developmental dyscalculia: current issues and novel perspectives. In Z. Breznitz, O.
Rubinsten, V. J. Molfese & D. L. Molfese (Eds.), Reading, writing, mathematics and the
developing brain: Listening to many voices (pp. 233-294). Springer.

Ojose, B. (2011). Mathematics literacy: Are we able to put the mathematics we learn into
everyday use. Mathematics Education. 4, 89-100. Retrieved December 26, 2022 from
https://filinja.com/wp-content/uploads/2019/05/9510-1640-251f.pdf

Olafson, L., C. Grandy & Owens, M. (2015). Qualitative approaches to studying teachers’
beliefs. In H. Fives & M. G. Gill (Eds.), International handbook of research on teachers’
beliefs (pp. 128-149). Routledge.

Ozkan, T., & Kilicoglu, E. (2021). Reflections of authentic learning on students' scientific
process skills and achievements in mathematics. Acta Didactica Napocensia, 14(1), 29-
44, https://eric.ed.gov/?id=EJ1308685

Reeves, T. C., Herrington, J., & Oliver, R. (2002). Authentic activity as a model for web- based
learning. Annual Meeting of the American Educational Research Association.

Renzulli, J. S. (1997). How to develop an authentic enrichment cluster. National research center
on the gifted and talented.

Reyna, V.F. & Brainerd, C.J. (2007). The importance of mathematics in health and human
judgment: Numeracy, risk communication, and medical decision making. Learning and
Individual Differences, 17, 147-159. https://doi.org/10.1016/j.lindif.2007.03.010

Safuan, H. A. J., & Soh, R. (2013). The integration of authentic learning principles and
Facebook in service learning. Turkish Online Journal of Educational Technology-TOJET,
12(4), 192-199. Retrieved December 26, 2022 from https://eric.ed.gov/?id=EJ1273286

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



64 Investigation of Learning Experiences of Primary School Students with Mathematics Learning Disability with...

Shadiev, R., Hwang, W.-Y., Huang, Y.-M., & Liu, T.-Y. (2016). Cognitive diffusion model:
Facilitating EFL learning in an authentic environment. IEEE Transactions on Learning
Technologies, 10(2), 168-181. https://doi.org/10.1109/TLT.2016.2574356

Shalev, R. (2004). Developmental dyscalculia. Journal of Child Neurology, 19(10), 765-771.
https://doi.org/10.1177/08830738040190100601

Sharma, M. (2020). Mathematics for all. Mathematics education workshop series at
Framingham State University. Mathematics Education Workshop Series.

Simms, V., Gilmore, C., Cragg, L., Marlow, N., Wolke, D. & Johnson, S. (2013). Mathematics
difficulties in extremely preterm children: Evidence of a specific deficit in basic
mathematics processing. The Journal Of Pediatric Research, 73, 236-244.
https://doi.org/10.1038/pr.2012.157

Soares, N., & Patel, D. (2015). Dyscalculia. International Journal of Child and Adolescent
Health, 8(1), 15-26. Retrieved December 26, 2022 from
https://psycnet.apa.org/record/2015-46796-009

Soares, N., Evans, T., & Patel, D. R. (2018). Specific learning disability in mathematics: a
comprehensive review. Translational pediatrics, 7(1), 48.
https://doi.org/10.21037%2Ftp.2017.08.03

Stake, R. E. (2013). Multiple case study analysis. Guilford press.

Tobias, S., & Dufy, T. M. (2009). The success or failure of constructivist instruction: An
introduction. In S. Tobias & T. M. Dufy (Eds.), Constructivist instruction: Success or
failure? (pp. 3-10). Routledge.

Uzunboylu, H., Tezer, M., & Yildiz, E. P. (2020). The effects of the authentic learning approach
with a course management system (Moodle) on students' mathematics success and online
authentic learning self-efficacy. Educational Research and Reviews, 15(11), 679-689.
https://eric.ed.gov/?id=EJ1280106

Valencia-Vallejo, N., Lopez-Vargas, O., & Sanabria-Rodriguez, L. (2018). Effect of
motivational scaffolding on e-learning environments: Self-efficacy, learning
achievement, and cognitive style. Journal of Educators Online, 15(1), nl. Retrieved
December 26, 2022 from https://eric.ed.gov/?id=EJ1168944

Valencia-Vallejo, N., Lopez-Vargas, O., & Sanabria-Rodriguez, L. (2019). Effect of a
metacognitive scaffolding on self-efficacy, metacognition, and achievement in e-learning
environments. Knowledge Management & E-Learning, 11(1), 1-19. Retrieved December
26, 2022 from https://eric.ed.gov/?id=EJ1245649

NEF-EFMED Cilt 17, Say1 1, Haziran 2023/ NFE-EJMSE Vol. 17, No. 1, June 2023



Ozer Sanal, S. 65

Wadlington, E., & Wadlington, P. (2008). Helping students with mathematical disabilities to
succeed. Preventing School Failure: Alternative Education for Children and Youth,
53(1), 2-7. https://doi.org/10.3200/PSFL.53.1.2-7

Wardani, R., Zakaria, M., Priyanto, P., Luthfi, M. I., Rochmah, I. N., Rahman, A. F., & Putra,
M. T. M. (2021). An authentic learning approach to assist the computational thinking in
mathematics Learning for elementary school. Elinvo (Electronics, Informatics, and
Vocational Education), 6(2), 139-148. http://dx.doi.org/10.21831/elinvo.v6i2.47251

Westberg, K. L., & Leppien, J. H. (2018). Student independent investigations for authentic
learning. Gifted Child Today,41(1), 13-18. https://doi.org/10.1177/1076217517735354

Woolley, N. N., & Jarvis, Y. (2007). Situated cognition and cognitive apprenticeship: A model
for teaching and learning clinical skills in a technologically rich and authentic learning
environment. Nurse Education Today, 27(1), 73-79.
http://dx.doi.org/10.1016/j.nedt.2006.02.010

Yin, R. K. (2014): Case study research, design and methods. 5th edition, Sage.

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Cilt 17, Say! 1, Haziran 2023, sayfa 66-98. ISSN: 1307-6086
Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education
Vol. 17, Issue 1, June 2023, pp. 66-98. ISSN: 1307-6086

Research Article

Concept Images of Prospective Mathematics Teachers for
Geometric Representation of the Double Integral
Concept

Mustafa OZBEY !, Senol DOST 2

1 Hacettepe University, Institute of Educational Sciences, Beytepe,

06800, Ankara, hacettepe.mustafa.ozbey@gmail.com, http://orcid.org/0000-0002-8638-
5153

2 Hacettepe University, Mathematics and Science Education, 06800,
Beytepe, Ankara, Turkey, dost@hacettepe.edu.tr, http://orcid.org/0000-0002-5762-8056

Received : 31.03.2023 Accepted : 12.05.2023
doi.org/10.17522/balikesirnef.1274911

Abstract — This study has focused on how prospective mathematics teachers understand the geometric
representation of double integral. The basic qualitative research method was adopted as the research design in
accordance with the research purpose. Six participants have been asked six questions. Later, semi-structured
interviews were conducted with the participants. In this study, the data obtained from questionnaire form and
interviews were analyzed with open and axial coding. As a result of this research, it was observed that the concept
images of prospective mathematics teachers were grouped into two categories as “area” and “volume”. It was
determined that the participants acted with an intuitive approach without having to establish a relationship between
the concept definition and the concept image, the [f in the symbol of the double integral caused the participants
to think of it as a two-dimensional geometric structure and their image of the concept of the single integral was
very active. The findings obtained in this research show that there are problems in understanding the concept of
the double integral, which is the first step of generalizing to multiple integrals, and that educators should produce

solutions for this subject.
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Introduction
Multivariate calculus helps us mathematically understand objects in the 3D world. Many

of the functions that represent most objects in everyday life depend on more than one variable.

For example, the volume of a right circular cylinder is equal to the product of the height with
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the area of the circle. Therefore, the application fields of multivariate calculus are wider than
single-variable calculus application fields. Basic concepts of calculus find applications other
than mathematics such as probability, statistics, biology, physics, economics and engineering
(Stewart, 2009). However, the concepts of multivariate calculus are not well understood and

there are few studies for the teaching of these concepts (Dorko & Weber, 2014).

Teacher training programs vary based on the countries’ educational goals and generally
consist of disciplinary subjects, educational studies and teaching practices (Comiti & Ball,
1996). For instance, the mathematics education undergraduate program is shaped around the
deep field knowledge of prospective mathematics teachers, pedagogical knowledge of the field
and knowledge to ensure the cognitive development of students (Loewenberg Ball et al., 2008;
Shulman, 1987). While teachers' thinking structures, mental schematics and beliefs affect
teaching practices in the classroom environment and students' learning (Ernest, 1988; Heid et
al., 1998), teacher training programs should be able to reflect the nature of mathematics well to
prospective teachers (Fennema & Franke, 1992) since students' mathematical thinking can be
improved (Dossey, 1992; Loucks-Horsley et al., 2009). Therefore, mathematics teachers should
have advanced mathematics thinking. Although Calculus 1 and 2 where single-variable
functions are located, linear algebra and the image of pre-university mathematical concepts
have been researched for over 40 years exceedingly, little is known about the image of advanced
mathematical concepts (Hamza, 2012). Moreover, it is also difficult to create an appropriate
concept image when advanced mathematical concepts need a high level of thinking (Tall &
Vinner, 1981).

Prospective mathematics teachers take multivariate calculus as a field course and stated
that their learning of multivariate calculus concepts better interprets single-variable concepts
(Tchoshanov et al., 2002). In addition, it was observed that mathematics teachers who took
multivariate calculus courses were more successful in understanding the basic concepts of
calculus (Tchoshanov et al., 2004). Teachers who do not have a deep understanding of calculus
concepts will also be incapable of educating students with the ability to pursue careers in
science, technology, engineering, and mathematics (STEM) (Maltas & Prescott, 2014). Thereby
societies that could not be settled with their age in the 21st century, whose economy was weak
and dependent on other countries would be created. For this reason, calculus education has
become a necessity to be taught conceptually in both secondary education and higher education
(Sofronas & DeFranco, 2010).
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One of the basic concepts of calculus, which has an increasing use in this century and has
an application in real life problems, is the double integral (Steward, 2009). The double integral
is the integral of a two-variable and continuous function f (x, y) over a bounded region in the

plane. More clearly; we consider a function of two variables defined on a closed rectangle

R =[a,blx[c,d] = {(x,y) ER*la<x < b,c <y <d}
and we first suppose that f(x,y) = 0. The graph of f is a surface with equation z = f(x, y).

Let S be the solid that lies above R and under the graph of f. We are trying to find the volume

of S. First, we will divide the R region into rectangles as seen in Figure 1.
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Figure 1 Dividing R into rectangles

Then the area of each rectangle (AA = AxAy) and the f(x;},y;;) value of a point inside the
rectangle is multiplied. So, the volumes of the prisms formed are found. Then, if we add all the
volumes, we get the approximation V = ™, =1 f(x;‘]-,y{‘j)AA for the volume of S as

seen in Figure 2.
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Figure 2 Volume approximations of the solid
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While the width and length of each rectangle are reduced (as m and n increase) the volume
sums of the prisms converge to the quantity. V = Y, =1 f(x{"j,y;*j)AA is defined
under the graph of f and the volume of the solid S remaining above the rectangle R. This limit
also occurs when f is not positive. And the double integral of f over the rectangle R is
IJp feay)da=32, Y%, f(xi,vi;)AA, if this limit exists (Steward 2009). Therefore,
the understanding of volume is at the heart of the double integral concept. For this reason,
students are expected to see this implicit relationship in order to learn more deeply while
learning the double integral concept. Otherwise, the students' understanding of the double
integral concept will not be able to go beyond the operation that a calculator does. For example,
students will have trouble interpreting situations where the function is negative. The
curriculums expect students to see these implicit relationships by going beyond the procedural
knowledge (Radzimski, 2020).

Many studies have been conducted about the single integral in the literature of
mathematics education, and in some of these studies it has been discovered that since the
students regard the integral calculation and area calculation the same (Rosken & Rolka 2007),
they perceive the symbolic form of the integral as a special function such as f(x) = sin (x)
(Rosken & Rolka 2007; Serhan 2015), have difficulties in creating representation (Huang 2015;
Serhan 2015), act with prototype examples (Jones 2018) and have difficulty in defining the
relationship between image and definition (Rasslan & Tall 2002; Habineza 2013; Rosken &
Rolka, 2007; Serhan 2015). There are not many studies relating to the multiple integral and it
IS observed that mathematics instructors have been starting to focus on multiple integral over
the last five years (Martinez-Planell & Trigueros 2020). In this context; the generalization of
the single-variable integral into the multiple integral (Jones & Dorko 2015), the pedagogical
examination of the teaching of double and triple integral definitions by dividing them into
geometric, numerical and symbolic representation layers (McGee & Martinez-Planell 2014)
and how students establish the relationship between the multiple integral and the Riemann sum

have been investigated (Martinez-Planell & Trigueros 2020).

There are difficulties and hardships in understanding the concept of double integral,
which requires high-level cognitive competence (Dorko & Eric 2014; McGee & Martinez-
Planell 2014). The concept of double integral makes it difficult for students to understand
because it requires understanding function of two variables, three-dimensional geometry

knowledge and visualization skills. Once students have learned the single integral, they should
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be able to generalize the concept of single integral both conceptually and procedurally as the
first step of inductive reasoning. Problems in a mental configuration in the concept of double
integral will cause problems in the concept of multiple integral as well. For this reason, the
diagnostic and treatment methods of mental structures of the students for the double integral

concept will also contribute to the mental structuring studies of the multiple integral concepts.

The quality of the relationship between the concept and their geometric representation
also reveals the quality of understanding (Fischbein, 1993). Rdésken and Rolka (2007)
mentioned the importance of the analytical and geometric definitions of the concept of integral
and stated that using different images instead of single and dominant images for the concept of
integral will take conceptual understanding to an advanced level. Oberg (2000), on the other
hand, stated that the reason for the sign problem of function that the students experience when
the results of the integral processes are negative is that they cannot identify a relationship
between the integral and its geometric representation. According to APOS theory, which
examines how to learn advanced mathematics concepts, the relationship between multivariable
functions and its geometric representation takes place only at a high level cognitive stage
(McGee & Martinez 2014; Sefik & Dost, 2019). In addition, it has been determined that students
have difficulty in understanding the relationship between the double integral and its geometric
representation (McGee & Martinez 2014; Martinez-Planell & Trigueros 2020; Sefik & Dost
2019). Thus, their understanding (images) of the geometric representation of the concept of the
double integral is of high importance. It will be beneficial to reveal how much the students'
understanding of volume is in accordance with the nature of the double integral concept and in
what context it is difficult to teach the concept better. In this context, this study is aimed to
determine concept images of prospective mathematics teachers for the geometric representation
of a double integral concept. Accordingly, the following research problem has been answered:

What are the concept images of prospective mathematics teachers regarding the

geometric structure of the concept of double integral?

Theoretical framework

The whole cognitive structure formed in the individual's memory for a concept is called
"concept image” (Tall & Vinner, 1981; Vinner 1983). It consists of all cognitive structures such
as mental pictures, features, and processes related to the concept (Tall & Vinner, 1981; Vinner
1983). When a function word is heard, examples can be given, such as remembering the

expression y=f(x) or reviving a function graph in the mind (Vinner, 1991).
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The concept definition is a set of words that accurately describe a concept (Vinner, 1983).
From this point of view, the definition of concept can be expressed as a structure consisting of
words and/or symbols used by textbooks or relevant experts. Definitions shape our image of
the concept, and once the image is formatted, the definitions are abandoned or forgotten
(Vinner, 1991). The effective status of the concept images that are generated can vary
depending on time, event, or even question (Tall & Vinner 1981; Vinner, 1983). This means
that an image of a concept that is effective in one question may not be effective in the other

question.

Image is an element that defines knowledge and gives information about whether people's
thoughts belonging to the concept are appropriate for the formal structure (Smitt & Kosaslyn,
2014). The theoretical framework for “concept definition and concept image” in mathematics
education covers how students think and understand a mathematical concept, in short, all the
cognitive structure of a concept. In this study, the theoretical framework of the concept
definition and concept image will be used to determine how prospective mathematics teachers
shape the geometric representation of the double integral in their minds. Thereby, by
determining the images for the geometric representation of the concept of double integral, how

they conceptualize the double integral and the problems encountered will be revealed.

Method

Since the study aims to reveal the concept images of prospective mathematics teachers
about the geometric representation of double integral, the basic qualitative research method was
adopted as the research design. Basic qualitative research is about how people interpret their
experiences and how they make sense of their own minds (Merriam, 2009). This is to reveal
how prospective mathematics teachers interpret the geometric representation of the double
integral and how they formed the concept image. Besides, qualitative research designs
contribute to the consistency of the research phases by providing a flexible approach to the

researcher in determining data collection and analysis approaches.
Participants

Students' mathematical learning changes according to the student population of learning
(Kloosterman, 2002). For example, while it is sufficient for engineering students to learn
procedural information by profession, conceptual understanding is not very important to them
(Khiat, 2010). However, conceptual learning is very important for prospective mathematics

teachers expected to reach more abstract concepts than other professions. For this reason,
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participants in the study consist of six prospective mathematics teachers ( Py, P,, P3, P,, Ps, Pg)
who are studying in the faculty of education in a state university in the 2017-2018 academic
year and that can provide data diversity.

Calculus 4 course is offered in the spring term of the second class and focuses on the
limit-derived concepts of multivariate functions and multiple integral. The teaching program is
scheduled to finish the double integral concept in 12 hours. In Calculus 4 course, formal
definition, algebraic operations, Fubini theorems, region transformations, area and volume
calculations and improper integral subjects are taught for the double integral concept. In this
context; participants were selected from the students who succeeded in lesson Calculus 4.
Additionally, participants are made up of volunteers in accordance with the opinions of the
relevant instructor. Examination of students' comments and exams during the course process
allows the instructor to be a natural observer. Thus, it is expected that it will be possible to reach
different and rich images.

Data Collection Tools

The data consists of written responses to the questionnaire form of the participants and
audio recordings from semi-structured interviews with the participants about these questions.
Firstly, while the concept of the double integral was offered in the Calculus 4 lesson, one of the
researchers listened to the course for 3 weeks. A questionnaire form has been created taking
into consideration the questions and responses students have asked in the lessons. Two expert
opinions were consulted for questions prepared to ensure the content validity of the research. A
pilot study has been performed with 10 students who have just learned the double integral
concept. In the pilot implementation, written questionnaires have been given in their classes
and during the application courses. There have been six questions (from Q1 to Q6) (Appendix
1) after the pilot study. Semi-structured interview form questions were prepared based on both
the observations of Calculus 4 lectures to understand students' and lecturers' reactions to the
related concept and adopted questions from previous research (e.g., Rasslan & Tall, 2002;
Rosken & Rolka, 2007) according to research purposes. These questions are about concept
image, interpreting symbolic and geometric representation, formal structure of double integral
and calculation of Riemann Sum. After the questions of the semi-structured interview forms
were formed, two expert opinions were taken to ensure the quality of both mathematics and
mathematics education content of questions. Interview questions were revised and asked expert
opinions until providing consensus. Some questions are revised to be provided more clearly.

New questions were also added based on the research purpose. Based on expert opinions, Semi-
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structured interview questions are formed from easy to hard levels. Different images of students
were tried to be reached by using verbal, algebraic, and graphical representations in the
questions. The questionnaire form has been applied to the participants at any time in the
classroom environment. They were asked to answer the questions in writing. There has been a
semi-structured interview with six participants answering questionnaire form. The interviews
were held at the time the participants requested. The following questions have first asked in the

semi-structured interview:
11) What do you understand from the concept of double integral?
12) What is the formal definition of a double integral?
13) What do you think about the geometric representation of the double integral?

After these questions, questions such as “What did you think in this question?”, “How
did you calculate this question?”, “Could you explain why you thought like that” were asked in
line with their answer to the questions. In addition, they have been asked additional questions

based on the expressions of their participants in a semi-structured interview.

For example, when the participant said that the two-fold integral was a two-dimensional
geometric structure when the integrand function was 1, the researcher asked the participant

"What does the fol fol dydx integral mean geometrically?" Vinner (1983) noted that

students may have the wrong image of a concept even if they pass the exam. In addition, the
conformity or relationship of the resulting concept images to the concept definition has been
examined from the perspective of capacity understanding of the double integral definition
described in the introduction. For example, when the participant stated in the questionnaire
form that he found volume with the integral in Q2, he was asked what the integrand function
meant geometrically. Thus, it has been examined whether the concept image is related to the

concept definition.

The interview has been audio recorded with the permission of the participants. No time

restriction has been made. The semi-structured interview lasted 45 minutes approximately.
Data Analysis

In this study, the content analysis process proposed by Strauss and Corbin (1990) is
adopted. It is desired to reveal the concepts and relationships hidden in the data by subjecting
them to a deep process in content analysis. It is not easy to form the appropriate concept image
in advanced calculus concepts (Tall & Vinner, 1981). In order to reveal students' concept image

in depth, the data were analyzed to benefit from open and axis coding techniques of grounded
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theory. These analysis methods allow the examination of the concept images in the most
detailed way and to reveal the implicit mental pictures. Otherwise, for example, the concept
images for the concept of integral will not go beyond the calculation of area and volume, and
whether it is related to the concept definition will not be exactly determined. Researchers have
not interfered with any participant's perspective. The data acquired with audio recording has
been first converted into written form before proceeding with data analysis. The answers of the
participants to the questionnaire form and the written data from the semi-structured
conversation audio recordings have been assessed by transferring them to the Maxqda 2018
program. The data obtained from the questionnaire form and audio recordings were evaluated
as holistic. In other words, the data obtained from the questions have not separated from each
other. The concepts and connections included in the answers have tried to be analyzed by

comparing them with each other.

Data analysis has been analyzed step by step and then comparatively by two authors;
analysis supported by open and axial coding. Open coding is an analytical process in which the
dimensions and features of the concepts are attempted to be discovered by carefully separating
the data into the smallest piece (Strauss & Corbin, 1998). After the data has been separated into
its smallest part, the labeling process has been performed by asking persistent questions such
as “What is the major idea brought idea brought out this sentence?” (Strauss & Corbin 1998, p.
120) and continuously comparing the data. The two researchers have independently encoded a
participant's interview deciphering. After that, unnecessary codes have been discarded by
discussing among themselves and the codes have been finalized. Then, the transcripts of the
other participants have been also examined in this perspective. Finally, the researchers have
came together and discussed the differences. Member control is one of the most important
strategies of qualitative studies to learn how accurately codes reflect what participants express
(Rossman & Rallis, 2012). Two participants have been selected and confirmed that the coding
made reflected their own thoughts, and the final version of open coding has been decided. As
far as possible, analytical codes have been tried to be reached from descriptive codes (Urquhart
2012). For example, in the 6th question of the application, when participants have been asked
to find the double integral result using the volumes below and above of the surface in both

-z and z, they marked the sum of volumes V; + V,. P; has explained this as follows:

Because it is on the positive side of the region here is on the negative side. (....) If I say
this place V/, it will be found out. - V negative. For example, we take this directly as the volume

would not be negative.
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This data has been first labeled as “non-negative status of volume calculation”. Later,
when other data have been examined since the participant considers the volume finding account
and the integral account to be identical, it has been seen that the result of the integral calculation
will not be negative, this data piece has been coded as “The identical state of volume and
integral”.

Axial coding is the process of classifying data around categories based on the
characteristics and dimensions (Strauss and Corbin 1998), which we study in the most detail in
open coding. After open coding, the two researchers have independently determined which
categories these codes have dimensions by re-examining the written responses to the transcripts
and application questions. The two researchers have finally agreed on the encodings in Table
1. Table 1 shows categories, subcategories (“concepts that pertain to a category” (Strauss and
Corbin 1998, p. 101)). Open codes, and each concept will be explained in detail in the findings

section.

Table 1 Concept images of prospective mathematics teachers for the geometric representation of the
double integral

Category Subcategory Open coding

Area of non-rectangular regions (geometric shapes that cannot be
calculated with a certain formula),

area of the region (the area of the integral region in the double integral),
area under a curve (the area under a curve within the limited interval),
shadow of a curve (finding the area of the place between the curve and the
plane by moving a curve to the xyz-plane),

three-dimensional area (the area of that shadow by drawing a curve on the
XYZ-plane, showing its shadow in two dimensions),

surface area (finding the area of a surface with a double integral)

If the function is 1 (the expressions of the participant who considers that
The status of "able to integrand function is 1 as a rule),

calculate area™ (Status in absence of function (the expressions of the participant who states that

As a discourse, the state
of expressing the area.
(Expressed as double
integral discourse)

Area which case the areais  integrand function is one and there is no function),
calculated with the the status of area calculation by integral if the height is 1 when calculating
double integral) the volume (the integrand function is geometrically high and height be).

Connection of integral  Identical status of area and integral (the interpretations of the participants
area indicating that the result of double integral will not be negative and zero),
(Relationship between  Differentiation of area and integral (the interpretations of the participants
integral account and area indicating that the result of double integral may be negative and zero)
account)
Avrea calculation strategy The status of non-calculation of the area if the function is not given
(Interpretations made  (situations where a geometric shape is asked to express the area with a
while calculating areas  double integral; the participant states that he/she cannot solve it because no
with double integral) function is given)
As a discourse, the state
of expressing the
Volume  volume.
(Expressed as double
integral discourse)

The volume of the remaining space between the region and f(x, y)
(volume of the remaining part between the surface and the specific region
while calculating the double integral),

The volume of solid (volume of solid objects such as a prism, cylinder),
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the cross-section method (the cross-sectional method used when
calculating the volume with the single integral),

volume of irregular objects (volume of objects that cannot be directly
calculated by formula such as prism, cylinder),

the disk method (the disk method used when calculating the volume with
the single integral)

The status of being triple integral (the concept of volume is related to triple
integral concept)

status of being function inside the integral (situations where the integral
function of the double integral 1 does not exist),

status of setting additional conditions (the operations performed when
calculating the single integral volume),

the status of able to calculate volume if f(x,y) = 0 is (double integral
represents volume where integrand function in double integral is positive)
Connection of integral  Identical status of volume and integral (double integral operation and
volume volume calculation are identical and the result of double integral cannot be
(Relationship between  negative and zero),

integral calculation and Differentiation of volume and integral (the result of double integral
volume calculation) operation may be negative and zero)

Volume calculation
strategy
(Interpretations made
while calculating
volume with double
integral)

The status of "able to
calculate volume™
(Status in which cases
volume is calculated
with the double integral)

The status of unable to calculate volume if height (z) is not given (volume
calculation will not be made because no integrand function is given when a
solid is provided and asked to be calculated with double integral)

Findings
In this part, findings related to concept images of prospective mathematics teachers for

the geometric representation of the double integral concept are provided. As a result of the
analysis of the data of this research, it has been that the concept images of the prospective
mathematics teachers for the geometric representation of the concept of double integral are
gathered in the categories of “area” and “volume”.

Area

This category refers to the concept image of the participants who see the double integral

concept as an “area" from prospective teachers.
As a discourse, the state of expressing the area

This subcategory represents the answers given by the participants who see the double
integral as “area”. The following codes represent the participants' comments representing their
understanding of double integral while interpreting the semi-structured interview questions (11

and 13) and explaining their answers to the questions, Q1 and Q2, in the questionnaire form.
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Area of non-rectangular regions  Area of the region Shadow of a curve
(Plr PSJ p4- PS) (Pl)
(P3) '

~ t 7

As a discourse. the state of expressing

< : N

Surface Area Area under a curve Three-dimensional area
(P, B) (P, P, P3, By, B, ) (P)

Figure 3 The classification of the expressions of the participants "what they have found" with double

integral

The idea reflected by each code in Figure 3 is described below. In this way, the

expressions related to the views of the participants are reflected by making direct references.

The area of non-rectangular regions refers to geometric shapes that cannot be calculated
with a certain formula, such as squares, rectangles, etc., P; shared his thoughts on the double

integral concept as follows:

“Hmm. Well. For example, there is a region, an area with no clear shape. (....) We cannot

calculate them directly. So, I think the double integral has been consulted.”

The area of the region represents the area of the integral region in the double integral.
When the researcher asked what area we have found, Ps said he found the area of "a closed
region".

The shadow of a curve represents finding the area of the place between the curve and the
plane by moving a curve to the xyz-plane. P; expressed how he found the area with double

integral as follows and illustrated his thoughts as shown in Figure 4:

“Areaaa. I would draw a function. Like a shadow of a function, I would reduce the area

down.”
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Figure 4 Interpretation of P; related to the double integral concept

Surface area refers to finding the area of a surface with a double integral. P, described

the surface area as follows and illustrated its thoughts as shown in Figure 5:
“We performed it Calculus 4. This provides a region. It provides a function on it. For
example, it wants the area on T region from us, by drawing them, the area or volume on T

region of that function."”

Figure 5 Interpretation of P, related to the double integral concept
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The area under a curve represents the area under a curve within a limited interval. All

participants have used this expression. P has expressed the double integral as follows.
“We always found the area under this function (y = x?2) with the help of integral."

The three-dimensional area represents the area of that shadow by drawing a curve on the
XY Z-plane, showing its shadow in two dimensions. When the researcher has asked, “What do

you understand about the concept of double integral?" P; explained his idea as follows.

“An area on double integral. So, in the first dimension, in the single integral, I usually
think of the first dimension. (....) The double integral area comes to my mind in three
dimensions. “

Here, it is seen that P, thinks of the integral symbol in terms of dimension. The participant
thinks that the single integral is one-dimensional, and the double integral is two-dimensional.
For this reason, the area image is formed in the participant's mind. He illustrated the above
explanations by drawing in Figure 6.

o

X

Figure 6 Interpretation of P; related to the double integral concept

When the above codes are examined, all codes are related to the concept of single integral
rather than double integral except for the surface area code. Furthermore, the common point of
these codes is that the participants consider the concept of double integral as a single variable
function. Inappropriate concept images stand out in the participants. Therefore, a relationship

between concept definition and concept image cannot be detected.
The status of "able to calculate area”

This subcode includes the answers given by the participants to the questions, Q2 and Q3,
in the questionnaire form. In other words, it represents the concept images that explain how the
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participants construct the integrand function, in which cases the area is calculated with double
integral and what the integrand function means geometrically. The coding for this subcategory

is shown in Figure 7, followed by the meaning expressed by each code.

The status of "able to calculate area"

o l AW The status of area
calculation by integral
If function is Absence of function if the height is when
9] 0 calculating the volume
0

Figure 7 The classification of the interpretations of the participants on the area account with double
integral

If the function is 1 represents the expressions of the participant who considers that
integrand function is 1 as a rule. When the researcher asked why they wrote the integrand

function 1 while calculating the area, the participants below gave the following answers.
“I'm not sure if 1 when? Himm. If it weren't zero, we wouldn't have any area." (P,)

The Absence of function represents the expressions of the participant who states that

integrand function is one and there is no function. Some of the participants, for example:

“If there has been a function, I could interpret it as three-dimensional, but since it yields
1, it is two-dimensional.” (P)

While P5 explained how he solved Q3 and Q4, "stated that there should be no function.
Upon this statement, the researcher asked what | 10 f 10 dydx geometrically represented; P
shared his thoughts as follows.

“I call it the exact area. Because there is no function. There is no function before dxdy. |

understand that the area is there whatever it is necessary and what it requires."

The status of area calculation by integral if the height is 1 when calculating the volume
means that the integrand function is geometrically high and height is 1. P; and P, have been

able to visualize that here and integrand function is 1 not only as a rule but also geometrically.

When the researcher asked what f23 f: 1dxdy geometrically meant, P; said:

“Here comes z = 1. | mean, a certain height. (....) That is the area. (....) It will be the

same when we multiply it by 1. It is inferred from there. "
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P; and P, were able to see the relationship between the volume perspective and the area
in the concept definition of the double integral only with extra questions. They may have
reached such a comment by being influenced by the questions on the questionnaire form in the

semi-structured interview.

2999

When the subcategory of “The status of “able to calculate area™ is examined, it is Seen
that most of the participants shared their thoughts that 1 should be written in the integral or
there should be no function in order to calculate the area with double integral. Participants think
that the integrand function is 1 as a rule/operation. Since the participants do not perceive the
understanding of the volume in the formal structure of the double integral, they imagine the
integrant function to be 1 as a rule only. Therefore, they do not realize the relationship between
integrand function being 1 and height of a solid. In addition, the participants do not see “1” as

a function.
Connection of integral and area

This subcategory represents the interpretations of the participants as a result of the
negative result of the integral calculation when the questions, Q2 and Q3, in the questionnaire

form are asked. The coding and descriptions for the subcategory are shown in Figure 8.

Connection of intearal and area

Identical status of area and integral Differentiation of area and integral
0 0

Figure 8 The classification of the interpretations of the participants on the relationship between double

integral and area

The ldentical status of the area and integral represents the interpretations of the
participants indicating that the result of double integral will not be negative and zero. Below is

a quote about P5 interpretations of the negative result of the double integral.

“Itis —1/4. We are supposed to never find it negative. (....) Itis —1/4 but we are talking

about area and volume.”

Differentiation of area and integral represents the interpretations of the participants

indicating that the result of double integral may be negative and zero. When the result of the
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double integral has been negative, P; stated that the area could not be negative. Later, he

realized that the function may be in the negative region and shared his thoughts as follows.

“The area is not negative. I think it's wrong. (....) Maybe it can get something in a minus

region, function. (....) We'll find the bottom half.”
Although the participant also said that the integral result was from the negative region in
the statement above, he stated that he thought he had solved it incorrectly when the result came
back negative when solving Q1 and Q2 questions. In the semi-structured interview, he stated

that the answer might be due to the negative region.

When Figure 8 is examined, most of the participants see the calculation of area as
identical to the double integral process. This situation shows that the relationship between
concept image and definition is not established and the implicit relationships underlying the

concept are not noticed.
Area calculation strategy

This subcategory represents the interpretations of the participants when calculating the
area with double integral. The coding for the subcategory is shown in Figure 9.

Area calculation strategy

The status of non-calculation of the area if the function is not given

0

Figure 9 The classification of interpretations of the participants while calculating the area with double

integral

The status of non-calculation of the area if the function is not given refers to situations in
which the participant states that the participant “cannot solve because the function is not given”
when a geometric shape is asked to express the area with a double integral. In the Q4, when the
area of a closed rectangular region was asked to be expressed with the concept of double
integral, the participants stated that they could not solve it because the integrand function was
not given in the question. The expressions related to these views are given below in the form of

direct references:

“He didn't define us a function. Since function has not been defined, I don't know that.”

(P1)
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From the above citation, it is seen that the participants have the perception that it is an
obligation to give integrand function in the questions.

Volume
This category refers to the concept image of the participants who see the double integral
concept as “volume" from prospective teachers.
Status of linguistically expressed volume
This subcategory represents the answers given by the participants who see the double
integral as “volume”. The following codes represent the participants' comments representing
their understanding of double integral while interpreting the semi-structured interview

questions (11 and 13) and explaining their answers to the questions, Q1 and Q2, in the

questionnaire form.

Volume of the remaining space between the region Volume of irregular objects
and 0

0 . /

As a discourse, the state of expressing the

Volume of solid The cross-section method The disk
0 0 method

Figure 10 The classification of the expressions of the participants “what they have found” with double
integral

The idea reflected by each code in Figure 10 is described below. In this way, the

expressions related to the views of the participants are reflected by making direct references.

The Volume of the remaining space between the region and f (x, y) indicates that there is
the volume of the remaining part between the surface and the specific region while calculating

the double integral. P, shared his thoughts on the double integral as follows:
“I might be able to find the volume between this B region and this f(x,y) function.”
Participants using the above attributes cannot be sure that what they are saying is true.
This indicates that the participants could not make connection with the volume perspective in
the concept definition. Such a concept image may have been established from the questions
they solved in the lesson.
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The Volume of irregular objects refers to the volume of objects that cannot be directly
calculated by formulas such as a prism, cylinder. When asked by the researcher why we use the

concept of double integral, P; reflected his opinion as follows:

“Yes. Whether it's area or volume. We use it to find the volumes and areas of objects

whose picture is not exactly clear, which we cannot fully formulate."

The Volume of solid refers to the volume of solid objects such as a prism, cylinder. For

example, Ps described the concept image related to the double integral as follows:

“For example, the triangular prism can be calculated in them. It helps calculate their

volumes in double integrals."

The cross-sectional method represents the cross-sectional method used when calculating

the volume with a single integral. P, shared his thoughts on the double integral as follows:

“It is the volume of the cylinder mr2h. (....) If we find a double integral area, we can add
something to it and find the volume. (...) you know, putting rr2 on top of each other h time.

This could lead us to a triple integral.”

The disk method represents the disk method used when calculating the volume with the
single integral. When P, was asked what the concept of double integral reminds you, he
explained his thoughts as follows.

“When we turn this curve like this, it eventually forms a conical shape there. We find its
volume with integral. With double integral.”

When the above codes and quotations are examined, it is seen that the participants
generally have concept images for the understanding of volume in the concept of single integral
rather than the understanding of volume arising from the nature of the concept of double
integral.

The status of "able to calculate volume”

This subcategory represents the participant responses indicating in which cases the double
integral process indicates the volume. The coding for the subcategory is shown in Figure 11

followed by the meaning expressed by each code.
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The status of being triple integral ~ Status of being function inside the integral

0 0
/'

The status of "able to calculate volume”

— T~

Setting additional The status of able to calculate volume if
conditions §)

Figure 11 The classification of the interpretations of the participants on the calculation of volume in

double integral

The status of being triple integral signifies that the concept of volume is related to the
triple integral concept. The concept of triple integral outweighs the participants when they say

“volume". Some views of the participants on volume are as follows.

“There are three different variables. I believe it's a triple integral as volume calculation.
" (Ps)

“Volume to triple integral. Double integral for area. Indeed, when | hear a double word
group, | think of the area that comes to mind " (Pg)

Status of being function inside the integral represents situations where the integral
function of the double integral 1 does not exist. It also f(x,y) = 1 shows that it does not see
the expression as a function. For example P, , when there is an expression outside the integrand

function 1, he said that there is volume and that he adopts it as a rule.
“Here it is the area when we take the function 1, the volume when there is a function
inside, so I ...Stereotyped, in my mind.” (P,)

The status of setting additional conditions describes the operations performed when
calculating the single integral volume. P,, remembered the area of each section of the solid
when calculating the volume of the cylinder in the single integral and mentioned that the

integral should be multiplied by “m”.

The status of able to calculate volume if f (x, y) = 0 refers that double integral represents
volume where integrand function in double integral is positive. P; said that the integrand

function must be positive for the double integral to be a volume calculation. And by writing the
flz f: (x2 + y)dxdy integral as an example, he stated that this integral must be x + y >
0 to give volume calculation. Although it is considered here for P; because of the relation with
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the concept definition, he cannot fully interpret that the image of the function is positive. He
says that this is how it is expressed during the study of textbooks and lessons. Therefore, it has
been observed that the negative image of the function only causes a concept image to be created
by saving the graphic as a picture drawn in that region. Because the function's mission there

cannot be interpreted by P;.

The idea of the participant's "If usually there are x and y terms in the integrand function,
the volume is calculated” and the understanding of "Volume is calculated with triple integral”
outweighs. When the codes here are examined, the area image is more outweighs the volume
image for the double integral. Therefore, it is seen that there are problems with understanding
the double integral concept. The fact that procedural knowledge is at the forefront of the

participants causes a limited concept image.
Connection of integral and volume

Interpretation of the results of the double integral as positive, negative, and zero
represents the answers of the participants regarding the calculation of the volumes below and
above the surfaces in z and —z with double integral. The coding and descriptions for this

subcategory are shown in Figure 12.

Connection of intearal and volume

“ Diffé¥entiation of vol d integral
Identical status of volume and integral ITierentiation of volume and integra

0 0

Figure 12 The classification of the interpretations of the participants relating to the relationship

between double integral and volume

Identical status of volume and integral refers that double integral operation and volume
calculation are identical and the result of double integral cannot be negative and zero. For
example, when participants have been asked to find the double integral result using the volumes
below and above the surface in both - z and z in the Q6 they marked the sum of volumes V; +

V,. For example, P; explained marking this option as follows:

“If I say this place V, it will be found out. - V negative. For example, we take this directly

as the volume would not be negative"
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Differentiation of volume and integral represents that the result of the double integral
operation may be negative and zero. Below is a quote about P,’s interpretations of the negative

result of the double integral.
Researcher: Is the integral calculation the same as the volume calculation?

P,: It's not always the same, actually. (....) For example, if ee is at the negative and

bottom area of z, we take it into absolute value.

Although P, above see the volume and integral calculation differently, he does not
connect with the concept definition. The participant was able to comment on the absolute value
of the integrand function of the volume calculation.

When Figure 12 is examined, most of the participants see the volume calculation as
identical with the double integral operation. Therefore, participants think that the integral result
cannot be negative or zero. Some of the participants realized that the volume could be different

with double integral only later.

Volume calculation strategy

It represents the interpretations of the participants when calculating volume with double
integral. The coding for this subcategory is shown in Figure 13.

Volume calculation strategy

The status of unable to calculate volume if height () is not given

0

Figure 13 The classification of the interpretations of the participants when calculating volume with

double integral

The status of unable to calculate volume if height (z) is not given means that volume
calculation will not be made because no integrand function is given when a solid is provided
and asked to be calculated with double integral. Participants explained the reasons why they
could not calculate the volumes of solids given in application question 5 as follows.

“We can't find the volume. Because there's nothing. Like height." (P;)

“I need to know what the f(x,y) function is." (Pg)
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From the above citations, it is seen that the participants have the perception that it is an
obligation to give integrand function in the questions.

The Interplay Between Concept Definition and Concept Image for Double Integral

None of the participants could formally define the double integral (12). In addition, there
has been no finding that the participants established a relationship between the concept
definition and the concept image. The interpretations of the participants in the semi-structured
interview do not arise from the formal definition of double integral. When the subcategories are
examined, it is seen that the interpretations of the participants result from the concept of a single

integral.

Discussions
This study is aimed to reveal the concept image of prospective mathematics teachers for
geometric representation of double integral.

Semi-structured interviews (11 and 13) and answers to questions in the questionnaire form
(Q1-Q4) appear to prioritize procedural skills for the concept of double integral. Due to such
an approach, it is not a surprise that the participants have a limited concept image. It has been
observed that the double integral is not associated with the volume understanding in accordance
with the formal structure of the double integral because it takes the resulting concept images
and has a volume calculation restriction. It may have been caused by the region drawings used
to analyze the double integral rather than the geometry structure represented by the double
integral in calculus lessons. Due to the formal structure of the double integral, the volume image
is expected to be more revived in the minds of the participants, but it is seen that it is less
represented. When Figure 4 and Figure 6 are examined, in fact, some of the students are aware
of a concept in 3-dimensional space, but they cannot sense any further since they cannot exactly
relate to the concept definition. One of the reasons why the volume image is problematic and
limited in the minds of prospective mathematics teachers for a double integral can also be
caused by the difficulty of visualizing 3-dimensional concepts (Seaman, 2000). In this case,
symbols, rules, and prototype examples are at the forefront of memory.

Rules are at the forefront as the participants could not establish a complete relationship
between concept definition and concept image in this study. For example, students have created
a mental representation of the relationship of the double integral to the area as a 1 or no function
in the symbolic expression rather than the height being 1 in the volume calculation. When

Vinner and Drefyus (1989) examined the concept images of function in their study, it is seen
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that the rules become more active in memory. In the studies of Martinez-Planell and Trigueros
(2020) and Jones and Dorko (2015), it is seen that between the lines, students have confused
between area and volume with double integral. The reason for this confusion among students
is stated to be caused by seeing the two-variable function as a two-dimensional structure by
Jones and Dorko (2015).

More detailed data were obtained with the concept image-concept definition theoretical
framework and grounded theory coding techniques. For example, the expression of the concepts
of area and volume as discourse is an important argument in demonstrating the inadequate
images of concepts formed in the mind of people and how they relate to the definition. It is
observed that there are problematic and unconnected images in discourse codes. Hall (2010)
stated in his study that discourse has an effect on learning calculus concepts and shows whether
there is sufficient conceptualization or not. When solving double integral questions, drawing is
made to determine the boundaries, but the geometric representation expressed by the integral is

not drawn. In this case, it can cause students' concept image to be shaped around the area.

When the participants have been given an image of the area of a region on the XY Z-plane
and a solid on the XYZ-plane and asked to calculate area (Q4) or volume with double integral
(Q5), the participants had difficulty interpreting such questions. Since the integrand function is
usually defined in problems, it is seen that this leads to a perception (image) such as an
obligation situation in the participants. Participants do not have a connection between the
function and the height, which causes problems in solving the problem. It is believed that
resolving problems with the translation of different representations will lead to the creation of

different and rich image concepts.

It has been identified that participants are seeing the integral calculation and finding the
area and volume accounts of geometric structures identical. Therefore, the participants have
placed an image where the integral result cannot be negative. Participants are unable to
recognize cases arising from the negative region because they see the area and volume and the
integral calculations similar. In other words, students who see the double integral as a formula
that can only calculate area and volume, like a calculator, cannot notice the state of the function
arising from the negative region. Additionally, this situation shows that students cannot
establish a bridge between concept definition and concept image and they do not have
appropriate concept image. Students limiting the calculation of the integral to area and volume
only limits their conceptual understanding (Orton 1983; Sealey 2014). Even participants who

state that the result of the double integral may be negative do not realize that the appearance of
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the function is negative. In textbooks and lectures, explanations of the result of integral as
negative region by instructors overshadows the situation caused by the appearance of the
function. Therefore, the Riemann sum should be given importance. The implicit relationships
that underlie the concept image of Rieman's total activities can contribute to the understanding
of the students. The Riemann sum will be both with the ability of students to develop a richer
image of concept and to better solve their daily life problems (Sealey 2014; McGee & Martinez-
Planell 2014; Martinez-Planell & Trigueros 2020).

Symbols have a significant effect on the representation of concepts in memory (Allen &
Brooks, 1991). If people do not know the implicit nature of the concept, they act with the
meanings in symbols (Smith & Kosslyn, 2007). We believe that the double integral has two
symbols on its symbolic expression [ [, which are effective in thinking as a two-dimensional
geometric structure in the participants. In this study P;, Ps, P, think that the concept of volume
is related to the triple integral due to being three variables. Students can see two-variable
function as a two-dimensional structure (Jones & Dorko, 2015). Both the complete lack of a
two-variable function and the graphs drawn to determine the boundaries of the double integral
symbol and the double integral in the lessons can cause the double integral to be two-
dimensional. In this study, it is seen that participants load dimension meaning into the integral
symbol because they cannot see the relationship of the symbolic expression of the double
integral to the independent variable. Therefore, the meaning of the symbolic structure of the
double integral should be given well. With outlier examples, this false concept image can be
prevented. Outlier examples are effective in creating an adequate and accurate concept image
of students (Tall & Vinner, 1981)

These results show that participants are acting with an intuitive approach, without having
to correlate the concept definition with the concept image. Whereas definitions are an important
building block in understanding the essence of mathematical concepts, in the development of
concepts of students, in clarifying and communicating terms, in communicating with
mathematical arguments. However, mathematicians see the concept definitions as the center of
the issue in advanced mathematics, vice versa, it is seen that students act with images. (Tall &
Vinner 1981; Edwards & Ward, 2004). In addition, it has shown that none of the participants
can define the formal definition of the double integral and that no relationship is identified
between the concept image and concept definition; the concept image and concept definition
model created by Vinner (1983; 1991) have shown that participants act with an intuitive

approach. Therefore, it shows that there are problems understanding relationships for the double
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integral concept. When the data is reviewed, the concept images for the geometrical
representation of the double integral of prospective mathematics teachers can be modeled in
Figure 14.

Volume

Figure 14 Views of prospective mathematics teachers for the geometric representation of the double
integral

The study of Figure 14 shows that the image of the area in the minds of students is very
dominant, and the concept of the integral, which is more single integral than the double integral,

iS seen as active.

In cognitive psychology, when the stimulus is presented quickly in sequence, the error of
recognizing the stimulus is called repetition blindness (Kanwisher, 1987). The second stimulus
IS not seen as a separate event after the first stimulus, triggering the first stimulus and recording
a single event. (Smith & Kosslyn, 2007). Repetition blindness claims that we do not create a
new and separate representation of something that we have just processed as we have restricted
time and we do not notice the repetition for this reason. (Smith & Kosslyn, 2007). Cognitive
obstacles arise in mathematical thought processes such as reversibility, flexibility and
generalization (Norman & Pichard, 1994, p.76). In the two-dimensional thinking of the double
integration, the two-variable function may have some intellectual barriers, except in cases of
detection problems, etc. We believe that one of the reasons why there is no appropriate concept
image, especially in advanced mathematics concepts, is perception errors, such as repeat
blindness. Although there are more volume questions than area questions about the double
integral concept when we look at the calculus books, the area image is outweighed by the
participants. This is because participants receive a single integral concept as an integral concept
in a calculus course in both high school and first-class in an undergraduate degree. Therefore,

it arouses the idea in which they encode the concept of integral as a single concept in general.
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For this reason, it is thought that the image of the area is active in the double integral by our
authors. In this regard, participants consider the multiple integral as a single integral and do not
create a different image. Once students have learned the concept of a variable function, if they
do not see the two-variable functions as a separate concept, they will not represent the two
variances for functions separately and will act with the images of a variable function. These
types of inappropriate images can be called concept blindness. The study conducted by Edwards
and Ward (2004), expressed their surprise by finding that they created a new concept, images
of a previously learned concept, and incorrect mental pictures. Experts who design multiple and
versatile teaching should be assisted to identify perception errors of mathematical concepts and
create rich and accurate image concepts. This will help strengthen the conceptual understanding

of the students by designing activities that prevent perception errors.

It is not easy to create a consistent concept image in advanced calculus subjects, and it is
difficult to gain deep knowledge of concepts with an inappropriate concept image (Tall and
Vinner, 1981). Therefore, for a better conceptualization of the double integral concept, concrete
material activities should be used. Otherwise, only the computer systems and proofs used may
be weak in concept image formation. It is also effective in the formation of mental pictures in
accordance with the nature of the concept of concrete materials (Fischbein, 1993). In this way,
it can be explained that the area is only a feature and comes out because the height is multiplied
by 1. As it seems that there is no permanent learning at the desired level in verbal expression
or written proof of concept. Moreover, it will be useful to introduce the lesson with the problems
that are the basis of the concept of double integral, and the features taught after that are steps
towards solving these problems, and by going back to these problems again, it will be useful to
reach a conceptual understanding that can solve similar problems practically. Thus, it may be

possible to form appropriate concept images.

In fact, the studies to be carried out for the development of these advanced mathematical
concepts have contributed to the development of mathematical thinking of mathematics
teachers. It will lead to a better mathematical idea of the students they will raise indirectly.
Considering the results of this study, it is recommended to carry out action studies and teaching

experiments to learn the concept of better double integral.
Limitations and Recommendations

This research is limited to the concept image of six prospective mathematics teachers.
Similar research may be conducted on a large group to make generalizations of the findings.

Furthermore, a general model or theory would be put forward if double integral could be
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searched in the departments of mathematics, mathematics education, and engineering. From
this point of view, the differences and similarities of concept images of students can be
deepened and understood. Concept images of prospective mathematics teachers who graduate
before and after 2018 may be compared to highlight the effects of the undergraduate program
which is updated in 2018.

Conclusion

The concept of revealing general concept images of a concept has an important place for
teaching (Vinner & Drefyus, 1989). Thus, it will help the people who plan to teach to develop
their teaching methods by knowing in advance what kind of idea structure their target audience
has and the cognitive obstacles they may fall into. The aim of this study is to determine how
prospective mathematics teachers understand the geometric representation of double integral
and to contribute to the understanding of double integral. The answers of the participants to the
six questions and the data from the semi-structured interviews have been analyzed in parallel.
Considering these data, concept images under two main headings “area” and “volume" have

been examined.
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Matematik Ogretmeni Adaylarinin Cift integral Kavramiin Geometrik Temsiline
Yonelik Kavram Gorselleri

Ozet:

Bu ¢alismada matematik 6gretmen adaylarinin ¢ift katl integralin geometrik temsilini nasil anladiklarina
odaklanilmigtir. Arastirmanin amaci dogrultusunda bu ¢alismanin aragtirma deseni, temel nitel aragtirma
yontemi olarak benimsenmistir. Alt1 katilimerya alt1 soru sorulmustur. Daha sonra katilimeilarla yar1
yapilandirilmis goriismeler yapilmistir. Anket formu ve goriismelerden elde edilen veriler agik ve eksensel
kodlama ile analiz edilmistir. Arastirma sonucunda matematik dgretmen adaylarinin kavram imajlarimin
“alan” ve “hacim” olmak tizere iki kategoride toplandig1 goriilmiistiir. Arastirmadan elde edilen veriler
dogrultusunda, katilimeilarin kavram tanimi ile kavram imaji arasinda iliski kurmak zorunda kalmadan
sezgisel bir yaklasimla hareket ettikleri, ¢ift katl integral semboliinii [/ iki boyutlu geometrik bir yap gibi
diisiindiikleri ve tek katli integral kavramina iligkin imajlar1 etkin olduguna ulasilmistir. Bu arastirmada elde
edilen bulgular, ¢coklu integrali genellemenin ilk adimi olan ¢ift kath integral kavraminin anlagilmasinda
zorluklar oldugunu ve egitimcilerin bu konuya yonelik ¢oziimler liretmesi gerektigini gdstermektedir.

Anahtar kelimeler: Cift katli integral, kavram imaji, kavram tanimi, matematik 6gretmen adaylari.
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Appendix 1

Questions
(1) Evaluate the double integral of the function f(x,y) =xy over the R = {(x,y) €
[—1,0]x[0,1]}?
(2) Evalute the iterated integral.

0 1
o, f, xydydx
(3) Use a double integral to find the area of the region bounded between the curves y = x2 and
y=X.
(4) Express the area of shaded rectangular region in the following figure by using the double
integral.

z

o
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T

The points at which the solids listed above cut the xyz-planes are marked in the plane. Express
the volume of these solids using the double integral.

fxy)

(6)

The above figure shows the function f(x, y) defined where R = {(x,y) € [-2,2]x[-2,2]}. V;
is the volume above R and below the graph of f(x, y) and V, is the volume below R and above
the graph. Accordingly, which statement provides the result of the integral given below?

Il fx,y)dA =2

A) V1+V2 B) VZ_VI C) Vl_VZ
D)IV; — V| E) (Vi +V2)
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Abstract — Several studies revealing that students who receive traditional instruction indicate more interest in
lessons in which active learning methods are employed have been conducted. This research aimed to determine
the effect of drama-assisted teaching activities on university students’ achievements in Electrostatics concepts in
Physics-2 class. For this purpose, instruction supported with the drama method was employed in addition to
traditional teaching. The study followed a quasi-experimental research design with a control group, and the
participants of the study were 83 second year students who studied at an Education Faculty, in the west of
Turkey. To collect data, an Electrostatics Concept Test and a Drama Method Attitude Scale were used. As a
result of the research, regarding the concept test, scores of the experimental group supported with drama-assisted
instruction were significantly higher than the control group. It was found that the experimental group drama
attitude mean score was 78.9% positive. According to the results of the research, drama alone is not a magic

wand like Harry Potter's wand, but it is a more successful method than traditional methods.
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Introduction

In learning physics, lessons which foster characteristics of a traditional teaching setting
lack effectiveness. Due to such teaching contexts, it is observed that students’ misconceptions
remain unchanged after physics lessons, or only a few can be eliminated. Even though they

easily solve numeric problems, students have difficulties with conceptual questions. It is
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argued that the discrepancy between success at traditional context and failure in conceptual
questions stems from the ineffectiveness of traditional instruction methods in terms of
contribution to conceptual learning. Additionally, it is evidenced that lessons prompting
students to actively participate in the activities help unsuccessful students elevate their
achievement levels. Active learning methods are regarded as more effective ways for students
to learn physics and chemistry concepts, and compared to traditional instruction; these
methods encourage them to be more active during lesson activities (Demirci & Cirkinoglu
Sekercioglu, 2009; Kaya Eker, 2023; Yildirir, 2020). According to Agikgdz (2006), active
learning can be described as the process in which the learner bears responsibility for learning,
IS given opportunities for making decisions concerning various learning dimensions and for
self-regulation, and is prompted to use cognitive faculties through complex instructional
steps. There are a number of modern teaching methodologies based on active learning (Akbas,
2011; Cirkinoglu Sekercioglu, 2011; Durusoy, 2012; Maharaj-Sharma, 2017; Sedef, 2012;
Tiirkkusu, 2008; Yagmur, 2010). And drama method in which active student participation is
facilitated is one of them. Akar-Vural and Somers (2011) define drama in education as a form
that stands for teaching a content item through drama elements, thus regarding drama as a
fundamental teaching method. Furthermore, besides using art forms and techniques in
education, the main motivation behind drama in education is creating learning situations for
learners in which they can experience real occurrences through role playing in a fictional
setting. To role-play, one requires knowledge. Knowledge contributes to playing the role
appropriately, making learning possible at the same time. Drama in science education has
been developed to enable students to understand the topics better, and it includes various
activities they might need. Besides, it helps students learn by living, making the classroom
enjoyable. Drama applications provide students with opportunities to make use of a language
they cannot normally use in their daily lives (igelli et al., 2008). Although there is a
perception that the use of drama is limited to lessons related to social and non-math studies, it
generates positive results with math and science lessons when used effectively (Oguz-
Namdar, 2017). There are certain steps to make the use of the drama method effective in
classrooms as follows: preparatory/warm up stage, enacting stage, and evaluation/discussion
stage. In the preparation phase, participants are facilitated to be prepared for the process of
enacting both physically and mentally through introduction, interaction, free walking, plays,
rapport, and trust activities. The enactment stage includes all the phases in which a topic is
formed with a common effort as the product and presented to an audience. In short, it is the

stage during which teaching a topic is put into action. Lastly, the evaluation stage is the final
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process in which participants make judgments about activities and topics used in the
enactment and a determination is sought after concerning the matching of teaching the topic
and learning outcomes (Adigiizel, 2018; Oguz-Namdar, 2017). The drama method consists of
several techniques such as improvisation, role playing, role exchange, acting teacher,
flashback, hot seat, interview, conscience alley, still image (freeze frame), gossip circle,
writing in role, internal voice, holding a meeting, pantomime, rituals and ceremonies, family
photo, iceberg, thought tracking, etc. (Adigiizel, 2018; Akar-Vural & Somers, 2011; Karadag
& Caligskan, 2008). Drama techniques that were used in this study are as follows: role playing,
improvisation, hot seat, and writing in a role. Role playing technique is the enactment of some
roles assigned to each student. Acting out the character’s all thoughts and feelings, students
get out of their own personas, which reduces their fear of making mistakes and increases their
calmness (Geng, 2003; Giiney, 2009; Karadag & Caliskan, 2008; Karadag et al., 2008).
Improvisation technique is enacting an unprecedented situation or role assigned to a student
without any preparation for the role. However, some basic information must be provided prior
to enactment since students must have an understanding of the essence of the topic to
improvise (Giiney, 2009; Karadag & Caliskan, 2008; Okvuran, 1994). Hot seat technique
requires one student to sit down to a chair and others to surround him/her to ask various
questions related to a topic. In this technique, other students must avoid asking off-topic
guestions and making comments. Writing in role technique includes writing products such as
letters, journals, etc. to generate knowledge, insights, thoughts, and feelings related to a topic
by assuming the role of a character, possibly an important figure. It is possible to discuss

about the products and make comments (Adigiizel, 2018).
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Figure 1 Distribution of research reviewed (2000-2018)

Regarding the studies focusing on the use of drama in science education, the most
frequent levels appearing are the research on primary and secondary levels. Among the
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research reviewed for the study, 38 experimental studies related to science education were
examined in terms of education level, distribution of science fields, and dependent variables.
Figure 1 and Table 1 below present the distribution of contents of reviewed research in

percentages.

The reviews of the literature revealed that the majority of studies were on the effect of
drama on student achievement (81.58%). It was followed by attitude studies focusing on the
effect of drama-oriented education on the attitudes of students towards the lesson and subjects
(28.95%). In addition, the rest of the studies with regard to drama are as follows: the effect of
drama on scientific process skills, drama’s effect on scientific creativity, and the nature of
science (13.16%). It was observed that the majority of research studies (65.79%) were on the
level of secondary school. Drama-oriented studies conducted on university level science
teaching indicated an increase in recent times (21%).

Table 1 Characteristics of the studies examined in the literature review (2000-2018)

Properties %

Effect of drama on student achievement 81.58
Effect of drama on students’ attitudes towards lesson 28.95
Effect of drama on scientific process skills, nature of science, self-regulation 13.16
Research on primary school level 10.52
Research on secondary school level 65.79
Research on high school level 2.63
Research on university level 21.05
Research related to drama’s effect on teaching on physics subjects 42.11
Research related to drama’s effect on teaching on chemistry subjects 7.90
Research related to drama’s effect on teaching on biology subjects 23.68
Research on drama in relation to general science subjects 26.32

Additionally, when Figure 1 and Table 1 regarding the amount of drama-oriented
experimental studies conducted on science fields were observed, it can be seen that the
highest number of studies were led in the field of physics (42.11%). Biology field follows
physics in terms of number of research papers with a percentage of 23.68%. Rate of drama
studies conducted through general science topics which contain physics, chemistry, and
biology is 26.32%. It is noticeable that in experimental drama research with regards to
physics, the most prominent studies were on the topic “Force and Motion” (Akbas, 2011;
Durusoy, 2012; Maharaj-Sharma, 2017; Sedef, 2012; Yagmur, 2010). Concerning the
experimental drama studies on other physics subjects included topics as the following; heat

and temperature, electricity, mirrors, sound, light, let’s know our planet, and energy (Cihan-
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Yilmaz, 2006; Cirkinoglu Sekercioglu & Yilmaz Akkus, 2016; Kahyaoglu et al., 2010; Sagirl
& Giirdal, 2002; Taskin Can, 2013; Taskin & Mogol, 2016b; Timbul, 2008; Timothy & Abata,
2014). Considering the research reviewed, it was revealed that the drama method led to a
significant increase in both student achievement levels and their attitudes towards the lesson
compared to traditional instruction techniques. Even in the cases where there was no
significant difference to the control group, student achievement levels were measured to be in
higher rates in groups that received drama-oriented instruction. However, in addition to the
results indicating that drama instruction increased student achievement, some studies reported
issues related to time constraints (Yilmaz Akkus & Cirkinoglu Sekercioglu, 2019). To
overcome time-related obstacles, it is vital to consider that teachers should have ready-to-use
drama activities prior to instruction and the number of drama studies in science subjects
should be boosted to facilitate teachers’ practicality with the issue by encouraging them to
make drama use more widespread. Therefore, this research makes a valuable contribution to
the literature on the grounds that it designs drama activities in electrostatics topic and that
these activities are used as a way to determine the effect of drama on student achievement

levels of electrostatic concepts.

The main purpose of this research is to determine in what ways and how drama-assisted
teaching affects education faculty students’ electrostatics concept test levels and their attitudes

towards drama method. For this purpose, the sub-problems of the research are shown below;

i. Is there a significant difference between Electrostatics Concept Test pre-test

scores of experimental and control groups in terms of group variable?

ii. Is there a significant difference between experimental group’s Electrostatics

Concept Test pre-test and post-test scores in favour of the post-test?

iii. Is there a significant difference between control group’s Electrostatics Concept

Test pre-test and post-test scores in favour of the post-test?

iv. Is there a significant difference between Electrostatics Concept Test post-test

scores of experimental and control groups in terms of group variable?
v.  What are the attitudes of experimental group towards drama method?

vi.  Is there any correlation between Electrostatics Concept Test and Drama Method

Attitude Survey regarding the experimental group’s post-test scores?
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Method
Research Design

This study follows a quasi-experimental research design, making use of pre-test post-
test control group model. Considering the use of data collection tools, both quantitative and

qualitative interpretations are benefitted from.
Participants

The participants of the study were 83 second year students who studied at an Education

Faculty, in the west of Turkey.

Table 2 Demographics of Groups

Experimental Group Control Group
Female 36 35
Male 8 6
Total 42 41

In forming the sample, the principal of accessibility was followed. This type of the
sample requires participants and setting formed taking finances, time, and economy of the

environment into consideration (Balci, 2004).
Data Collection

As data collection tools, the research made use of an Electrostatics Concept Test (ECT)
and a Drama Method Attitude Scale (DMAS).

Electrostatics Concept Test (ECT)

To determine the impact of drama-assisted teaching on students’ achievement levels
regarding electrostatics concepts, an ECT consisting of 20 multiple-choice questions was
used. The original test developed by Maloney et al. (2001) included 32 questions and covered
topics of electrics and magnetism, and was translated and adapted into Turkish by Demirci
and Cirkinoglu (2004). Validity and reliability tests related to 20-item electrostatics version
which is the same test used in this study were run by Cirkinoglu Sekercioglu (2011). Table 3
below presents the distribution of topics and concepts regarding the question items in
Electrostatics Concept Test.

Table 3 Concepts /Topics Covered by ECT

Items Concepts/Topics Items
Distribution of charge in conductive and non-conductive 1,2, 11
Coulomb’s law of force 3,4,5
Electrical force and electrical field superposition 6,7
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Force caused by electrical field 8,9, 10, 15
Work, electrical potential, field, and force 9,13, 14, 15
Getting charged by impact and electrical field 11,12
Gauss Law 16, 17, 18
Capacity, potential difference, electrical field, electrostatic field 19
Capacity, potential difference, electrostatic energy 20

pres
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KR 20 reliability coefficients obtained from various study data related to ECT are

ented in Table 4.

Table 4 ECT data KR-20 reliability coefficient Works

Number of Items KR 20
Maloney et al. (2001) 32 0.75
Demirci and Cirkinoglu (2004) 32 0.71
Cirkinoglu Sekercioglu (2011) 20 0.67
This study 20 0.66

The reliability coefficient obtained from the data of ECT was calculated as 0.66. Table 5

indicates item difficulty indices and item discrimination indices.

Table 5 ECT item analysis values

Item Difficulty (p;) Discrimination (rjx) Item Difficulty (p;) Discrimination (rx)
1 0.83 0.44 11 0.48 0.52
2 0.36 0.60 12 0.28 0.44
3 0.90 0.30 13 0.60 0.44
4 0.86 0.30 14 0.66 0.30
5 0.84 0.35 15 0.34 0.52
6 0.84 0.35 16 0.69 0.44
7 0.66 0.35 17 0.14 0.30
8 0.69 0.48 18 0.62 0.30
9 0.42 0.30 19 0.55 0.39
10 0.78 0.48 20 0.35 0.30
- - - Mean: 0.59 0.39

value was 0.39. The obtained values are in the acceptable range (Tezci & Yildirim, 2007).

ECT average difficulty value was calculated as 0.59 while the average discrimination

Drama Method Attitude Survey (DMAS)

For the purpose of determining the attitudes of students towards drama method, a

DMAS was developed. Influenced by Peer Teaching Attitude Survey developed by Authors
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(2011), the scale has four dimensions as follows: “Drama in Physics Lesson (FD)”, “Drama in
Electrostatics (ESD)”, “Drama and Problem Solving, Abstract-Concrete Thinking Skills
(PCD)”, and “Choosing Drama (DTE)”. After a factor analysis was run, 26 items with 5-point
Likert scale was diminished into 18 items. After a pilot study on 152 students who were
exposed to drama method and a confirmatory factor analysis via LISRELS8.8 software, the
survey was applied to 42 students and students and the questionnaire was finalized.

Figure 2 Confirmatory Factor Analysis Values

As shown in Figure 2, considering the distribution of 18 items in accordance with
factors and factor loadings, NFI, CFI, and CRMR values were calculated as 0.87, 0.88, and
0.08 respectively. In addition, generated RMS value of 0.19 was outside the desired range. It
was assumed that it was due to the small number of items and the participants. Finally,

Cronbach’s Alpha reliability co-efficient was calculated as 0.95.

Instruction Process
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Both unassigned groups were administered an ECT as pre-test prior to the instruction. It
was determined that there was no significant difference between two groups, and the group
with the most appropriate timetable was assigned as the experimental group. In the
experimental group, drama activities were performed following the regular lesson activities as
presented to traditional classroom. For the control group, traditional instruction activities used
such as lecturing and question-answer. After the 4-week-long instruction period, both groups
were administered the same concept test as post-test. Moreover, the experimental group was
administered the DMAS.

Drama Activities Related to Electrostatics

Initially, drama activities concerning electrostatics topic in university were designed by
the researcher. After the confirmation of a scholar in the field, these activities were piloted in
a group with similar characteristics to the experimental group. After the pilot activities,
necessary revisions and developments were made to be implemented to the ultimate context.
Activities are listed as follows: electrification by friction, touching, and force; grounding;
electrical force and Coulomb Law, electrical field lines, movement of a charged particle in a

laminar and a turbulent electrical field and Gauss Law; electrical potential; energy and

capacitors.
Table 6 Drama Activities Related to Electrostatics
No Topic Drama Techniques Duration
1 Conductive and insulative Role playing, improvisation, and still image 45 min
2 Types of electrification and grounding Role playing, improvisation 45 min
3 Electrical force and Coulomb Law Role playing, improvisation 45 min
4  Electrical field and lines Role playing, improvisation 45 min
5 Particle movement in uniform electrical field  Role playing, improvisation 45 min
6 Gauss Law Acrostics, hot seat 45 min
7 Electrical potential and energy Role playing, improvisation 45 min
8 Capacity Role playing, improvisation 45 min

Below is the an example from the drama activities used in teaching:

ACTIVITY 1

Topic: Gauss’s Law

Objective: Students discover the features of Gauss’s Law and solve the problems presented by
using Gauss’s Law.

Grade: University 2nd grade

Materials: Pen and paper
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Duration: Two lesson hours
Drama Techniques:  Writing in a role, acrostics, and hot seats.

1st phase:
In this phase, the lesson knowledge about the basic principles of Gauss’s Law is presented to students
through direct instruction technique.

2nd phase: Drama Activities

2.1. Preparation - Warm-up:
Since drama activities are to be performed in the classroom environment, the game of stand-up/sit-
down is played.

2.2. Enactment:

1st step: Pens and papers are handed out to students. Then, students are asked to write GAUSS’S
LAW from top to bottom to create a poem involving the features of Gauss’s Law starting with the
corresponding letter on each line. Following the completion of the poems, each student reads aloud
the product in turn.

2nd step: Features of Gauss’s Law are repeated by using hot seats techniques. To do this, four
volunteers from the student group are each seated in a chair in turn. The student who is seated is
addressed as Gauss’s Law. Other students ask questions about the features of Gauss’s Law and the
circumstances under which it is used. The student in the seat who enacts Gauss’s Law answers these
questions. Then, other students in turn start enacting Gauss’s Law.

2.3. Evaluation:

During this phase, students are asked questions concerning the basic principles of Gauss’s Law.
Following this, they are asked to write down the general formulae of Gauss’s Law, and they are
asked to explain how they would solve a problem regarding electrostatics by using Gauss’s Law.
Finally, sample problems about Gauss’s Law are solved to revise what has been learned.

Findings

To determine if the variables were distributed normally, Skewness and Kurtosis
normality test was run, and values calculated by dividing Skewness and Kurtosis values were
divided by Skewness and Kurtosis error values. As a result, the values were calculated in the
range of -1.96 and +1.96; thus, it indicated a normal distribution (Can, 2014).

Table 7 Normal Distribution Values of Data

Pre Test Scores Post Test Score Drama Attitude Score
Exp. Control Exp. Control Exp.
N 42 41 42 41 42
Mean 6.21 6.32 13.64 10.07 78.94
Median 6.00 6.00 13.50 10.00 75.77
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Mode 6 6 12 9 93
Std.Dev. 2.066 2.055 2.748 2.696 11.972
Skewness 203 .094 .008 393 A71
Std. Skewness Error .365 .369 .365 .369 .365
Kurtosis -.915 -.880 -1.110 -.394 -.408
Std. Kurtosis Error Jg17 124 Jg17 124 Jg17

Following the determination of data distributed normally, it was decided that parametric

test should be used in data analysis.

Findings Concerning First Research Question

Regarding the first research question, an independent sample t-test and Levene test were
run to determine a significant difference between two groups’ ECT pre-test scores in terms of

group variables.

Table 8 Levene and Independent Samples t-test Findings of Pre-test Mean Scores of Groups

Levene Test T test
Group N M % S F p t p
Pre-test Experimental 42 6.21 31.05 2.066 0.004 0.951 -0.227 .821

Control 41 6.32 31.60 2.055

When the experimental and control groups’ ECT pre-test scores were examined, it was
deduced that both groups mean scores were close in the sense of values, yet no significant
difference between them was detected [t81=-0.227, p>0.05].

Findings Concerning Second Research Question

Regarding the research question, a significant difference between ECT pre-test and

post-test scores of the experimental group was sought and a paired samples t-test was run.

Table 9 Paired Samples t-test Results of Experimental Group Pre-test Post-test Scores

N M S sd t p
Pre-test 42 6.21 2.066 41 -16.151 .000
Post-test 42 13.64 2.748

According to t-test findings, a significant difference between the experimental group’s
pre-test and post-test scores [t41=-16.151, p>0.05]. It was indicated that drama-assisted
instruction positively affected student conceptual understanding.
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Findings Concerning Third Research Question

For the research question, the control group’s ECT pre-test and post-test scores were

compared to detect a significant difference, and a paired samples t-test was run.

Table 10 Paired Samples t-test Findings for Control Group Pre-test Post-test Scores

N M S sd t p
Pre-test 41 6.32 2.055 40 -9.334 .000
Post-test 41 10.07 2.696

Findings of the t-test revealed that there was a significant difference between control
group’s pre-test and post-test scores [t40=-9.334, p>0.05]. It was found that traditional

instruction had a positive impact on students’ conceptual understandings.

Findings Concerning Fourth Research Question

An independent samples t-test and Levene test were run to determine if there was a
significant difference between ECT post-test scores of control and experimental groups in

terms of group variables.

Table 11 Control and Experimental Groups’ Post-test Mean Scores and Findings of Levene and
Independent Samples t-test

Levene Test T test
Group N M % S F p t P
Post-test Experimental 42 13.64 68.20 2.748  0.307 581 5.972 .000

Control 41 10.07 50.35 2.696

Considering ECT post-test scores of both group students, mean scores of the
experimental group participants were observed to be higher than the control group, and there
was a significant difference between them [t81=5.972, p<0.05]. In the study, it was revealed
that drama-assisted instruction was more effective than traditional instruction to teach

electrostatics in terms of student conceptual understanding.

Findings Concerning Fifth Research Question

Data analysis with regard to the fifth research question was performed to determine if

the attitudes of the experimental group towards drama method were positive or negative. It
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was revealed that the experimental group mean scores were 78.9% positive based on DMAS

administered after the instruction.

Table 12 Means and Percentages of DMAS Items

Item Number Item M %  Std. Dev.
1 (FD1) Dramais a suitable method for physics class. 4.07 814 712
3 (FD2) | prefer learning physics through drama more than other 3.90 78 .878
methods.
5 (FD3) Drama simplifies physics subjects. 4.05 81 764
6 (FDA4) Drama makes physics class more tedious. 4.24 84.8 576
7 (FD5) Using drama in physics class is hard and complicated. 381 76.2 943
9 (FD6) Drama helped me prepare for physics exams. 3.67 734 1.028
11 (FD7)  Using drama in physics class is unnecessary. 3.90 78 .692
14 (FD8) Drama improved my observation and explanation skills in 3.93 78.6 778
physics class.
2 (ESD1) Dramais a suitable method for electrostatics topic. 395 79 731
15 (ESD2)  Learning electrostatics through drama is enjoyable. 4.07 814 712
8 (PCD1) Drama improved my logical thinking skill. 3.98 79.6 715
10 (PCD2) Drama improved my ability of tangible thinking. 3.98 79.6 563
12 (PCD3) Drama improved my ability of abstract thinking. 3.76 75.2 .850
13 (PCD4) Drama helped me solve problems and devise new approaches.  3.79 75.8 .898
4 (DTE1) | wantto use drama in other classes, as well. 3.93 78.6 .997
16 (DTE2) Drama is a more modern method compared to traditional 4.10 82 726
instruction.
17 (DTE3)  Teaching through drama should be more widespread. 4.07 814 .867
18 (DTE4) | prefer traditional instruction to learning through drama. 3.86 77.2 .952
Total 395 78.9 11.972

Note. “Drama in Physics Lesson (FD)”, “Drama in Electrostatics (ESD)”, “Drama and Problem Solving,

Abstract-Concrete Thinking Skills (PCD)”, and “Choosing Drama (DTE)”.

In Table 12 where each item and corresponding values are presented, the data were

entered in a way that negative items were coded reversely. When Table 12 is examined,

84.8% of the students thought the drama method eliminated the dull nature of physics lesson

while 82% regarded drama method as more modern compared to traditional instruction.

Similarly, 81.4% of the participants responded that it is a suitable method for physics lessons,

and electrostatics with the help of drama is so fun that it should be made more common.

Finally, 81% thought that the drama method simplifies physics subjects.

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



112 Is drama a magic wand or a waste of time?

In addition, when Table 12 is examined, the lowest attitude score of 73.4% is related to
the issue of whether drama helps prepare for physics exams. In general, it is evident that each

item has a score above 70%, which indicates positive attitudes.

Findings Concerning Sixth Research Question

The data regarding the results of a Pearson Correlation test run to determine if there was
a correlation between ECT post-test scores and DMAS post-test scores of the experimental

group are presented in Table 13.

Table 13 Experimental Group Post-test DMAS Scores Pearson Correlation Test

Drama Percentage Pre-test Score
Drama Percentage Pearson Correlation 1 718"
Sig. (2-tailed) - .000
N 42 42

In accordance with the values in Table 13, there was a significant correlation between
ECT and DMAS post-test scores of the experimental group participants. Therefore, it was
indicated that students with high attitude scores towards drama method had high concept test

levels related to the topic.

Conclusions, Discussion and Suggestions

In the research in which pre-test post-test control group quasi-experimental research
model was used, the way drama-assisted instruction as a supplement to traditional setting
affected achievement in electrostatics concepts and attitudes towards the drama method was
investigated. Both groups were compared to determine if there was a significant difference
between their pre-test scores of ECT, and it was revealed that there was no significant
difference between the two groups. However, both groups’ pre-test scores were quite close in
terms of mean scores. On a related note, for the experimental group, a drama-assisted
instruction was employed whereas the control group merely followed a traditional instruction.
Following the instruction, both groups were compared in terms of their scores based on ECT

administered as a post-test, and some conclusions were reached as discussed below:

The experimental group was examined in terms of significant differences regarding the
comparison of their ECT pre-test and post-test scores. According to findings of the t-test,
there was a significant difference between the pre-test and post-test scores of the experimental

group. Therefore, it can be deduced that drama-assisted instruction raises student concept test
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levels in teaching electrostatics. This result is aligned with the findings reached in the
majority of drama related studies in the literature. For instance, Sagirli and Giirdal (2002)
detected a difference between pre-test and post-test scores in their research in which
electrostatics subject was taught through drama. Similarly, Baskan (2006) emphasized the
difference between test scores (Bagkan, 2006; Sagirli & Giirdal, 2002).

A comparison of ECT pre-test and post-test scores of the control group was made to
determine if there was a significant difference. The findings based on the t-test suggested a
significant difference between pre-test and post-test scores of the group [t40=-9.334, p>0.05].
In accordance with this result, it can be concluded that traditional instruction, similar to the
drama-assisted, helps increase the student conceptual understanding levels in the sense of
electrostatics. Although teaching methods that harbour active learning techniques have a
bigger impact on student concept test levels, it can be thought that traditional instruction

methods also affect concept test levels to a considerable extent.

Even though success rates were observed to have increased in both experimental and
control groups, ECT post-test scores of the groups were compared and interpreted to decide
which group was more successful. Accordingly, when ECT post-test scores of both groups
were examined, the comparison revealed that students in the experimental group had higher
mean scores than the ones in the control group, thus generating a significant difference
[t81=5.972, p<0.05]. It was revealed that in teaching electrostatics, drama-assisted instruction
was more effective in terms of student conceptual understanding levels compared to
traditional instruction. Even though the literature did not provide similar research that focused
on teaching electrostatics through drama instruction, results of studies including teaching both
electricity and other physics subjects indicated that the use of drama increases student
achievement levels significantly. For instance, in their research on teaching electricity units to
secondary school students through drama, Sagirli and Giirdal (2002) observed that drama
instruction raised student achievement. Moreover, studies that focused on the effect of drama
instruction on university level students generated similar findings. Ozdemir and Ustiindag
(2007) explored in their research conducted on scientists at the university level that drama
instruction escalated student achievement levels. In addition, Sahin and Yagbasan (2011)

revealed that the use of drama instruction increased student success in physics lab lessons.

Furthermore, whether the experimental group students had positive or negative attitudes
towards the drama method were investigated, and DMAS administered following the

instruction revealed a percentage of 78.9 in total mean scores. 84.8% of students who received
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a drama-assisted instruction stated that the drama method eliminates boring elements in
physics class. In addition, 82% thought drama method is more modern than traditional
methods whereas 81.4% regarded drama as a suitable tool for physics, suggesting it is so
enjoyable that it must be more widespread. Finally, 81% of the participants stated that drama
method simplifies physics subjects. As a final note, the research investigated if there was a
significant correlation between ECT post-test scores and DMAS scores of the experimental
group. Related to this, results indicated that experimental group’s ECT and DMAS scores
were significantly correlated. Additionally, students with the higher scores for attitudes
towards drama method were also more successful with regards to the topic. Among the
research in university level, it was pinpointed that students’ attitudes towards the drama was
generally positive. Tagkin and Mogol (2016a) collected student responses related to drama
before and after the instruction, and it was reported that students’ attitudes towards drama-
oriented instruction improved a great deal after the instruction. Majority of students that
participated in the studies stated that drama method can be used in physics lessons and that
they would want to use it in their future professional lives. Furthermore, they responded that
the most crucial benefit of drama method is that it simplifies the process of establishing a
connection between physics subjects and daily life. Oguz and Altun (2013) obtained similar
results in their research focusing on university students, and they revealed that students’

attitudes towards drama increased, and drama reduced students’ shyness levels.

Regarding all the studies on the field, it was indicated that drama increased student
achievement levels and it was favored by majority of students on all levels ranging from
primary school to university (Bertiz, 2005). However, it should be taken into consideration
that drama might have problematic dimensions. As an example, in the study conducted by
Arieli (2007), it was stated that drama instruction activities required more time compared to
traditional teaching. Additionally, Tiirkkusu (2008) asserted that drama is not suitable for all
science subjects, requiring careful consideration for choosing subjects, and drama should not
be used as the only instructional tool. Moreover, Taskin and Mogol (2016a) proclaimed in
their study that students might face difficulties with preparing a lesson plan and managing the
classroom. In the light of all the insight, it is assumed that drama use should be employed in
teaching appropriate subjects if not all, and it is important to make it more widespread in
control of the proficient teachers that can efficiently use it. Furthermore, to prevent time
constraints in lessons, drama activities pre-designed by scholars in the field should be used
and their availability levels for teachers should be increased. Therefore, more drama activities

related to physics and science subjects should be designed and added to the literature. Such a
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favored method with which active involvement of students can be encouraged should be
promoted for a more frequent use to eliminate the tedious atmosphere of traditional teaching

environments.

As the last word, drama is not a magic wand like Harry Potter’s wand by itself, but it is
a more successful method than traditional methods. Because the majority of students have
positive attitudes toward this method. The biggest problem with this method is the shortage of
time. However, this problem can be overcome by pre-prepared activities, the professionalism
of the teacher, and the use of the drama method in appropriate subjects. It can be used in the

teaching process from primary school to university.
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Drama Sihirli Bir Degnek mi Yoksa Zaman Kayb1 m?

Ozet:

Aktif 6grenme yontemlerinin kullanildigi derslere katilan 6grencilerin geleneksel 6gretim y6ntemlerinin
kullanmildig1 derslere katilan Ogrencilere gore konulara daha fazla ilgi gosterdigini ortaya koyan birgok
aragtirma yapilmistir. Bu arastirmada, drama destekli 6gretim etkinliklerinin tiniversite d6grencilerinin Fizik-2
dersindeki Elektrostatik kavramlarina iligkin basarilarina etkisini belirlemeyi amaglanmistir. Bu amagla
geleneksel 0gretime ek olarak drama yontemiyle desteklenmis 6gretim gergeklestirilmistir. Kontrol gruplu
yar1 deneysel arastirma deseninde yiiriitiilen ¢aligmanin katilimcilarini Tiirkiye'nin batisindaki bir Egitim
Fakdiiltesinde 6grenim goren 83 ikinci siif 6grencisi olusturmustur. Veri toplama araglari olarak Elektrostatik
Kavram Testi (EKT) ve Drama Yéntemi Tutum Olgegi kullanilmigtir. Arastirma sonucunda drama destekli
ogretimle desteklenmis deney grubunun kavram testine iligskin puanlari kontrol grubuna gore anlamli diizeyde
yiiksek bulunmusgtur. Ayrica drama yontemi ile desteklenmis 6gretim yapilan deney grubunun drama tutum
puan ortalamasinin %78.9 olumlu oldugu bulunmustur. Arastirma sonuclarina gére drama tek basina Harry
Potter'in asas1 gibi sihirli bir degnek olmasa da geleneksel yontemlere gére daha basarili bir yontem oldugu
gOrilmiistiir.

Anahtar kelimeler: Kavramsal anlama, drama destekli 8gretim, drama tutumu, elektrostatik, iiniversite 6grencileri
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and teachers exhibited misconceptions and a lack of knowledge regarding statistics and probability. Because of

the teaching practices that were fulfilled, students' performance increased significantly.
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Introduction
In today's world, rapid changes in information have paved the way for new needs to
emerge. It is imperative that research be conducted to train the manpower necessary to meet

these needs (Kayhan & Ozgiin-Koca, 2004). Therefore, questioning educational research is

* This study was created from the master thesis by the first author under the supervision of the second author
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crucial (Ozkaral & Mentis-Tas, 2017). As an example of these research areas, math education
Is one that we use every day in all aspects of our lives, and whose importance is becoming
increasingly apparent as time goes on. Various fields (such as industry, art, and technology)
have evolved through mathematics, and mathematics plays a vital role in making sense of life
(Hardy, 2004) because in this changing world, individuals who are competent in mathematics,
will have more opportunities in the future (National Council of Teachers of Mathematics
[NCTM], 2000). Mathematics education has incorporated all this awareness into the
curriculum, and students are learning the knowledge and skills they need. Probability and
statistics are two areas of knowledge and skills that should be acquired by students (NCTM,
2000). Despite the ease of accessing information, it has become more difficult to accurately
describe and interpret information, and reading and interpreting data has become even more
important (Shaughnessy, 2007). Both statistics and probability are based on randomness and
deal with events that cannot be predicted with certainty in daily life (Ader, 2018), which
explains the connection between them. In today's data-rich world, individuals must be able to
evaluate concepts and results related to statistics and probability to correctly interpret
situations and make accurate decisions (Bargagliotti et al., 2020; Franklin et al., 2005; 2007;
Gal, 2002; Garfield & Ben-Zvi, 2008; NCTM, 2000; Watson, 2006; Wild et al., 2018).
Statistics and probability knowledge and skills are required to acquire this evaluation skill
during the educational process (Watson, 2006). It is therefore necessary to emphasize
statistics and probability education at all levels of education (Garfield & Ben-Zvi, 2008;
NCTM, 2000).

Turkey has prioritized the acquisition of knowledge and skills in the learning area of
statistics and probability with increasing importance since 1926. As part of the 2005
curriculum, greater emphasis was given to this learning area to achieve objectives similar to
those in other countries' curricula (Ader, 2016; 2018). Aside from all these changes, it has
also become a matter of interest what work has been done in this field. Consequently,
graduate studies, which serve an important purpose in this regard, must be examined because
the field of graduate studies contains information researched by researchers and educators
(Jin, 2004). Thus, the examination of theses/dissertations is of importance in this context.
Furthermore, graduate studies play an important role in constructing the country's education
system (Seving, 2001).

There are some studies that examine the trend of studies focusing on probability and

statistics aiming to reveal trends in general statistics and probability research (e.g., Bakker et
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al., 2018; Kayaly, 2013; Tishkovskaya & Lancaster, 2010; Zamora Araya et al., 2021). A
number of studies have examined how students perform in the field of statistics and
probability (Aziz & Rosli, 2021; Judi & Sahari, 2013; Sotos et al., 2007). Several studies
(e.g., Zieffler et al., 2008) have attempted to reveal trends in studies on how statistics is taught
and learned at universities. Becker (1996) revealed that less than 30% of the literature
reviewed is constituted by experimental studies, contrary to Garfield and Ahlgren (1988) who
stated there are limited studies that help students understand statistics and probability.
Inference is a concept that students have profound and common misconceptions about, as
shown by Sotos et al. (2007). Probability studies go beyond statistical studies, according to
Garfield and Ben-Zvi (2007). Furthermore, the studies conducted with primary and secondary
school students mainly covered concepts related to data, distribution, centre, variability, and
probability. According to Zieffler et al. (2008), university students displayed inconsistencies
in reasoning about sampling distributions, measures of central tendency, and dispersion.
Studies exploring the development of students' statistical reasoning are more common than
studies focusing on other statistical concepts, according to van der Merwe and Wilkinson
(2011). Among the studies examined, only 15% focused on information and communication
technologies. The fact that there have been very few studies that examine noncognitive factors
and course design is also remarkable. According to Zieffler et al. (2011), variability is the
most frequently used keyword. The Statistics Education Research Journal also published
research studies on teachers and textbooks, although students are the most frequently studied
participants. As listed by Judi and Sahari (2013), computer-assisted cooperative learning,
problem-based learning, and active learning are the methods used in student-centered
statistics education. Furthermore, the experimental method was the most commonly used,
followed by the guestionnaire and case study. According to Aziz and Rosli (2021), who
analyzed 36 articles examining statistical literacy skills among students, four dominant factors
influence statistical literacy development. They listed these factors as learning environment,
students’ attitudes, teaching method, and students’ knowledge. Zamora Araya et al. (2021), on
the other hand, bibliometrically analyzed the studies on teaching statistics indexed in the
Scopus and Ebsco database between 2010 and 2019. The data were analyzed in five main
categories: statistical sense, use of technology, attitude towards statistics, teacher knowledge,
and active learning. The results showed that there is a need to improve statistical literacy,
reasoning, and thinking in the classroom through activities using technology, active learning,

and the teacher’s statistical knowledge. In addition, attention was drawn to the importance of
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discipline and pedagogical insight in helping students develop positive attitudes towards
statistics.

According to the studies examining the trend in mathematics education research in our
country, statistics and probability are the least studied subject areas (Ciltas et al., 2012;
Incikabi et al., 2017; Ulutas & Ubuz, 2008; Yiicedag & Erdogan, 2011). The number of
studies analyzing the trends in the area of statistics and probability (Ding, 2021; Tosun &
Ozen-Unal, 2019) is quite limited. The word "graph” was used most frequently in statistics
and probability articles and theses, according to Tosun and Unal (2019). Studies with
experimental designs were more prevalent than those with qualitative methods. Most of the
studies were conducted with 50-100 participants and most of the data were collected using
achievement tests, knowledge tests, and development tests. Studies focused primarily on the
effectiveness of teaching methods and analyzed the obtained data with quantitative methods.
In addition, middle school students have the most difficulty with line graphs. From 2005 to
2020, Ding (2021) examined master's theses and doctoral dissertations carried out with middle
school students in Turkey in the learning area of statistics and probability. According to the
results obtained, Middle East Technical University produced most of the theses/dissertations.
Additionally, more theses/dissertations were prepared in 2019 than in previous years.
Additionally, the number of 8th graders participating in the probability theses/dissertations
was more and the number of participants was concentrated between 31 and 100. As a result,
data collection methods such as scales were used extensively, and quantitative methods were
preferred. Another remarkable finding was the large number of achievement measurement

studies conducted.

The worldwide importance of statistics and probability has increased considerably due
to the widespread use of quantitative information in all fields (Wild et al., 2018). Being able
to read this information accurately, present reliable and convincing evidence-based arguments
and critically evaluate data-based inferences are important skills that all citizens of the 21
century must possess (Leavy et al, 2018). This situation has made the teaching of statistics
and probability even more important in the teaching process (Bargagliotti et al., 2020;
Franklin et al., 2005; 2007; Gal, 2002; Watson, 2006). Parallel to this importance, it has been
observed that the research on the related subject area has significantly increased (Zieffler et
al., 2011). It can be said that postgraduate studies are of great importance at this point because
postgraduate studies contain information researched by researchers and educators working in

this field (Jin, 2004). In this sense, it can be said that the examination of theses is important
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because postgraduate theses have a very important task in terms of revealing the
developments in the field and showing the direction of future research. Moreover, graduate
studies are factors decisive in shaping the education system of the country (Seving,2001;
Tarman et al., 2010). All these show the necessity of analyzing the studies to determine how
the importance of probability and statistics has increased in Turkey as in the world and what
kind of trends are adopted in these studies. The purpose of this paper is to present an overview
of the studies done in our country on statistics and probability education. This study, in an
attempt to contribute to the literature, examines theses/dissertations created in the learning
area of statistics and probability holistically, handles them in different dimensions, and
evaluates them to reveal their current status in our country. Educators, teachers, and
researchers who work in this field may find useful clues by revealing the trend of
theses/dissertations conducted during the process. In addition to guiding future studies and
practices, it can also influence future research policies (Ulutas & Ubuz, 2008; Sevencan,
2019; Suri & Clarke, 2009). This study is especially important given the very limited number
of studies showing trends in the teaching and learning of statistics and probability in our
country (e.g., Ding, 2021; Tosun & Ozen-Unal, 2019). This study may also have a potential
effect on increasing awareness about statistics and probability as a learning area and
contribute to the field. This study can also support researchers specializing in the subject by
providing a perspective to those who will do research on this subject, determining which areas
need to be further researched and guiding the applications to be made. Thus, researchers can
contribute to the literature by choosing an original research topic and concentrating on the
points that need to be studied (Rhoades, 2011). Furthermore, curriculum experts can revise
curricula based on the results. This study aimed to examine trends displayed in master's theses
and doctoral dissertations in the learning areas of statistics and probability and seek answers

to the following questions:
What is the distribution of the,

types (master’s or doctoral) of the theses/dissertations?
years of publication of the theses/dissertations?
universities where the theses/dissertations created?
genders of the authors of the theses/dissertations?
languages used in the theses/dissertations?

subjects of the theses/dissertations?

N o a s~ wDd e

keywords used in the theses/dissertations?
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8.
9.

10.
11.
12.
13.
14.
15.

Methodology

purposes of the theses/dissertations?

research methods used in the theses/dissertations?
participants/samples of the theses/dissertations?
sample sizes of the theses/dissertations?

data collection tools used in the theses/dissertations?
data analysis methods of the theses/dissertations?
teaching practices used in the theses/dissertations?

results obtained in the theses/dissertations?

Research Design

A qualitative research method was used in the current study to examine the master's

theses and doctoral dissertations in the field of statistics and probability in detail and to

understand the results. Document analysis was employed as one of the qualitative research

methods. Document analysis allows examining documents obtained in various ways for a

systematic purpose and interpreting the results obtained (Corbin & Strauss, 2008; Wach,

2013). The current study conducted a document search in consideration of the study's

purpose, analyzed the obtained documents in accordance with the established criteria, and

interpreted the results (Figure 1).

Determination of the purpose of
the study

Detection of the documents
serving the purpose of the study

Having access to the documents

Analysis of the documents
according to the established
criteria

Interpretation of the results

Figure 1 Research process
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Data Sources and Data Collection Tools

The purposive sampling method was employed while determining the data sources of
the study. This method allows the researcher to choose a rich source of data about the problem
focused on (Fraenkel & Wallen, 2006). In accordance with the research problem, criterion
sampling was used, which is one type of purposive sampling. Since the purpose of the current
study was to examine the theses/dissertations prepared in the learning area of statistics and
probability in Turkey, the theses/dissertations open to access in the National Thesis Centre
[NTC] were searched. The following are the criteria that guided the selection of

theses/dissertations:

e being written in the field of mathematics education,
e being related to the learning areas of statistics and/or probability,
¢ being completed in the period between 2000 and 2021,

e having open access.

In this context, it was determined that there were theses/dissertations in the NTC that
did not use these words as keywords, although they were written in the learning areas of
statistics and/or probability. Accordingly, the keywords were further customized and the

99 «¢

search was conducted by using the keywords such as “graphs”, “measures of central
tendency”, “measures of dispersion”, “variability”, “probabilistic thinking” related to these
learning areas. Our search resulted in 126 graduate theses/dissertations (108 master's theses,

and 18 doctoral dissertations) carried out between 2000 and 2021.

Through documents, which are an important source of data in qualitative research,
written materials that contain information about the phenomena being researched by the study
are analyzed (Yildirnm & Simsek, 2011). In the current study, since it was aimed to analyze
the theses/dissertations carried out in the learning area of statistics and probability, documents
were used and a thesis review form was created for the criteria to be examined (App-1). These
criteria included the name of the thesis/dissertation, the author and the advisor, the type of the
thesis/dissertation and the year of publication, the university where the study was conducted,
the language of the thesis/dissertation, the gender of the authors, the subject of the study, the
list of the keywords, the purpose of the theses/dissertations, the research method, the sample
(participants), the sample size, the measurement tools, the data analysis techniques, the results
of the theses/dissertations, and the teaching practices used in the theses/dissertations. As a
result, an Excel file was created for each thesis/dissertation after being analyzed according to

these criteria.
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Data Analysis

In order to analyze the data, the qualitative data analysis method was employed, and the
data were subjected to both content analysis and descriptive analysis (Yildirnim & Simsek,
2011). The first step was to create a file for each thesis/dissertation. As a result, each
thesis/dissertation was evaluated using the questions outlined in App-1. Identifiers were
assigned to each thesis/dissertation, such as T1, T2,... Descriptive analyses were performed on
thesis/dissertation type, year, keywords, subject, method, sample (participants), sample size,
measurement tools, and analysis techniques used. Codes were used to calculate the
frequencies and percentages within the categories previously created. The findings were
interpreted based on the tables and graphs created based on the data obtained. A content
analysis was conducted on the theses/dissertations to determine their purposes, results, and
teaching practices. Data from each research problem was analyzed to create codes. Similar
codes were then used to create themes. In light of these themes and codes, the results and

comments were presented.

Reliability and Validity of the Study

In order to establish the validity and reliability in qualitative research, credibility,
transferability, internal reliability or dependability, and confirmability criteria should be met
(Lincoln & Guba, 1985). For these criteria to be met, it was first explained why the purposive
sampling method had been selected. Furthermore, the criteria for selecting which studies to
include were explained. A detailed explanation of the research method, data collection tool,
data collection processes, and data analysis was provided. Moreover, after the thesis review
form was developed to analyze the theses/dissertations, it was sent to the expert reviewers for
their feedback, before being finalized. The process of determining categories in data analysis
is another crucial issue. Reliability is also ensured by this factor. The data were coded by both
researchers and their compatibility was examined. The compatibility between these
evaluations; that is, the reliability of the study, was calculated using the following formula
proposed by Miles and Huberman; Reliability = Agreement / (Agreement + Disagreement)
(Miles & Huberman, 1994). The current study was found to have an 85% reliability based on
this formula. It indicates that a study is reliable when it exceeds 70% (Miles & Huberman,

1994). Additionally, controversial issues were discussed until a consensus was reached.

Researcher Role
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Researchers who use a qualitative research approach play an important role from
beginning to end in their research. The role of the researchers is extremely important for the
healthy conduct of the whole process, starting with the determination of the research problem
to the collection, analysis, and interpretation of the data (Fraenkel & Wallen, 2006; Gall et al.,
2007). Researchers conducted the current study to be as objective as possible. By keeping
their assumptions and prejudices separate, the researchers kept the information objective.
They only included their own views during the interpretation stage after analyzing the
collected data. Controlled inquiries were conducted on the subject being studied during the
data collection stage. The collected data were checked again after they had been processed.
By digitizing the data with frequency and percentage values, the data were interpreted.

Furthermore, expert opinions contributed to objectivity.

Findings and Interpretation

This section provides information on the type of theses/dissertations analyzed, the year
of publication, the university where they were written, the gender of their authors, the
subjects, keywords used in the theses/dissertations, as well as their purposes, research
methods, participants (samples), sample sizes, data collection tools, data analysis methods,
teaching practices, and results. Figure 2 shows the distribution of theses by type of

thesis/dissertation.

Doctoral ;
18; 14%

Master's;
108; 86%

Figure 2 Distribution of the theses/dissertations by type

As seen from the distribution of 126 theses, 108 master's theses and 18 doctoral
dissertations were prepared. Most of these theses were master's theses, while 14% were
doctoral dissertations. Accordingly, master's theses account for the majority of
theses/dissertations prepared. Figure 3 shows the results of the examination of theses based on

their publication years.
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Figure 3 Distribution of theses/dissertations by year of publication

According to Figure 3, no theses/dissertations were prepared in this field between 2000
and 2002 based on the distribution of theses/dissertations across the years. Since the first
studies in this field began in 2003, there has been an increase until 2010. Even though the
number of theses/dissertations written in this field decreased in 2011, a significant increase
was observed until 2014. In contrast, a significant decrease was observed in 2015, and a
significant increase was noticed in the following years, especially in 2019. Despite the fact
that this field had theses/dissertations in 2020 and 2021, they were fewer than in 2019. 2019
was the year with the highest number of theses/dissertations written. Furthermore, Figure 4

shows the distribution of master's theses and doctoral dissertations over the years.
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Figure 4 Distribution of the theses/dissertations by year and type
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According to Figure 4, master's theses show fluctuations over time. Doctoral
dissertation fluctuation levels are lower than those of master's theses. A study of which

universities the theses/dissertations were written led to the creation of Figure 5.
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Figure 5 Distribution of the theses/dissertations by university

Middle East Technical University published the most theses/dissertations on statistics
and probability, with 18 theses/dissertations, followed by Marmara University with 10
theses/dissertations, and Gazi University with 9 theses/dissertations. A total of five theses
were published by seven universities, and four theses were written by five universities. Based
on the genders of the authors of the theses/dissertations, it was found that approximately six
out of ten theses/dissertations prepared in the learning area of probability and statistics were

written by females (Figure 6).
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Male
39%

Female
61%

Figure 6 Distribution of the theses/dissertations by gender

When the language used in the theses/dissertations was examined, it was revealed that
80% of the theses/dissertations were written in Turkish and 20% were written in English
(Figure 7).

English
20%

Turkish
80%

Figure 7 Distribution of the theses/dissertations by language

The distribution of the examined theses/dissertations according to their subjects is

shown in Figure 8.

Probability
and
Statistics;

23; 18%

Statistics;

68; 54%

Probability;
35; 28%

Figure 8 Distribution of the theses/dissertations by subject
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Based on Figure 8, approximately half (54%) of the theses/dissertations were written in
the field of statistics, followed by theses/dissertations on probability (28%). The
theses/dissertations written in both statistical and probability fields account for about one-fifth
(18%) of the theses/dissertations. Table 1 summarizes the keyword distribution in
theses/dissertations. There are three or fewer keywords that are less frequently used, and these
are listed in Table 1.

Table 1 Distribution of the Theses/Dissertations by Keyword

Keywords Frequency (n) Percentage (%)
Probability 28 6%
Teacher 18 4%
Attitude 18 4%
Statistics education 18 4%
Mathematics education 14 3%
Achievement 14 3%
Misconception 13 2.8%
Statistical literacy 11 2.4%
Mathematics teaching 10 2.2%
Graph 8 1.7%
Academic achievement 7 1.5%
Statistics 7 1.5%
Computer-assisted teaching 7 1.5%
Pre-service mathematics teachers 7 1.5%
Realistic mathematics education 6 1.3%
Primary school 5 1.1%
Probability and statistics 5 1.1%
Grade level 5 1.1%
Cooperative learning 5 1.1%
Constructivist learning 5 1.1%
Gender 4 0.9%
Tinkerplots 4 0.9%
Anxiety 4 0.9%
Middle school mathematics teachers 4 0.9%
Traditional teaching method 4 0.9%

Other 221 49.6%
According to an evaluation of the keywords used in the dissertations, the word

"probability™ was the most frequently used. Despite the fact that most of the
theses/dissertations were written in the field of statistics, it is noteworthy that the most

9% ¢

common keyword used in theses is “probability”, followed by “teacher”, “attitude”, “statistics

education”, “mathematics education” and “achievement”. A total of 49.6% of the keywords

were used three or fewer times.

Table 2 shows the distribution of the examined theses/dissertations by their purposes. In
some theses/dissertations, there was more than one purpose, so this was taken into account in
the coding process. Table 2 indicates that a significant number of theses/dissertations have

been written with the purpose of investigating “the effect of teaching practices prepared to
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make students gain knowledge and skills related to statistics and probability on the
development of different components”. Almost one-third of the theses/dissertations were
prepared for this purpose (37%). Approximately one-fourth of all theses (25%) examined
students' knowledge and misconceptions of statistics and probability. 16 percent of
theses/dissertations examined the knowledge of statistics and probability of teachers/pre-
service teachers. There were 6% of theses/dissertations that examined the relationships
between statistical and probability concepts and other variables (e.g., gender). A total of 4%
of the theses/dissertations were conducted to improve pre-service teachers' understanding of
statistical and probability concepts. 3 percent of theses/dissertations were devoted to
"developing a scale for measuring knowledge and skills related to statistics and probability
(e.g., statistical literacy)" or "modelling the relationships between concepts and situations
associated with statistics and probability (e.g., statistical anxiety)". Only 2% of all
theses/dissertations examined curriculum/textbook/theses and revealed teachers' and students'
views on statistics and probability-related situations (portfolio, dynamic geometry software).
One percent of the theses/dissertations aimed at revealing teachers'/pre-service teachers'
statistical awareness. According to the evaluation of the purposes of the theses/dissertations,
most of the theses/dissertations were aimed at making students gain knowledge and skills
related to statistics through teaching practice. There are then theses/dissertations designed to
explore teachers' and students' knowledge of statistics and probability, as well as their
misconceptions about them. Three out of every four theses/dissertations (79%) were
structured around these three purposes. In general, the dissertations' purposes can be
interpreted as consistent with the keywords. Among the components listed for the purpose of
"investigating the effects of teaching practices designed to teach students statistics and
probability on different components” are achievement and attitude. Accordingly, it is not
surprising that the keywords related to this situation such as attitude, achievement, and
academic achievement are used too often in theses/dissertations prepared for this purpose.
Students' knowledge/misconceptions about statistics and probability are examined in theses
aiming to examine students' knowledge/misconceptions. "Misconception" is used more often
than many other keywords to achieve this goal. A fifth of all theses/dissertations focus on
teachers or pre-service teachers, so it is not surprising that the word "teacher™ is used

excessively.
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Table 2 Distribution of the theses/dissertations by purpose

Purpose Thesis Identifier Frequency Percentage
Studies examining students’ T1, T5, T14, T17, T18, T24, 36 26%
knowledge/misconceptions about the T27,T29, T30, T33, T35, T36,

concepts of statistics and probability T40, T42, T46, T62, T63, T64,

T72,T73,T77, T80, T82, T92,

T101, T103, T104, T105,

T109, T113, T119, T120,

T121,T122,T123, T124
Studies examining the effects of teaching T2, T3, T4,T6,T9, T10, T11, 52 37%
practices prepared to make students gain T12,T15, T16, T20, T22, T23,
knowledge and skills related to the concepts T25, T26, T28, T32, T34, T38,

of statistics and probability on the T39, T41, T44, T45, T46, T48,
development of different components (e.g., T49, T52, T53, T54, T55, T58,
achievement, attitude) T60, T65, T66, T67, T71, T75,

T78, T79, T83, T85, T88, T91,

T96, T97, T98, T105, T106,

T107, 7110, T115, T120
Scale development studies on knowledge and T7, T19, T43, T59 4 3%
skills related to statistics and probability (e.g.,
statistical literacy)

Studies examining the relationships between T8, T21, T29, T42, T69, T74, 9 6%
different concepts of statistics and T80, T100, T104

probability, and different variables (e.g.,

gender)

Studies revealing teacher and student views  T13, T89, T110 3 2%

on statistics and probability-related situations
(portfolio, dynamic geometry software)

Studies revealing the knowledge of T31, T51, T56, T57, T59, T70, 22 16%

teachers/pre-service teachers about the T74,7T76, T81, T84, T86, T93,

concepts of statistics and probability T94, T95, T102, T111, T112,
T114,T116,T117,T118, T126

Studies aiming to improve teachers/pre- T31, T81, T90, T111, T1186, 6 4%

service teachers’ knowledge of the concepts T117
of statistics and probability

Studies revealing the statistical awareness of T68, T87 2 1%
teachers/pre-service teachers
Studies that model relationships between the T37, T47, T61, T99 4 3%

concepts/situations of statistics and
probability (e.g., statistical anxiety)
Studies examining curricula/textbooks/theses T50, T108, T125 3 2%

The research methods employed by the theses/dissertations prepared in the learning area

of statistics and probability were examined and are presented in Figure 9.
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Quantitative;
66; 52%

Qualitative;
35; 28%

Figure 9 Distribution of the theses/dissertations by research method

Approximately half (52%) of the theses/dissertations used the quantitative research
method. A qualitative research method was used in 28% of the dissertations. Twenty percent
of theses/dissertations used a mixed research method. Hence, quantitative research is more
commonly used to prepare dissertations. Figure 10 illustrates the distribution of quantitative

research methods in dissertations.

Causal Correlation;
comparison; 4; 6%
2; 3%

Survey;
12; 18%

Experimental
(pre-test-post-
test); 48; 73%

Figure 10 Distribution of the theses/dissertations by quantitative research method

According to Figure 10, the most commonly used quantitative method is the
experimental method (48-73%), followed by the survey method (12-18%). A correlation
method was used in four theses (4-6%), and a causal comparative method was used in two
theses (2-3%). There is a higher number of experimental studies in dissertations, which is
consistent with their objectives. It is not surprising that the majority of theses/dissertations
(37%) prefer the experimental method since four out of ten theses/dissertations (37%) are

about teaching practices designed to help students develop knowledge and skills in statistics
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and probability concepts. Figure 11 displays the distribution of qualitative research methods
used by the dissertations.

Phenomenology;
4;11%

Action
Research 4;
12%

Case Study;
27;77%

Figure 11 Distribution of the theses/dissertations by qualitative research method

Figure 11 shows that the majority of qualitative theses/dissertations used the case study
design (27-77%), followed by the phenomenological design (4-12%). Additionally, no thesis
employs grounded theory. Among the qualitative studies, the high number of case studies is
also expected. Upon reviewing the dissertation purposes, it was noted that many studies
examined both students and teachers/pre-service teachers (e.g., awareness, misconceptions) in
a variety of ways. The use of case studies in these theses/dissertations is not surprising, since
they allow a deeper look into the development and reveal the situation. Figure 12 shows the
distribution of the sample groups of the theses/dissertations analyzed.

Graduate; 7; 5% Primary school 1-4; 2; 2%
Teacher; 7; 5%

Undergraduate;
16; 12%

Associate's; 1;
1%

Secondary
school 9-12; 10;
7%

Middle school 5-
8; 92; 68%

Figure 12 Distribution of the theses/dissertations by sample group
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The theses/dissertations evaluated in this study are classified into groups such as
primary school (1-4), middle school (5-8), secondary school (9-12), associate's,
undergraduate, teacher, and graduate. According to Figure 12, the theses/dissertations
analyzed in the current study most commonly interviewed middle schoolers in the 51, 6%, 71,
and 8th grades (68%). As a result, the majority of the theses/dissertations prepared in the
learning area of statistics and probability were prepared by middle school students, followed
by undergraduate students (12%) and secondary school students (7%). Additionally, there are
very few studies conducted with associate's degree students (1%) and primary school students
(2%). A greater number of studies are conducted with teachers and graduate students than
with students in primary schools and with associate's degrees. It appears, however, that
studies using these sample groups are uncommon when viewed holistically. It is important to
note one point. Due to the introduction of the 4+4+4 system in the 2012-2013 school year, 5"-
grade students previously attending primary school started receiving education as middle
school students. This study examined 5™-grade students as middle schoolers. Figure 13 shows

the sample sizes of the theses/dissertations grouped in 100ths.
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40
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Figure 13 Distribution of the theses/dissertations by sample size

Based on the distribution of sample sizes used in dissertations, it was found that 77
theses/dissertations used a sample size ranging from O to 100 people (63%). The samples in
19 theses/dissertations consisted of 101-200 people (16%). There is no dissertation whose
sample size ranges from 701 to 800 people. It's not much of a surprise to see such a result.
According to the distribution of dissertation purposes, case studies and experimental studies
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tend to involve 0 to 100 participants. Figure 14 shows the distribution of the data collection

tools used in the dissertations.
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Figure 14 Distribution of the theses/dissertations by data collection tools

Figure 14 shows that theses/dissertations tend to use achievement tests to collect data
(93-49%), followed by interviews (40-21%). Data collection tools such as questionnaires
(11%), observations (9%), and documents (%8) are less popular. Data collection tools such as
attitude scales (1%) and worksheets (2%) are the least preferred. Accordingly, it is compatible
for achievement tests to be used more in data collection along with teaching practices being
the subject of more dissertations. Figure 15 shows the results of dissertations' data analysis

methods.

Both
quantitative and
qualitative 25;
20%

Qualitative;

25; 20% Qualitative;

76; 60%

Figure 15 Distribution of the theses/dissertations by data analysis method

A review of the data analysis methods used by the theses/dissertations revealed that
more than half (76-60%) were quantitative in nature. Among the theses/dissertations

reviewed, the proportions of those utilizing qualitative analysis methods and those employing
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both qualitative and quantitative analysis methods were the same (25-20%). According to this
study, the high use of quantitative methods as data analysis methods is consistent with the
data collection methods used in the theses/dissertations since achievement tests, which are
more likely to be analyzed with quantitative methods, are used more frequently. As a result of

classifying quantitative analysis methods within themselves, Figure 16 was created.
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Figure 16 Distribution of the theses/dissertations by quantitative data analysis method

Figure 16 shows that in the learning area of statistics and probability,
theses/dissertations using the quantitative analysis method tend to use descriptive quantitative
data analysis methods (e.g., mean, graph). There is a tendency to prefer descriptive analysis
methods over predictive techniques. Based on the classification of qualitative data analysis

methods within themselves, Figure 17 was created.

Descriptive
analysis
47%

Content
analysis; 8;
53%

Figure 17 Distribution of the theses/dissertations by qualitative data analysis method
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According to the findings in Figure 17, the percentages of the content analysis method
(8-53%) and descriptive analysis method (7-47%) used in the theses/dissertations as
qualitative data analysis methods are close to each other. Table 3 was created by analyzing the

teaching practices used in the dissertations.

Table 3 Teaching practices used in the dissertations

Teaching Practices Thesis Identifier Frequency Percentage
Technology-assisted T3, T4, T9, T16, T28, T45, 17 28%
T46, T49, T53, T55, T65, T78,
T83, T85, T96, T117, T120

Realistic mathematics teaching-based T52, 788, T97, T110 4 7%
Cooperation-based T11,T34,T38, T71 4 7%
Multiple intelligence-based T12, 726, T60 3 5%
Constructivist approach-based T15, T44 2 3%
Game-assisted T22, T115 2 3%
Metacognitive strategies-based T39, T116 2 3%
Problem solution-assisted T58, T91 2 3%
Professional development program T81, T111 2 3%
Drama-based T2 1 2%
Data driven (supported with the T6 1 2%
calculator)

Graf theory-based T10 1 2%
Portfolio-based T13 1 2%
Internet-assisted T20 1 2%
Interdisciplinary teaching-based T23 1 2%
Concrete models-based T25 1 2%
Realistic mathematics and constructivist T31 1 2%
approach-based

Game programming-based T32 1 2%
Creative drama-based T41 1 2%
Concept map and Vee diagram-assisted  T66 1 2%
Exam-based teaching-assisted T67 1 2%
Writing activities-based T75 1 2%
Information exchange technigue-based T79 1 2%
Problem posing-assisted T93 1 2%
Flipped learning-based T98 1 2%
Statistical problem solving-based T105 1 2%
Erroneous solution method-based T106 1 2%
Digital competence-based T107 1 2%
Game-assisted T115 1 2%
Project-based T48 1 2%

In examining the teaching practices used in the dissertations, it was found that more
than a quarter used "technology-assisted teaching practices™ (17-28%). This is followed by

"realistic mathematics education-based teaching practices" and "cooperation-based teaching
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practices™ (4-7%). There were three theses/dissertations using "multiple intelligence-based
teaching practices" out of all the dissertations. Even though many other teaching practices

were used in the dissertations, their percentage was quite low (see Table 3).

Analyzing the dissertation results led to the creation of Table 4. It was observed that
many different results emerged from the theses/dissertations when they were evaluated.
According to 25% of the dissertations, the teaching practice carried out led to significant
improvements in student achievement. It is followed by the finding that both pre-service
teachers/teachers and students have difficulties/misconceptions regarding statistics and
probability concepts. Furthermore, studies examining the effects of teaching practices on the
development of different components (e.g., achievement, attitude) have generally found
positive results. Students were more likely to be involved in scale development and
correlation studies than teachers. According to the results, some variables (e.g., probabilistic
reasoning-mathematical reasoning) were significantly related, while some variables (e.g.,
knowledge level-learning styles) were not significantly related. According to an evaluation of
theses based on scale development studies, theses/dissertations were conducted to develop
scales for attitudes toward statistics and literacy. Additionally, the professional development
programs designed for mathematics teachers/pre-service teachers provided support in
numerous areas. It was determined in studies examining textbooks that they were insufficient
in a variety of ways. According to the results of the study, master's theses were more
numerous than doctoral dissertations, and most of theses were conducted with the
participation of 8"-graders in the learning area of probability of occurrence. The quantitative
research model and quasi-experimental design were both extensively used, and achievement
and attitude scales were preferred. The main objective of the theses was to reveal the
effectiveness of a particular method. The most important feature measured in the theses was

achievement.
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Table 4 Distribution of the theses/dissertations by finding

Results Thesis Identifier Frequency Percentage
Studies on  Students have difficulties / misconceptions / lack of knowledge about the concepts of statistics and T1,T14,T18, T24, T27, T30, 29 16%
students  probability. T35, T40, T42, T50, T62, T63,

T64,T72,T73,T77, T82, T83,
T92, T101, T10, T104, T109,
T113, T119, T121, T122, T123,

T124
Students are more successful in describing the data than in other thinking processes. T17 1 0.5%
The use of portfolio studies in statistics and probability teaching supports the teaching process. T13 1 0.5%
The teaching caused a significant increase in students’ achievement T3, T4,T9,T10, T11, T12, T15, 46 25%
practice carried out T2, T22,T23, T26, T28, T31,

T32, T33, T34, T38, T39, T41,
T44, T45, T46, T48, T49, T52,
T53, T54, T58, T60, T65, T66,
T67, T75, T78, T85, T88, T90,
T96, T98, T105, T106, T107,
T110, T115, T117, T120

caused a significant increase in students’ permanent learning T2,T11,T23,T28, T34, T39, 10 5%
T52, T58, T 88, T97
caused a significant increase in students’ attitudes T3, T10, T25, T39, T52, T65, 8 4.4%
T67, T75
caused a significant increase in students’ motivation T22, T344, T88 3 2%
caused a significant increase in students’ intuitional thinking T28, T54 2 1.5%
caused a significant increase in students’ metacognitive skills T39, T75, T91, T110 4 2.2%
caused a significant increase in students’ perception of the usefulness T2 1 0.5%
of mathematics
caused a significant increase in students’ responsibility in T12 1 0.5%
mathematics lessons
did not cause a significant increase in students’ achievement T2,T6,T16,T58, T71,T79, T97 7 4%
did not cause a significant increase in students’ permanent learning T25, T67, T79 3 2%
did not cause a significant increase in students’ attitudes T2,T6, T41,T49, T53, T66, T71, 8 4.4%
T85
Within the context other variables (e.g., gender, family, education level, school type, have an effect T5, T12, T80, T104 4 2.2%
of the teaching peer collaboration) on achievement
practice carried out
do nothavean T3, T5, T8, T12, T15, T45, T80, 8 4.4%
effect on T104

achievement.
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Correlation  There is no correlation between students’ knowledge about the concepts of statistics and

studies probability and their learning styles.
There is a moderate and positive correlation between the mathematical reasoning skills and
probabilistic reasoning skills of most students.
There is a positive and significant correlation between students’ statistical literacy and
attitudes towards statistics.
There is a positive and significant correlation between students’ self-efficacy perceptions
and general test achievement scores and between their attitudes towards mathematics and
their achievement.
There is a positive and significant correlation between students’ attitudes towards
mathematics lessons and attitudes towards statistics lessons. There is no significant
correlation between students’ anxiety about and achievement motivation effort towards
mathematics lessons and their attitudes towards statistics lessons.
Students’ anxieties about statistics lessons prevent them from learning. Factors such as
anxiety-hatred, benefit-importance, and love-interest have a statistically significant effect on
attitudes towards statistics; attitudes towards statistics and benefit-importance and love-
interest are positively correlated while anxiety-hatred is negatively correlated with attitudes
towards statistics. While there is a correlation between attitudes towards statistics and self-
esteem, there is no correlation between attitudes towards statistics and problem solving and
state anxiety.
Statistics course achievement is significantly correlated with the variables of GPA,
University Entrance Exam score and duration of education.
There is a significant correlation between the ability to draw and understand graphs and
interpret graphs.

T54

T36

T42

T80

T47

T100

T99

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

Scale Mathematical language skills of students in statistics consisted of three interrelated sub-
development factors: symbolic language, verbal language and visual language. In addition, mathematical
studies reading comprehension has a high effect on mathematical language, while the effect of
mathematical writing skill on mathematical language is not significant. Concept knowledge
has a high effect on mathematical writing and reading comprehension skills.
The scale of attitude towards statistics consists of three factors: fear and trust, occupation
and importance and love, pleasure and interest.
Statistical literacy scale consists of the sub-headings of randomness, dependent and
independent events, probability of occurrence of events, estimation, expectation, measures
of frequency, central tendency and dispersion, normal distribution, hypothesis testing,
estimation intervals and correlation.

T61

T7

T19, T43

0.5%

0.5%

1.5%

Studies Mathematics teachers/pre-service teachers have difficulties/misconceptions/lack of knowledge regarding
carried out the concepts of statistics and probability.
on teachers

/ pre-
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T29, T51, T56, T57, T59, T68;
T70, T74,T76, T84, T86, T93,
T94, T95,T102, T112, T114,
T118, T126

19

10.9%



144

service
teachers

An Investigation of Theses and Dissertations About the Statistics and Probability Learning Area in Turkey

When the probability approaches (experimental, theoretical, subjective) used by the Mathematics Teachers T21
were examined, the success levels of those using the theoretical approach were found to be higher.

Mathematics teachers/pre-service teachers have a high ability to notice some points in the teaching of T87
statistics, but they are insufficient to notice some other points.

Mathematics teacher/pre-service teachers have various difficulties in using dynamic statistics software in ~ T89
teaching statistics.

The self-efficacy beliefs of the mathematics teachers/pre-service teachers towards the course of statistics ~ T29
were at a high level and their attitudes towards the course of statistics were at a moderate level.

Pre-service mathematics teachers’ statistical self-efficacy beliefs are low and moderate. T74

0.5%

0.5%

0.5%

0.5%

0.5%

Correlation  There is no significant correlation between pre-service mathematics teachers’ self-efficacy T74
studies beliefs and achievement.
While there is a positive and significant correlation between mathematics teachers/pre- T29
service teachers’ statistical concepts achievement test achievement and self-efficacy beliefs
about and attitudes towards the course of statistics, there is no significant correlation with
gender.
There is a significant correlation between pre-service teachers’ statistical literacy scores and T69
attitudes towards statistics.

0.5%

0.5%

0.5%

Scale The total effect values of pre-service teachers’ emotions, values, cognitive competences and T37
development interests on their statistical gains are high and statistically significant. The total effect values
studies of the mathematics achievement and effort variables on statistical gains are small but
statistically significant. On the other hand, students’ attitudes towards the difficulty of
statistics do not have a total effect on explaining their statistical gains.

0.5%

The development programs prepared for mathematics teachers/pre-service teachers helped them eliminate T81, T111, T116
their deficiencies.

2%

Studies
examining
textbooks /
theses

The part of the textbook on data processing learning area was mostly found insufficient in the themes of ~ T108
learning process, mathematical skills and measurement and evaluation. When examined in terms of values
education, the textbook was found to be sufficient.

0.5%

It was concluded that the highest number of studies on statistics was carried out in Middle East Technical T125
University, that the number of theses published in 2019 was higher than other years, and that the number

of master’s theses was higher than the number of doctoral dissertations. The highest number of theses was
carried out with the participation of 8™ grade students in the sub-learning area of Probability of Occurrence

of Simple Events and the sample size was preferred in the range of 31-100. Researchers preferred scales

such as achievement and attitude more as data collection tools and they used the quantitative research

model and quasi-experimental design extensively. It was also concluded that the most measured feature in

the theses was achievement and the theses mainly aimed to reveal the effectiveness of a certain method.

0.5%
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Conclusion and Discussion

This study focused on master's theses and doctoral dissertations in statistics and
probability. The literature emphasizes the importance of examining theses/dissertations to
determine current trends and identify future research needs. Furthermore, research results can
guide policy-making institutions (Baki et al., 2011; Ciltas et al., 2012; Ulutas & Ubuz, 2008;
Yiicedag & Erdogan, 2011). According to the existing research, there should be more research
in the learning area of statistics and probability (Garfield & Ahlgren, 1988; Karakas, 2021;
Lubiensky & Bowen, 2000; Tereci, 2017). The current trends in statistics and probability can
be revealed by examining theses/dissertations prepared in the learning area of statistics and
probability.

The number of master's theses compared with the number of doctoral dissertations is
higher when the distribution of theses/dissertations is broken down by type; 86% of these
theses/dissertations are master's theses, while 14% are doctoral dissertations. In other words,
the number of master's theses is about six times that of doctoral dissertations. There were
similar results in studies that examined trends in dissertations, albeit in different fields
(Albayrak, 2017; Atasever, 2019; Kutluca et al., 2016; Yiicedag & Erdogan, 2011). This
result can be attributed to several factors. Firstly, we have more master's programs than
doctoral programs in our country. As a result, master's theses are expected to exceed doctoral
dissertations in number. Due to the higher number of faculty members required for the
opening of a doctoral program, the number of doctoral dissertations may have been lower than
desired. The low number of doctoral dissertations may also be due to the low number of
students admitted to doctoral programs compared to master's programs. Furthermore, some
theses/dissertations could not be reached due to restricted access, so the most recent

information on master's theses and doctoral dissertations may not be available.

Over the years, there are ups and downs in the number of dissertations, as evidenced by
the distribution of dissertations. There was a remarkable increase in the number of theses in
2010, 2014 and 2019. A significant increase can be noted between 2003 and 2010. It is not
surprising to see this increase. A special emphasis was placed on statistics and probability in
2005, when the constructivist approach was introduced (Ministry of National Education
[MoNE], 2005). Accordingly, it is likely to be a topic of significant research in this context.
However, decreases were observed in 2011, 2015, 2017 and 2020. According to the results

obtained in multiple years (2007, 2011, 2019), particularly in international exams (e.g.,
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TIMSS), students’ scores in the learning area of data and probability were moderate (MoNE,
2020; Yildinim et al., 2016). It is evident from these results that this area needs more research.

Moreover, the number of theses/dissertations written in the learning area of statistics
and probability is higher in 2019 than in previous years. It is possible that the curriculum
updated in 2018 contributed to the change and increase. There were no theses/dissertations in
the learning area of statistics and probability in the early 2000s. Despite the paradigm shifts in
the curriculum since 2005, the number of these theses/dissertations has not increased
consistently. It was noted that master's theses fluctuated more than doctoral dissertations over
time when examining how they changed over time. A correlation was found between the
fluctuation in the number of master's theses and the general trend in the number of

dissertations.

Upon examining the distribution of theses/dissertations across the universities, it was
found that many universities have theses published in this area. As compared to other
universities, Middle East Technical University published the most theses/dissertations with 18
theses/dissertations. There are 10 theses/dissertations at Marmara University and 9 at Gazi
University. The fact that these universities have produced more theses/dissertations can be
attributed to the fact that the mathematics education department was established earlier.
Additionally, these universities may have completed more theses/dissertations due to the
higher number of researchers doing graduate studies there. These finding is in line with the
findings obtained from studies examining trends in graduate studies in different fields
(Albayrak, 2017; Atasever, 2019; Kutluca et al., 2016; Tabuk et al., 2018; Tereci, 2017
Yiicedag & Erdogan, 2011). Similar results were obtained by Ding (2021) in the learning area
of statistics and probability through theses/dissertations conducted with secondary school
students. Researchers have found that the theses prepared at Atatiirk University are more in
number than those in other universities (Dogan, 2018; inceoglu, 2009; Ozey, 2019).
Compared with these studies in the literature, it is different in this regard. It is also noteworthy
that state universities produce the majority of theses. Only two foundation universities have
studied this field and three theses/dissertations have been completed (two in Yeditepe

University and one in Zirve University).

The number of female authors of the theses/dissertations is higher than the number of
male authors when the genders of the authors are examined. Female researchers completed
61% of dissertations, while male researchers completed 39%. In this regard, it can be said that

female researchers are more inclined to pursue graduate studies. According to the results
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obtained, the number of women continuing their education is increasing. This is also
consistent with the analyses made by the General Directorate of the Status of Women.
According to the report, women's participation in higher education has increased significantly
(Kadin ve Egitim, 2008). Other studies have reported similar results (Atasever, 2019).
Additionally, some studies found that there was no difference in authorship rates between
males and females in doctoral dissertations (e.g., Tereci, 2017), while in others, male authors

were more common (Yiicedag & Erdogan, 2011).

It was found that four out of five theses/dissertations were published in Turkish. This
result is expected since Turkish is the language of instruction in most of the universities.
Similar results were found in studies examining the publication languages of
theses/dissertations (Atasever, 2019; Ciltas et al., 2012; Tabuk et al., 2018; Tereci, 2017;
Ulutas & Ubuz, 2008; Yiicedag & Erdogan, 2011).

Three main headings were used to analyze the distribution of subjects in the
dissertations. These headings are statistics, probability, and statistics and probability. A
majority of theses/dissertations (54%) dealt with statistics. Probability, on the other hand,
accounted for 28% of the dissertations. About one in five theses/dissertations is devoted to
statistics and probability (18%). There are several reasons why more studies are being
conducted in the field of statistics. The first is that statistics are more intensely taught at
primary, middle, and high school levels. Primary school curriculum do not include any
probability objectives, but middle school curriculum includes at the 8™ grade level.
Researchers may have focused more on statistical knowledge and skills as a result of these
findings. According to Ding (2021), there are more theses/dissertations on probability
conducted with secondary school students in Turkey than on statistics. It was revealed that
studies on probability were more common than those on statistics in the study of Garfield and
Ben-Zvi (2007). Thus, the results of the current study contradict with these results reported in

the literature.

Based on the distribution of keywords used in theses, it was found that "probability"
appeared most frequently (n=28). There were 18 uses of the words "teacher”, "attitude™, and
"statistics education™. "Mathematics education™ and "achievement” were both used 14 times.
There was a wide range of keywords following them. While half of the theses/dissertations
deal with statistics, the word "probability"” is the most commonly used keyword. Because the
keywords reflect the theses/dissertations done, it is necessary that the content of the prepared

theses/dissertations is compatible with the keywords.
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The theses/dissertations prepared in the field of statistics and probability were examined
in terms of their purposes. Approximately one-third (37% of all dissertations) examined the
effect of teaching practices conducted on students' knowledge and skills about statistics and
probability on the development of different components. In their examination of articles and
theses/dissertations prepared in the learning area of statistics and probability, Tosun and Unal
(2019) also found that the studies were primarily focused on "testing the effectiveness of
teaching methods". According to Garfield and Ahlgren (1988), more research should be
conducted to support students’ ability to perceive statistics and probability concepts correctly.
This emphasis is reflected in the theses/dissertations conducted in the field when viewed from

this perspective.

In a review of the dissertations, it was found that one-fourth (25% of the dissertations)
examined students' knowledge or misconceptions about the concepts of statistics and
probability. The next largest group of theses/dissertations (16%) focused on examining
teachers' knowledge/misconceptions about statistics and probability. In total, 41% of
theses/dissertations examined student and teacher knowledge / misconceptions about the
concepts of statistics and probability. It is reasonable to say that four out of ten
theses/dissertations were developed with this goal in mind. The results of Garfield and Ben-
Zvi's (2007) study were similar. According to Zieffler et al. (2008), the theses/dissertations on
statistics and probability at the university level are shaped by similar purposes. A total of 4%
of the theses/dissertations were aimed at improving pre-service teachers' knowledge of
statistics and probability. Garfield and Ben-Zvi (2007) drew attention to the existence of
studies carried out for similar purposes in their study. While there are theses/dissertations
carried out for different purposes, it has been discovered that these are in the minority. Most
of the theses/dissertations were written with the purpose of making participants gain various
knowledge and skills related to statistics based on an educational practice. Following this are
theses/dissertations aiming to explore teachers'/pre-service teachers' knowledge and
misconceptions about probability and statistics. Over three-quarters of theses/dissertations

(78% of them) were structured around these three purposes.

A quantitative research method was used in half of the theses/dissertations examined in
the current study (52%). The qualitative method was used in about one out of four
theses/dissertations (28%). There was one mixed method dissertation out of every five.
Experimental methods were preferred by 73% of theses/dissertations employing the

guantitative method. Therefore, three out of every four quantitative theses/dissertations

NEF-EFMED Cilt 17, Say1 1, Haziran 2023/ NFE-EJMSE Vol. 17, No. 1, June 2023



Yaldiz, A., & Yilmaz, N. 149

preferred experimental methods. Following this is the survey method. Since one of every
three theses/dissertations examined the effects of teaching practices on different components,
this result is not surprising. It is possible to say that researchers prefer experimental studies
because they want to prove the effectiveness of the teaching method they are focusing on. A
point needs to be noted here, however. For experimental methods, traditional teaching
methods are applied to the control group, while targeted teaching methods are applied to the
experimental group. Because the constructivist approach has been adopted since 2005, it can
be assumed that the traditional method will present some difficulties in the control group.
Karadag (2009) emphasized this point, stating that comparing the effectiveness of traditional
and alternative methods in experimental studies would undermine the validity of the study.
According to Becker (1996), experimental studies make up less than 30% of the literature.
The results obtained in this study are inconsistent with what was found in the previous study
from this perspective. In their studies, Judi and Sahari (2013), Tosun and Unal (2019) and
Ding (2021) found similar results, revealing that quantitative methods were used mainly in the
studies that examined statistics and probability. They stated that experimental methods were
the most preferred quantitative methods in these experiments. In terms of consistency, these

results are in line with those obtained in the current study.

A majority of theses/dissertations that preferred the qualitative method used case studies
(77%), followed by action research (12%) and phenomenological research (11%). No
theses/dissertations employed grounded theory as a method. A possible explanation for the
widespread use of case studies in qualitative theses/dissertations is their attempt to investigate
smaller groups in greater detail. A number of studies have examined the trends in studies
conducted in the field of mathematics education, and they have concluded similar findings
(Baki et al., 2011; Ciltas, 2012; Ciltas et al., 2012; Ulutas & Ubuz, 2008; Yasar & Papatga,
2015; Yiicedag & Erdogan, 2011).

The sample of theses/dissertations prepared in the learning area of statistics and
probability mainly comprised middle school students (68%). A number of factors can be
considered when evaluating the fact that more studies have been conducted on middle school
students. First of all, the learning area of statistics and probability at the middle school level
contains a high number of objectives and class hours. At middle school, 60 class hours are
allocated to the accomplishment of 19 objectives in the learning area of statistics and
probability. Primary school students have nine objectives, whereas high school students have

six. Due to the high number of objectives and class hours, statistics and probability may have
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become a more remarkable research area at middle school. Undergraduates (12% of the
sample) accounted for the second group of students being studied extensively in theses. There
may be a preference for undergraduate students due to their greater availability compared to
other sample groups. The researchers may have chosen to work with this sample group due to
the longer-term permission processes for working with other sample groups. Several studies
examining the trends of studies in various fields have produced similar results (Karakas,
2021; Kog, 2020; Kiigiikozer, 2016; Ozan & Kose, 2014; Ubuz & Ulutas, 2008). The number
of theses/dissertations involving other sample groups is relatively small (secondary school
students make up 7%, teachers and graduate students make up 5%, primary school students
make up 2%, and associate's degree students make up 1%). Interestingly, no study involved
special education groups and mathematics educators. Due to the importance of the learning
area of statistics and probability today, it is considered important to conduct studies with all

sample groups, especially with those that have never been studied or have been studied less.

As a result of examining the sample sizes in the dissertations, it was found that groups
between 0-100 people were most preferred, followed by 101-200 people. The number of
theses/dissertations with different sample sizes is relatively small, even though there are some
studies with large samples. There are two main reasons why smaller sample groups are used
in the studies. Research method might be the first. Especially in qualitative research, it is
expected to work with smaller sample groups to be able to answer the research question. In
addition, it is possible to consider this to be an economic tendency. Usually, when reaching
participants is difficult both financially and morally, it is advisable to work with fewer
participants. This finding is a finding reported in studies on statistics and probability and in
other studies, as well (Ciltas, 2012; Ding, 2021; Ozey, 2019; Tabuk et al., 2018; Tatar et al.,
2011; Tosun & Unal, 2019). The study trends in the learning area of statistics and probability,
for example, were examined by Tosun and Unal (2019) and Ding (2021). Tosun and Unal
(2019) found that the most number of studies were conducted with 50-100 participants, while

Ding (2021) found that 31-100 participants were involved in the most studies.

Nearly half of the theses/dissertations used achievement tests (49%), based on the
distribution of the data collection tools used. Since achievement tests can be used both
qualitatively and quantitatively in research methods, they can be used more extensively as a
data collection tool. There have been studies with similar results (Ding, 2021; Tosun & Unal,

2019). Interviews were found to be the second most preferred data collection tool (21%).
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Although other tools (e.g., attitude scales, documents) were also preferred, their rate of use

was low.

Based on the data analysis methods preferred by the dissertations, quantitative methods
were preferred over qualitative and mixed methods. Quantitative research methods favored
the descriptive method most. Qualitative data analysis theses/dissertations used content
analysis and descriptive analysis methods at about the same rates. A review of the literature
shows that similar results have been reported in other studies (Albayrak & Ciltas, 2017; Arik
& Tirkmen, 2009).

According to an evaluation of the teaching practices used in the dissertations,
technology-assisted teaching environments were used more than others. A technology-
assisted teaching environment was preferred by one in four theses/dissertations that tested a
teaching practice (28%). The emergence of such a result can be attributed to several factors.
The first is the growing awareness of technology's importance today. It may have been
triggered by the Covid-19 pandemic to associate education with technology in an effort to
improve teaching methods. Additionally, researchers might be motivated to include such
teaching practices in their theses/dissertations by the positive results obtained from studies.
According to many researchers, statistics education should be integrated with technology to
increase the effectiveness of the instructional and educational process (Kayaly, 2013;
Tishkovskaya & Lancaster, 2010). In an analysis of the statistics education studies conducted
by Van der Merwe and Wilkinson (2011), only 15% were related to technology use.
Accordingly, the literature results do not coincide with the current study's findings. Another
study by Judi and Sahari (2013) identified computer-assisted collaborative learning
environments as the most commonly used method in student-centered learning in statistics
education. The results of this study support those of the current study. The theses/dissertations
also highlighted "realistic mathematics education-based teaching practices" and "cooperative-
based teaching environments™ (7%) as preferred teaching practices. Five percent of all the
theses used "multiple intelligence-based teaching environments” (n=3). Although many other

teaching practices were used, their rate of use was found to be quite low (See Table 4).

A general examination of the results obtained from theses/dissertations prepared in the
learning area of statistics and probability reveals several points. In the first place, students of
all grade levels as well as teachers and pre-service teachers have difficulties/ misconceptions/
knowledge deficiencies regarding statistics and probability. This conclusion was reached in

almost one out of four theses/dissertations (27%). Several different factors can contribute to
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the difficulties experienced by students, teachers, and pre-service teachers. These causes
include teaching processes, affective features, and cognitive characteristics. According to
Zieffler et al. (2008), many university students attend introductory statistics courses with fear
and anxiety, and these feelings last throughout the course. Several researchers have reached
similar conclusions in this field (Sotos et al., 2007; Tosun & Unal, 2019; Zamora Araya et al.;
2021; Zieffler et al., 2008). According to Sotos et al. (2007), students have deep and
widespread misconceptions about the concept of inference, and even if they can compute
statistics, they cannot interpret the results. According to Zieffler et al. (2008), university
students do not correctly understand sampling distribution, measures of central tendency, and
dispersion in statistics. According to Tosun and Unal (2019), secondary school students have
difficulty with line graphs. Students' achievement (16%) was also significantly improved by
the various teaching practices applied in the dissertations. Students' achievement did not
increase significantly as a result of the teaching practices employed in some dissertations, but
the percentage of these theses/dissertations is very low (4%). Student achievement practices
that resulted in significant gains in achievement were not able to increase student learning
permanently. In 6% of dissertations, teaching practices increased the permanent learning of
students in a significant way. In the case of the effects of teaching practices on student
attitudes, the same results could not be obtained. Teaching practices were associated with
significant changes in attitudes of students in only 4% of dissertations, but did not result in
significant changes in 4% of dissertations. In addition, other variables (e.g., gender, family,
education level, school type, peer collaboration) had no impact on achievement (4%). The
theses/dissertations also yielded many other remarkable results (see Table-4).

Suggestions and Limitations

The current study is limited to the master’s theses and doctoral dissertations prepared in
the learning area of statistics and probability in Turkey. Therefore, it may be helpful to
analyze other types of studies (e.g., articles, papers) related to this learning area, which will

improve the content validity and reveal the situation in Turkey in a more comprehensive way.

A framework of codes was created based on the data obtained for analyzing the
purposes and results sections of the studies. No analysis was conducted within the framework
of the codes previously determined. The data can be analyzed using predetermined codes in
future studies (e.g., Zieffler et al. 2011).
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The current study also analyzed theses/dissertations that were uploaded to the Higher
Education Council's website and completed between 2000 and 2021. A variety of keywords
(e.g., graph, measures of central tendency) related to statistics and probability were used to
locate these theses. This keyword search might not be able to reach all theses/dissertations in

the database. It is possible to consider this as a limitation of the study

In general, the results obtained have important implications for researchers, teachers, the
Ministry of National Education, and students involved in this field. As well as providing
important insights for researchers regarding what types of studies are needed, the results
obtained can reveal the trend in theses/dissertations in the field of statistics and probability.
Moreover, curriculum developers can revise the curricula based on the results. In order to
organize their teaching processes, teachers can take into account the results obtained. In
addition, it might be worthwhile to focus on sample groups and subject areas that have
received relatively less attention. Lastly, there are fewer doctoral dissertations, which allows

for further research to be focused on doctoral theses.
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Tiirkiye’de Istatistik ve Olasiik Ogrenme Alanina iliskin Hazirlanan Lisansiistii
Tezlerin Incelenmesi

Ozet:

Bu ¢alisma, Tiirkiye'de olasilik ve istatistik 6grenme alanina iliskin lisansiisti tezlerin egilimini incelemeyi
amaglamigtir. Caligmada dokiiman analizi yontemi kullanilmistir. Toplanan verilerin analizinde nitel veri
analizi yontemi kullanilmistir. Tezlerin yayin yilina gore dagiliminin diizenli olmadigini ortaya ¢ikmustir.
Tezlerin ¢ogunun istatistigin 6grenme alaninda yazildigi tespit edilmistir. "Olasilik" kelimesi tezlerde
kullanilan en popiiler anahtar kelime olmustur. Tezlerin daha ¢cok "6gretim uygulamalarimin farkli bilesenlerin
gelisimi iizerindeki etkilerini incelemek" amaciyla yazildig1 goriilmiistiir. Tezlerde cogunlukla nicel aragtirma
yontemi tercih edilmistir. Calismalara katilan katilimer sayisinin en fazla 0-100 araliginda oldugu ve
calismalarda secilen en fazla tercih edilen katilime1 grubunun ortaokul 6grencileri oldugu tespit edilmistir.
Teknoloji destekli 6gretim ortaminin diger 6gretim ortamlarina goére daha fazla kullanildig1 ortaya ¢ikmistir.
Sonuglar genel olarak incelendiginde hem Ggrencilerin hem de dgretmenlerin/hizmet dncesi gretmenlerin
istatistik ve olasilik kavramlar1 hakkinda yanlis anlamalara ve bilgi eksikligine sahip olduklar1 fark edilmistir.
Uygulanan 6gretim uygulamalari 6grencilerin basarilarinda gogunlukla anlamli bir artisa neden olmustur.

Anahtar kelimeler: lisansiistii tezler, dokiiman incelemesi, istatistik ve olasilik.
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Introduction

The effective delivery of quality education in modern times requires teachers to possess
not only knowledge of the subject matter they teach but also teaching skills. Teachers need to
be equipped with the necessary competencies to navigate and utilize various technological
tools to enhance teaching and learning. There is an increasing expectation that teachers
integrate educational technologies into the teaching process (Johnson et al., 2014), making the
technology competency of pre-service teachers crucial (Sang et al., 2010). Research has
consistently shown that teachers who receive high-quality training are critical to the
educational system (Artz & Armour-Thomas, 1999). However, defining the concept of a
“qualified teacher” from a single model or perspective may have limitations, such as
overlooking the importance of technology competency and pedagogical skills. To address
this, the Technological Pedagogical Content Knowledge (TPACK) framework has emerged as
a fundamental concept in reshaping teacher training programs in many universities (Abell,
2008; Mishra & Koehler, 2008). TPACK is a teacher knowledge model created by Mishra and
Koehler (2006) that integrates the Pedagogical Content Knowledge (PCK) concept developed
by Shulman (1986) with technological knowledge accumulation to provide a comprehensive

framework for teacher training.

The Technological Pedagogical Content Knowledge (TPACK) framework is a
pioneering theory aimed at determining teachers’ knowledge of how to effectively integrate
technology into teaching. Within this framework, teachers articulate their requirements to
become effective educational technology users. According to the TPACK model, effective use
of technology in education requires a superior level of technological knowledge, pedagogical
knowledge, and content knowledge. Moreover, the model emphasizes the commonalities
among these knowledge types (Mishra & Koehler, 2006; Polly, 2011). The model proposes
that developing the TPACK of pre-service teachers is crucial for successful teacher education,
and rich educational experiences are necessary for this to occur (Mishra & Koehler, 2006).
These experiences facilitate an understanding of the shared impacts of technology and
pedagogy while pre-service teachers learn particular content. Learning experiences that focus
solely on one or two of these knowledge components, without considering the common
effects of technology, pedagogy, and content knowledge, are inadequate to support the

technology integration knowledge and skills of pre-service teachers (Polly & Orrill, 2016).

Within the scope of this study, a teaching process was conducted to develop pre-service

teachers’ TPACK, and efforts were made to ensure they played active roles in all processes as
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required by the TPACK model. This included questioning, researching, discussing,
performing self-assessment, and making corrective decisions about their work. To ensure this
occurred, Learning by Design (LBD) principles were used. The data obtained from the study
revealed that a dynamic teaching process occurred, where pre-service teachers made their own
choices, decisions, and actively carried out their roles as both teacher and learner in
coordination. The variations in TPACK levels of pre-service teachers were investigated with
data obtained at the end of the process, and significant learning outcomes from this learning

experience were researched.
In line with this, the study sought answers to the following questions:

1. Is there a significant change in TPACK levels and TPACK self-confidence levels of
pre-service teachers between the start and end of the material development process?
2. What are the opinions of pre-service teachers about the teaching process and

materials developed and do these opinions include significant learning outcomes?

Development of Technological Pedagogical Content Knowledge of Pre-service Teachers
Based on research, it is recommended that teachers receive basic technological
education prior to entering service and that education faculties are the most effective and cost-
efficient organizations to provide this training (Hur et al., 2010). In most teacher training
programs, pre-service teachers are required to take lessons in education technology or
technology integration at the beginning of the program. These lessons provide opportunities
for pre-service teachers to learn and develop certain content by utilizing teaching
technologies. Additionally, applied lessons are often combined with these education
technology courses, allowing pre-service teachers to observe the integration of education and

technology in real-world environments.

Education faculties should integrate technology with teacher training programs in an
effective way that is open to innovation. Within the system, a way for teachers to gain
competence in terms of TPACK requires education faculties to cultivate pre-service teachers

who know how to use technology (Sang et al., 2010).

Research on teacher training programs has shown that there are many obstacles to the
effective integration of technology into classes by pre-service teachers. There is a significant
difference between technology education in teacher education programs and technology
integration in professional life (Sang et al., 2010). Additionally, differences encountered by

pre-service teachers during teacher training programs can lead to the development of mistaken
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beliefs about how to develop technology-based teaching and learning (Ottenbreit-Leftwich et
al., 2010). These mistaken beliefs can be misleading for both the teacher themselves and their
students during their professional lives. Despite pre-service teachers having adequate
technological knowledge, integration efforts will fail if they do not have accurate pedagogical
beliefs (Ertmer, 2005).

Pre-service teachers generally have knowledge about the basic use of technological
tools; however, they often struggle to combine this technological knowledge with pedagogical
implementation (Byker, 2014).

In teacher preparation programs, it is important for pre-service teachers to learn how to
successfully integrate technology (Oztiirk, et al., 2020). One primary way for this to occur is
by involving pre-service teachers in activities that promote academic development with
technology support in a planned manner throughout the duration of the program. The
preparation of pre-service teachers for technology integration requires opportunities to
observe models and apply knowledge in real or similar environments (Golas, 2010; Oztiirk, et
al., 2022; Tondeur et al., 2011).

In order to ensure the necessary development of TPACK required to manage and run
teaching processes supported by information and communication technologies, pre-service
teachers need to be directly included in similar situations in real learning environments and
complete similar tasks (Koehler & Mishra, 2005a). According to the approach called
"learning technology by design” by Koehler and Mishra (2005b), designing teaching materials
and actively using them within the teaching process provides an opportunity for pre-service
teachers to apply the knowledge and skills they will use during their professional lives. As
teaching materials encompass all three basic knowledge types (technological knowledge,
pedagogical knowledge, and content knowledge) in terms of TPACK, they offer an effective

learning environment for observing relationships and integrating these knowledge types.

Learning by Design Approach in TPACK Development

It is possible to produce original content through manual activities for the development
of the basic structure of TPACK. Learning technology and pedagogy is possible by designing
teaching technologies and working in small cooperative groups to develop solutions in terms
of technology for real pedagogical problems (Koehler et al., 2007). In the literature, learning
approaches called design-based learning or learning by design (LBD) ensure the discovery of

significant variables and relationships in the natural environment of the class (Koh &
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Divaharan, 2013). Design activities offer important opportunities that ensure a broader
understanding of the relationship between content, pedagogy, and technology by the
participants. Learning-by-design work plays an effective role in removing misconceptions and
completing significant learning (Koehler & Mishra, 2005a; 2005b; Kolodner et al., 2002).

The LBD approach provides significant opportunities for pre-service teachers to
develop their technological knowledge. It involves a cooperative process where pre-service
teachers learn through experience by making decisions and applying them. Within this
systematic process, pre-service teachers need to communicate with both peers and lecturers,
share ideas, and engage in cooperative work. The basic principles of LBD include the
following:

» Pre-service teachers should be involved in a dynamic scientific process that involves
asking questions, discussing responses, conducting research, having active
discussions, and applying what is learned.

* Pre-service teachers should be guided to identify and confront misconceptions and
learn new concepts.

* Pre-service teachers should be encouraged to establish connections between available
knowledge, accumulation, and experiences with scientific data, theories, concepts, and
laws.

* Pre-service teachers should be motivated to want to learn, and they should be provided
with a thorough explanation of what learning entails and what is required for learning
to occur.

« Decision-making, defending decisions, discussions, and identification of new
problems should integrate real-life knowledge with scientific information (Kolodner et
al., 2003).

A variety of research has been conducted on the use of LBD in higher education
institutions and its effects (Alayyar, 2011; Lu et al., 2011). The common aim of these studies
is to enhance technology cognition through LBD, and the results indicate that this aim has
been achieved. The findings from these studies demonstrate that teaching processes
completed within the scope of LBD activities enhance the TPACK levels of pre-service
teachers.

Lu etal. (2011) and Kolodner et al. (2002) proposed a learning-by-design model with
five stages to ensure TPACK development during the education of pre-service teachers based

on the LBD model:
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Determination of targets: In this process, pre-service teachers are given information
about what can be included in design tasks. Generally, this task is to design an educational
product with technology or shape topics in response to real-life problems with the aid of
technology. Model lessons are designed, and pre-service teachers are directly included in the
implementations in these lessons. These implementations include in-class discovery activities
and debate sessions. Pre-service teachers research topics about how to effectively use
technology for teaching purposes, and debate the results in the class environment. With the

aim of recognizing problems, reading activities may be beneficial for these activities.

Making the design plan: In this step, pre-service teachers undertake special tasks related
to their project. They work independently or with teammates to plan an educational product or
solution design. Linked to the requirements of the project, pre-service teachers decide on their
design plans by determining the target audience, topic content, making selections, and
analyzing the teaching strategies and technology to be used. Project teams organize sharing

and discussion activities to communicate draft ideas to teammates.

Designing and producing teaching materials: Pre-service teachers begin to design and
create within the framework of the plans for projects/materials involving educational products
or solutions. In this process, it is important to work in cooperation. Lecturers and other pre-
service teachers share opinions and constructive feedback continuously. Mini scenarios are
created about solutions to problems using integrated pedagogy, content knowledge, and
technology. The main focal point in this process should be the use of technology for teaching

purposes.

Trialing the material: Pre-service teachers apply their designs in a real teaching
environment. Other pre-service teachers in the role of the target audience have the opportunity
to use and investigate products. The trial process again ends with active feedback and
recommendations. All pre-service teachers and lecturers investigate and debate the suitability
of the teaching solutions in depth. The basic focus for all participants should be to ensure

awareness of the relationships between content, pedagogical knowledge, and technology.

Analysis and interpretation of results: In this process, pre-service teachers are requested
to express and explain their design experience with written reports, interviews, and diverse
reflection forms. Within the scope of design studies, learning, strong and weak aspects are
explained, new design plans are recommended based on experience, and connections are
made between the experience of technology use in the lesson with use in future careers.
Lecturers and other pre-service teachers provide written feedback, and it is important to reach
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a common view about class applications and teaching methods by discussing these. This
discussion and feedback will create a basis for pre-service teachers to be able to reflect on the
common effects of pedagogy, content knowledge, and technology in teaching activities when
they begin service (Lu, 2014).

As can be seen within the scope of the principles stated above, it is necessary for pre-
service teachers to work in cooperation with peers and lecturers, and to determine and discuss
ideas and outcomes. All processes should be repeated until final materials emerge, desired
targets are reached, and all mistakes are eliminated.

LBD offers the opportunity for first-hand experience of seeing theories and ideas in
practice, developing skills, sharing ideas, and seeing the outcomes of changes made. LBD,
allowing the opportunity for in-depth analysis of the results of actions, ensures the creation of
constructive learning environments (Han & Bhattacharya, 2001). LBD learners have the
chance to have rich experiences and understand the relationships between content knowledge,
pedagogy, and technology (Koehler & Mishra, 2005a; 2005b; Koehler et al., 2004). Design
activities ensure the completion of concrete, understandable, and significant learning

processes to resolve misconceptions and to complete inadequate information.

In a variety of studies performed with the aim of acquiring technology integration
knowledge to be applied in class, pre-service teachers worked in groups to search for
solutions to problems related to teaching technologies, and successful results were obtained
(Alayyar, 2011; Baran & Uygun, 2016; Koehler et al., 2004; Koehler et al., 2007; Koehler &
Mishra, 2005b; Jang & Chen, 2010; Johnson, 2012).

Baran and Uygun (2016) defined the steps necessary to ensure the TPACK development
of pre-service teachers within the LBD framework. In line with these steps, they stated that
the LBD process should be followed as listed below for TPACK development of pre-service

teachers:
« Brainstorming about design
« Design of technology-supported lesson material
* Investigation of design samples
* Investigation of conceptual framework
* Research about information and communication technologies
« Reflection on design experiences

* Application of design in a real environment
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+ Cooperation with design teams

Fink Taxonomy
Fink Taxonomy was used as a conceptual framework for the analysis of qualitative data
in the research. Fink taxonomy provides a guide to the learning content required for

significant learning to occur.

Bloom’s Cognitive Taxonomy is one of the references most commonly used by teachers
when planning what acquirements students will learn from teaching or how to effectively
instill students with acquirements. This taxonomy comprises six hierarchical steps

(remembering, understanding, applying, analyzing, evaluating, and creating) (Bloom, 1956).

According to Fink (2003), this taxonomy which has been used for a long time with
positive outcomes is very important. However, it was emphasized that there were a range of
difficult learning types emerging with Bloom’s taxonomy from the secondary education level
and that it was important to access these learning types in line with changing paradigms and
needs. For example, learning to learn, leadership and environmental adjustment skills, ethics,
communication skills, tolerance and adaptability to change skills, etc. are learning types that
are outside the cognitive field and in fact cannot be explained by cognitive learning. This
situation revealed the need for a new learning taxonomy with broader meaning (Fink, 2007;
Rama & Charles, 2013; Stanny, 2016).

Foundational

Knowledge

Significant Learning

Caring

Figure 1 Learning areas and significant learning correlations (Fink, 2003, pp.10)
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Fink (2003) proposed some changes were required in the learner for learning to occur
and stated that these changes could be used to determine outcomes of significant learning

processes. He categorizes these changes as shown in Figure 1.

Foundational Knowledge: The basis of teaching is that the student needs to know
something. Knowing represents understanding and recall skills for certain knowledge and
ideas by students when stated generally in accordance with the Fink Taxonomy. Currently, it
Is important that people have some valid basic knowledge about science, history, literature,
geography, and the world they live in. Additionally, it is necessary to understand the major

ideals or perspectives (e.g., what is/is not evolution, what is/is not capitalism, etc.).

Application: In addition to learning concepts, rules and ideas, students learn by being
active within intellectual, physical or social activities. The application step is an important
component to complete processes in a variety of forms of thinking (practical, critical, creative,
etc.). Additionally, teaching of certain skills (playing piano or communication skills, etc.) and

how to complete complicated projects occurs in this stage.

Integration: When students see and understand the connections between different
information, it means they have obtained an important and valuable learning outcome.
Sometimes, they may create connections between certain ideas, between people or different

processes in life (daily life, academic life, working life, etc.).

Human Dimension: When students learn important information about themselves or
others, this situation provides the opportunity for more effective communication. They
discover the personal and social effects of what they have learned. Students can learn to know
themselves through information learned or paths followed in learning. Additionally, this
situation provides a perspective about the individual traits they wish to have in the future.
Understanding others may allow understanding of the reasons for their behavior and students

acquire effective communication skills as a learner.

Caring: Sometimes a new learning experience changes the degree of importance that
students attach to something. These new feelings, areas of interest or values may be reflected
externally. These reflections are an indicator that students care more, or differently, about

something compared to before.

Learning How to Learn: During lessons, students may learn things related to their own
learning process. They may learn how to learn better and more easily, how to complete
research procedures, and how to manage their own learning processes. Learning all these

forms the basic structure of learning.
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To assist in clearer observation of learning outcomes in learning areas, the indicative

verbs and behavior varieties are shown in Table 1.

Table 1 Fink Taxonomy indicative verbs

Dimension Behaviors Indicative verbs
Foundational Knowledge Understanding and recall Name, list, describe
Application Critical, creative, and practical thinking: problem-solving Analyze, interpret, and

apply

Ability to make connections between ideas, topics, and

Integration
people

Identify and associate

Ability to determine the feelings, ideas, and values of

people, making changes to these Reflect and interpret

Caring

Learning new things about the self, changing yourself;

ability to understand others through interaction Reflect and assess

Human Dimensions

Learning to ask and answer questions; being a learning with

Learning How to Learn self-direction

Criticize, analyze

There is no stage between the dimensions in the taxonomy; it is necessary to include all
dimensions in the process for significant learning to occur. It may not be very easy to reveal
learning areas like the learning how to learn and human dimension at all times. However, the
important thing is to include learning areas at maximum levels in the teaching process (Fink,
2003; Robinson, 2009).

Method

Research Design

The research used both qualitative and quantitative data with an explanatory design
from the mixed methods designs. The mixed model does not just simply combine qualitative
and gquantitative methods but involves comprehensive integration studies using the strong
aspects of these methods to support each other. The mixed method pattern is used to answer
research questions which cannot be answered with a single paradigm, especially in research
based on education technologies. In explanatory mixed method research, qualitative data is
collected and then used with the aim of explaining or supporting quantitative data (Creswell
& Plano Clark, 2011). This pattern is used to determine the TPACK development of pre-
service teachers at the end of the process and to determine whether learning outcomes were

significant learning outcomes according to the Fink Taxonomy or not.
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Participants

The study group for the research comprised 19 pre-service teachers attending the third
year of the Secondary Mathematics Education department in a state university in the Marmara
region of Turkey during the fall semester of the 2016-2017 educational year. The chosen pre-
service teachers had not received any teaching material development lessons before and had
no experience related to computer-supported teaching processes. With these known features
of pre-service teachers, they were chosen with the targeted sampling in line with the aims of

the research. Of the pre-service teachers, 4 were men and 15 were women.

Data Collection Tools

To determine the TPACK levels of pre-service teachers, at the start and end of the
semester the “Technological Pedagogical Content Knowledge” scale developed by Schmidt et
al. (2009) was used as the pre-test-post-test. The scale was translated to Turkish and adapted
for mathematics by Dikkartin Ovez and Akyiiz (2013) and had Cronbach’s alpha reliability
coefficient of 0.91. The TPACK developed by Schmidt et al. has a 7-factor structure. These
factors comprise technological knowledge, pedagogical knowledge, content knowledge,
technological pedagogical knowledge, technological content knowledge, pedagogical content
knowledge, and technological pedagogical content knowledge. However, basic components
factor analysis by Dikkartin Ovez and Akyiiz (2013) gathered these factors under 4 headings
of technological knowledge, mathematical knowledge, mathematic teaching knowledge, and
technologic integration in mathematic teaching knowledge. These factors and relevant items
were used without change as the study was completed with pre-service teachers and focused
directly on mathematical knowledge. The items on the scale are answered with five-point
Likert responses: completely agree (5), agree (4), undecided (3), disagree (2), and completely
disagree (1). The highest points that can be obtained on the scale are 135, with the lowest

points of 27.

To determine whether pre-service teachers in the research were confident in themselves
in terms of TPACK competencies, the “Technologic Pedagogic Content Knowledge Self-
Confidence Scale” developed by Graham et al. (2009) and adapted to Turkish by Timur and
Tasar (2011) was used. The scale comprises four dimensions; technological pedagogical
content knowledge (8 items), technological pedagogical knowledge (7 items), technological
content knowledge (5 items), and technological knowledge (11 items). The scale contains a
total of 31 items. For the scale in general, the Cronbach’s alpha reliability coefficient is 0.92.

The highest points that can be obtained from the scale are 186, with the lowest point of 26.
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The scale uses 6-point Likert-type responses of | am fully confident (6), | am mostly
confident (5), | am partly confident (4), | am somewhat confident (3), | am a little confident
(2) and I am not confident (1). As an exception, five items (items 16 to 20) are rated with |
don’t know this type of technology (0). As pilot studies for the scale by Timur and Tasar
(2011) were performed with science and technology pre-service teachers, the expressions
“science topic” and “science activities” in two items (item 2 and 4) were changed in line with
experts’ opinions to “mathematic topic” and “mathematic activities” in this study. Apart from

this, the scale was used without changes.

With the aim of identifying the thoughts of pre-service teachers about the process, semi-
structured interviews were held. When preparing the interview questions, the items about
observable behavior from the TPACK scale and TPACK self-confidence scale were used.
With the aim of determining opinions, pre-service teachers were asked the following

questions:

Q1- Do you think the material development activities you carried out during this course
have contributed to your knowledge? If yes, what have you gained from it?

Additionally, how has this process changed you?

Q2- What contributions did you make to the group during the working process? What

were the specific tasks or projects that you completed?

Q3- Is it essential for a teacher to possess knowledge of developing instructional
materials when looking at the process as a whole? Which stages of the material
development process do you feel confident in? In which areas do you consider yourself

particularly strong?

Q4- How would you react if you had a classroom equipped with all the necessary
hardware for teaching technologies? Would this situation make you nervous or
intimidated?

Q5- If you had to learn a technology that you have never encountered before, what steps

would you take to be able to learn it successfully?

Q6- What considerations do you keep in mind when applying your technology and
instructional material development knowledge to your classes? For what purposes do

you use them? How do you determine these objectives?

Q7- What are the characteristics of a good instructional material in your opinion? What

steps do you take to develop a material that possesses these characteristics?
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Q8- What do you think is the connection between teaching materials and fostering
mathematical thinking and instilling this mindset in students? What can you do to

establish or strengthen this connection?

The questions on the interview form were shaped by receiving opinions from two
different lecturers who experts in the fields of teaching technologies and mathematics

education were.

Teaching and Data Collection Process

The content and activities planned according to weeks are listed below:

Introduction, Organization and Pre-Test Application: In the first week of the semester,

pre-service teachers were given a brief explanation of the lesson content and information
about work that would be completed during the semester. The pre-service teachers were given
the printed technological pedagogical content knowledge scale and technological pedagogical

content knowledge self-confidence scale and answered them in order to collect pre-test data.

Investigation and Discussion of Theoretical Topics: In the second week of the lesson,

the topics of teaching technologies, teaching materials and principles of preparing teaching
materials were communicated to the pre-service teachers by the researcher with the

explanation method.
Theoretical topics were dealt with according to the following list:
« Communication and interaction in learning
« Teaching technologies
+ Development process for teaching material
* Process components and basic principles.

In the discussion environment created in the class, pre-service teachers shared their own
ideas about these topics and mentioned previous work they had performed about developing
teaching material. At the end of the lesson, mathematics education material found on the
Education Information Network (www.eba.gov.tr) offered by the Ministry of National
Education General Directorate of Innovation and Education Technologies was investigated.
Pre-service teachers shared their ideas about the material within the scope of basic principles

that teaching materials should have, and a discussion was held.

In the 3rd week continuing investigation of theoretical topics, the importance of

computer-supported education, varieties of implementations in computer-supported education
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and technologic pedagogic content knowledge topics were investigated. In the process after
this, pre-service teachers formed their own design groups and were requested to design

teaching material.

Creating Design Groups and Determining Acquirements from the Materials: Pre-service

teachers formed two-person working groups with friends of their own choosing. As there
were 19 pre-service teachers actively continuing with the lesson, there were 9 two-person

groups, and 1 pre-service teacher chose to work alone.

Pre-service teachers were fully free to choose in relation to topics like the content, form,
technologies used, materials, and implementations for the material they would design.
However, in the name of ensuring integration between groups during this process, the
preparation stages for materials were reported. They were requested to write these reports in
accordance with the ADDIE (Analysis, Design, Development, Implementation, Evaluation)

(Aldoobie, 2015) stages for general design models within teaching design models.

Creating Design Plans and Sharing ldeas: At the end of the sixth week of the lesson, all

groups had completed the analysis and design stages of the material development process and
shared their design plans in the class environment. Pre-service teachers criticized their
colleagues about topics like how the topic will be presented, whether the aim of the material is
teaching or habituation, the devices used, the basic structure of the flowchart, target audience,
and readiness. Attention was drawn to basic elements that require attention in the
development stage based on the criticisms and the design plans were revised. In this direction,
sample flowcharts prepared by teacher candidates are presented in Figure 2 and Figure 3

below:

START

MENU

START | | HELP ' ABOUT ‘ ‘ EXIT

Applications are
provided to update the
knowledge on
proportion, equation,
and inequality topics.

Students are given
applications that will
enable them to
produce solutions to
problems they
encounter in their daily
lives.

Evaluation

Figure 2 Flowchart of the material developed by Group 8
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< START >

| Student Login ‘
¥

| MENU |

£ ¥ ¥ I S
START | | Help | | About < T

l ~ea

Applications are
carried out to find the
vertex of a parabola.

l

Applications focused
on finding the — Exercises ’—\ Final Test
minimum values and
the range of the
function are carried
out.

Figure 3 Flowchart of the material developed by Group 5

Development of Material, Analysis and Presentation of Results: In the second half of

the semester, the presentation of material, interpretation, identification of strong and weak
aspects, and redesign in line with these continued. In the name of ensuring all students were
active during the process, criticism and evaluation of material continued outside of class. To
ensure this situation, pre-service teachers made video recordings of material presentations and
uploaded these videos to a private group on the social sharing network of Facebook. Pre-
service teachers had the chance to investigate and criticize each other’s materials on this

platform outside of class.

Pre-service teachers have periodically presented the developmental stages of the
instructional materials they have prepared to their peers during the course. These
presentations continued with active feedback in a mutual discussion. After each presentation,
teacher candidates evaluated their peers’ designed materials using an online evaluation form.
The main criteria listed below were taken into consideration in this evaluation form (Kaya,
2006):

1- Evaluations Related to the Content of the Material: Evaluations related to the
achievement the material is intended to provide, the content of the subject matter, and

the presentation method of the topic.

2- Evaluations Related to Inquiry Techniques: Evaluations related to the questioning
and inquiry activities conducted during subject teaching in order to guide students,

prevent incomplete or incorrect learning, and ensure gradual progress.
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3- Ensuring Interest and Continuity: Evaluations related to the efforts made to attract
students’ attention and maintain their focus in order to ensure continuity of this attention

state.

4- Creativity: Evaluations related to whether the material contains elements that support

students’ creativity or not.

5- User Control: Evaluations related to whether the material is suitable for students' use

or not.

6- Feedback: Evaluations related to the effectiveness of the feedback provided by the

material to the students.

7- Assessment and Record Keeping: Evaluations related to the extent to which the
material has achieved the targeted learning outcomes, the assessment tools used, and the

evaluation of teaching.

8- Documentation and Support Presentation: Evaluations related to support materials

such as user manuals, additional resources or exercise presentations, help features, etc.

After each presentation, pre-service teachers evaluated the materials created by the
presenting group using an online material evaluation form, which was shared via Google
Forms and allowed for anonymous feedback. This process enabled more objective criticisms
without revealing the identities of the evaluators to the evaluated group members. The
researcher added the data obtained from the form as comments under the relevant posts on
Facebook, and the materials were redesigned based on the revisions made in line with these

comments.

Completion of Designs, Post-Test Application and Interviews: At the end of the

semester, all groups revealed their final designs with weak aspects strengthened in line with
the periodically continuing evaluations. The material evaluation form used during the
development process was applied again to the final form of the design and necessary data
were obtained to analyze the development process. Descriptions of the final materials

developed by ten different working groups are presented in Table 2.

Necatibey Egitim Fakiiltesi Elektronik Fen ve Matematik Egitimi Dergisi
Necatibey Faculty of Education, Electronic Journal of Science and Mathematics Education



190 Enhancing Pre-Service Teachers' Technological Pedagogical Content Knowledge (TPACK) through

Table 2 Developed Materials’ Types and Subjects by Groups

Group Number Material Type Grade and Subject

12th Grade; Analytical Investigation of Ellipse,

Group 1 Computer-Aided Application Hyperbola, and Parabola.
Group 2 Computer-Aided Application 12th Grade; Derivative.
Group 3 Instructional Material (Board Game) 10th Grade; Conditional Probability.
N — 12th Grade; Analytical Investigation of Ellipse,
Group 4 Computer-Aided Application Hyperbola, and Parabola. 11th Grade; Trigonometry.
Group 5 Computer-Aided Application 10th Grade; Second Degree Functions and Their Graphs.
Group 6 Computer-Aided Application 12th Grade; Integral: Riemann sum.
Group 7 Computer-Aided Application 11th QraQe; Trigonometry: Trigonometric functions and
the unit circle.
Group 8 Computer Game; Scenario Study 11th Grade; Equations and Inequalities.
Group 9 Computer-Aided Application 10th Grade; Surface Areas and Volumes of Solid Objects.
Group 10 Computer-Aided Application 10th Grade; Special Quadrilaterals.

Individual interviews were completed for general evaluation of the material
development process continuing during the whole semester. Interviews were recorded with
the consent of the pre-service teachers interviewed and transcribed to text. Finally, the
TPACK scale and TPACK self-confidence scale used at the beginning of the semester were

applied again to obtain post-test data.

Data Analysis

As the study group comprised 19 pre-service teachers (N<30), nonparametric tests were
used for the analysis of data. However, checks of the normality of data were completed. The
Kolmogorov-Smirnov and Shapiro-Wilk tests results related to the total points obtained by
pre-service teachers from the TPACK scale and TPACK self-confidence scale indicated
normality, while histograms showed that data did not have a normal distribution. Item-based

investigations observed that data were not normally distributed.

When analyzing quantitative data (TPACK scale and TPACK self-confidence scale
data), the nonparametric Wilcoxon signed ranks test was used. The variation or not of total
pre-test points obtained from the scales compared to total post-test points was checked with
this test. When investigating the variation of subdimensions and items on the scales, the

Wilcoxon signed ranks test was reused.

Content analysis was performed on data transcribed to text for analysis of interview

data. The indicative verbs in the Fink Taxonomy (2003) were used as a guide for
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differentiation and coding of categories in the interviews with content analysis. In line with
this, it was determined whether pre-service teaches displayed behavior related to which
learning areas within the Fink Taxonomy. An example of the content analysis conducted in

this direction is presented in Table 3:

Table 3 An example of a coding of an interview conducted

Codes f Opinions of Pre-service Teacher-1

Integration 1

This course has added a lot to my knowledge

Human Dimensions 0 and skills. | learned how to teach
. mathematics to students using technology
Learning How to Learn 0 and how to create instructional materials for
Carin this purpose. Through this course, | was able
g 0 : ; Lo .
to identify the shortcomings in my materials
Foundational Knowledge 1 and improve them to create more suitable
materials for my students.
Application 1

Validity and Reliability

When obtaining quantitative data in the research, we used scales that had been
previously used within the scope of the theoretical framework and tested on study groups
appropriate to the target audience. The Cronbach's alpha reliability coefficients of the scales
were calculated in previous studies, and both scales had reliability coefficients above 0.90
(TPACK scale 0.91, TPACK self-confidence scale 0.92).

With the aim of ensuring the reliability of qualitative data, the interview data coded
within the scope of the theoretical framework of the Fink Taxonomy were coded by two
expert researchers. As stated by Miles and Huberman (1994), the compatibility between
coding of the two researchers being above 0.70 is accepted as adequate for intercoder
reliability. In line with this, the compatibility study calculated the ratio between categories
that are compatible to the total number of categories and completed with data from 3
randomly chosen pre-service teachers found the reliability was 0.81. The data obtained from 3
randomly chosen pre-service teachers was recoded 6 months after the first data in the study
was coded by the researcher and as a result the compatibility between the two coding was
found to be 0.86.

To ensure the data’s validity, this study examined previous research that utilized
comparable participant groups and similar theoretical frameworks, enabling a comparison and

discussion of the findings.
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Results

Is there a significant difference in TPACK levels of pre-service teachers at the start and end
of the material development process?

The Wilcoxon signed ranks test was used to investigate whether there was variation in
TPACK levels at the end of the teaching material design process completed by pre-service
teachers within the framework of learning-by-design. The descriptive data related to the
variation in TPACK points of participants based on the pre-test and post-test total points on
the TPACK scale are shown in Table 4.

Table 4 Descriptive data for pre-test and post-test TPACK scale

Pre-test Post-test
N 19 19
Mean 92.4737 114.6842
Standard Deviation 6.30140 9.30981
Minimum 85 105
Maximum 95 129

The total points obtained from the TPACK scale displayed a significant increase in the

post-test. Data related to this result are shown in Table 5.

Table 5 Comparison of pre-test and post-test total points on TPACK scale

Post-test — Pre-test

4 -3.825

p .000

The results obtained with the Wilcoxon signed ranks test showed a significant

difference between pre-test and post-test with significance level 0=0.05 (p=0.000).

The Wilcoxon test results on a category basis to investigate points obtained from all

subcategories of the scale are shown in Table 6.
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Table 6 Total points variation for TPACK scale subcategories

V4 p
TK — Technological knowledge -3.834 .000
CK — Content knowledge -3.362 .000
PCK — Pedagogical content knowledge -3.727 .000
TPACK - Technological pedagogical content knowledge -3.829 .000

When the points are considered separately for all subdimensions of the TPACK scale,
again, the post-test points for all dimensions were observed to be higher than the pre-test
points. In line with this, the completion of learning-by-design activities by pre-service
teachers can be said to clearly contribute positively to TPACK development.

Is there a significant difference in TPACK levels of pre-service teachers at the start and end
of the material development process?

To compare the points that pre-service teachers obtained from the TPACK self-
confidence scale at the end of the material development process with points obtained at the
start of the process, the Wilcoxon signed ranks test was used. The descriptive data related to
points obtained on the TPACK self-confidence scale by pre-service teachers on pre-test and

post-test are presented in Table 7.

Table 7 Descriptive data for TPACK self-confidence scale pre-test and post-test

Pre-test Post-test
N 19 19
Mean 97.000 134.7895
Standard Deviation 14.37977 12.05810
Minimum 70 113
Maximum 119 155

When the variation in total points obtained on the TPACK self-confidence scale are
investigated, all 19 pre-service teachers were observed to have increased total points on the

post-test, shown in Table 8.
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Table 8 Comparison of pre-test and post-test total points for TPACK self-confidence scale

Post-test — Pre-test

Z -3.824

P .000

The results of the Wilcoxon signed ranks test identified p=0.000 at significance level
a=0.05 and observed a significant variation. For this reason, there was a positive significant
difference in total points obtained by pre-service teachers from the TPACK self-confidence

scale at the beginning and end of the material development process.

What were the opinions of pre-service teachers about the teaching process and developed
material and did these opinions include significant learning outcomes?

All pre-service teachers agreed that the activities had contributed something to them.
The opinions of a pre-service teacher (PST-15) regarding this topic are as follows:

As a result of the work, we have done during this course, | can say that | have
become more knowledgeable about the internet and programs. I can now easily use
programs that I used to struggle with before. My self-confidence has increased a lot. |
have gained ideas on conducting research and selecting the best option that suits my
work. We encountered different programs, and |1 can say that I will use most of them
when | become a teacher in the future. This process has changed my thoughts on

Information and Communication Technologies and their use in the classroom.
Another pre-service teacher (PST -17) expressed his views as follows:

This course has taught me a lot, especially about how important math programs
are for a teacher. | saw how helpful they are in teaching math, and | learned that using
math programs can have a positive impact on the students’ learning process. This has
given me experience for my future career. | also learned how to explain something in a
way that can be more helpful when teaching. Living in the age of technology, |
understood how important technology is and how using it can be beneficial for both

teachers and students...

Direct experience of how effective the use of material within lessons and the process
being shaped by peer assessment positively affected their perspective on teaching materials. A
point emerging from the answers was that this process increased the self-confidence of pre-
service teachers about their ability to prepare material and use technology in teaching. This

result may be accepted as a marker of positive development considering they had not
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previously prepared any teaching material, completed any teaching designs and had not used
technological resources during teaching.
When opinions of pre-service teachers about these questions are investigated, it
appeared they proposed three basic topics where positive change occurred:
* Pre-service teachers stated they had the chance to learn and use new technologies
which they were not aware of before due to this lesson.
* They stated they saw the importance of considering students’ needs when designing
material.
« They conceptualized the importance of integration of technology in the teaching
process and learned what requires attention during this process.
Within the scope of these three main opinions, the record numbers for analysis of the
interview data according to the categories of “acquiring information about new technologies”,

“considering student needs” and “technology and mathematic integration” are given in Table

9.

Table 9 Record numbers of opinions of pre-service teachers about the process

Record numbers %
Acquire information about new technologies 9 33.33
Consider student needs 10 37
Integration of technology and mathematics 8 29.66

The opinions of a pre-service teacher (PST-6) regarding this topic are as follows:

Before taking this course, | approached technology with prejudice. More
precisely, the educational use of technology intimidated me. It all seemed like difficult
and complex applications. Similarly, when we started this assignment, | had questions
in my mind such as how it would be done, what do we know, what will we do, etc.
However, when I started working on it, I realized that it wasn’t that difficult at all.
When you work on it a bit and think about it, technology is actually easy to use and
worth the effort. At the end of this process, | realized that | could use technology to
teach in my own classroom in the future. It really changed my perspective on
technological applications in a positive way. | understood that technology could be
easy, useful, and educational. After all, technology is an undeniable part of our lives
today. Not knowing how to use technology as a teacher is a major deficiency. If we can
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transfer what we know to students by knowing and using technology, we can see the

contribution of this course in our teaching career.

Data obtained from interviews completed with pre-service teachers underwent content
analysis. The analysis determined the main categories as learning areas in the Fink Taxonomy

and interviews were coded for suitability to these categories, shown in Table 10.

Table 10 Distribution of opinions according to Fink Taxonomy learning areas

Record numbers Code numbers
Integration 14 21
Human Dimensions 15 30
Learning How to Learn 10 12
Caring 19 60
Foundational Knowledge 18 36
Application 19 67

In order for significant learning to occur, it is important for all learning types to emerge
due to the structure of the Fink Taxonomy. With the obtained findings, all learning areas were

observed to emerge with changes in frequency (Figure 4).

B Integration B Human Dimensions
M Learning How to Learn Caring
B Foundational Knowledge M Application

Figure 4 Percentage distribution of Fink Taxonomy dimensions

The observation of all learning areas is proof that the completed teaching process
provided the basic criteria required for significant learning. For this reason, it can be stated
that the variations in TPACK and TPACK self-confidence levels of pre-service teachers

occurred due to significant learning experiences.
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Findings and Discussions

In this study, the effects of learning-by-design activities within the scope of the teaching
material development processes on the technological pedagogical content knowledge of
mathematic pre-service teachers were researched. As required by LBD processes, pre-service
teachers were able to work in groups with cooperation and an interactive and free special
learning environment was created where they had direct said in the development of each
other’s products. Within this scope, pre-service teachers were fully free to determine topics
like which problem their materials would contribute to solving, what the type of material
would be (physical, computer-supported application, game, etc.), how to address which target
audience, what the application path would be, and which resources would be used. The basic
aim was that pre-service teachers acquire experience in being able to use technologic,
physical and teaching resources which are available in the environment when they begin their
professional life in the most appropriate way according to student requirements and to
discover the relationships between theory and practice with the aid of this experience. In line
with this aim, they tested their own TPACK in applications and gained awareness of their
own abilities, strong and weak aspects, and saw the results of teaching outcomes. Generally,
pre-service teachers in this study had their first professional experience in the planning,
design, development, application, and evaluation stages in the technology-supported teaching

process.

Pre-service teachers worked in groups and shared their material with friends
periodically during development and updated and revised material according to active
discussions and feedback. The role of the teacher was played by the group presenting their
material, while the other pre-service teachers played the role of students with each of the
teaching materials presented in micro-teaching applications evaluated by all pre-service
teachers. To investigate the applications in more detail and ensure time savings, lesson
presentations were recorded and uploaded to social media accounts that could only be
accessed by pre-service teachers in the study group (a private Facebook group) for
investigation and comment by other pre-service teachers. In this way, the criticisms of pre-

service teachers were recorded, and studies continued outside of lesson hours.

At the beginning and end of the teaching process including learning-by-design
activities, TPACK scales were applied to pre-service teachers and the data were used to
research whether the teaching had an effect on points obtained or not. In line with this, rather

than focus on TPACK levels, the focus was on whether development had occurred or not. The
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total points received by pre-service teachers on the TPACK scale were analyzed with the
Wilcoxon signed ranks paired tests and all pre-service teachers were observed to have
increased post-test points compared to pre-test points (a=0.05, p=0.00). This technology-
supported teaching process completed within the LBD framework was observed to have a
positive effect on the points obtained by pre-service teachers from the TPACK scale. This
situation is parallel to the results of many studies completed previously by different
researchers (Agyei & Voogt, 2012; Aygiin et al., 2016; Bahgekapili, 2011; Cavin, 2007; Chai,
Koh & Tsai, 2010; Erdogan, 2014; Figg & Jaipal, 2009; Kafyulilo et al., 2015; Karatas et al.,
2016; Koh & Divaharan, 2011; Koh & Chai, 2014; Kurt et al., 2013; Maeng et al., 2013).
Additionally, though several studies in the literature stated there are limited effects of
teaching processes on TPACK subdimensions, findings in this study showed a change in a
positive direction was valid for all subdimensions (Chai et al., 2010; Habowski & Mouza,
2014; Jang & Chen, 2010).

With the guidance of lecturers, pre-service teachers had the opportunity to complete
active discussions and brainstorming activities, investigated and criticized different design
examples, researched relationships between conceptual frameworks and information
technologies, performed reflections, and revealed their TPACK in a real learning environment
through a cooperative process where they had a say in the development of both their own
designs and their colleagues’ designs. When the pre-test and post-test data obtained to
investigate the effect of these practices on their TPACK self-confidence is analyzed, a
positive change in TPACK self-confidence levels was identified for all pre-service teachers
(0=0.05, p=0.00). The results of studies in the literature stating that pre-service teachers
should be included in technology-supported teaching process stages support this change
(Abbitt, 2011; Canbazoglu Bilici, 2012; Karatas et al., 2016).

When pre-service teachers evaluated each other’s materials, they used an online
material assessment form, and each group was evaluated three times at intervals. Due to these
forms, data were collected to investigate the degree to which pre-service teachers included
TPACK during the material development process. Additionally, at the end of each assessment
form, a section was left for pre-service teachers to write their ideas related to the materials
developed, teaching, and classmates. Data obtained from this form could only be seen by the
researcher, so the evaluations are presented as objective data. Without mentioning names, the
research shared comments from the forms under video presentations in the social media

group. In this way, continuity was ensured between active discussions occurring during
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lessons and the online environment. The materials and teaching process of the pre-service
teachers were updated in line with the strong aspects or deficiencies mentioned. During the
study lasting 12 weeks, 19 pre-service teachers working in 10 groups completed 10 different
material designs. During the semester, teaching was completed using these materials three
times and including their own presentations, they actively participated in 30 different teaching
processes. Data obtained from the assessment forms shows that the quality of teaching
material periodically increased in line with the continuing material development process,
presentation in the teaching environment, discussion, and evaluation activities. Total points
obtained as a result of assessments for all developed materials (including category-based
points) were identified to increase compared to previous evaluations. This situation is a clear
indicator of the reflection of TPACK development of pre-service teachers in the teaching
process and this indicator has the quality of supporting the findings about TPACK and
TPACK self-confidence development (Agyei & Voogt, 2012; Kafyulilo et al., 2015; Kurt et
al., 2013; Larkin et al., 2012; Lee & Kim, 2014;).

The positive changes observed overlap with the opinions of pre-service teachers about
the process. At the end of the teaching material development process, face-to-face interviews
were held with all pre-service teachers. As a result of qualitative analysis of the interview
data, pre-service teachers were identified to have a positive view of the LBD-based
technology-supported teaching process. All pre-service teachers agreed that the teaching
process contributed to their development. They frequently emphasized that they had more
self-confidence about the inclusion of technology in teaching processes and preparing
teaching materials for their own use. Topics emerging from the results of interview analysis
including awareness of new technologies and development of their skills in being able to use
these in teaching, learning the importance of technology integration and what factors require
attention, and cognition about how to resolve the teaching needs of students. This situation is
a clear indicator that pre-service teachers were aware of changes in themselves in becoming
qualified teachers. This situation overlaps with results of similar studies and supports
quantitative findings (Cavin, 2007; Erdogan, 2014; Kafyulilo et al., 2015; Karatas et al., 2016;
Kurt et al., 2013).

With the aim of investigating the opinions of pre-service teachers in more detail and
interpreting results within a theoretical framework, the Fink taxonomy was used. In the
literature, there is no other study investigating LBD-based teaching material development

processes within the scope of Fink taxonomy learning areas. In the name of investigating
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whether the positive changes in TPACK and TPACK self-confidence levels of pre-service
teachers were acquired within the scope of significant learning experiences or not, interview
data were analyzed within the framework of Fink’s significant learning taxonomy. Findings
indicate that all learning areas of the Fink taxonomy may be observed within the scope of the
research process. For this reason, the LBD-based and technology-supported teaching process
led to the acquirement of significant learning experiences, and it can be clearly stated that the
changes in pre-service teachers are significant learning outcomes (Fink, 2007; Robinson,
2009; Rama, 2013; Stanny, 2016).

Opinions investigated within the scope of Fink taxonomy are each a representation that
pre-service teachers are ready to make efforts to include their students in critical, creative and
practical thinking and problem-solving processes. To ensure students gain significant learning
experiences, they stated that they are aware of the need to perform studies to raise individuals
who are able to create connections between disciplines and people, with self-control and free
ideas. In line with this, the presence of an association between the TPACK self-confidence
levels, TPACK levels and Fink taxonomy learning areas of pre-service teachers was
investigated. Due to the structure of Fink taxonomy, the emergence of all learning areas is
proof that significant learning occurred, while the emergence or observation of some learning
areas may be more difficult than others. For this reason, the post-test points obtained on the
TPACK self-confidence scale of pre-service teachers who emphasized “learning how to
learn”, accepted as a statement of the importance of student-centered education and with the
least record numbers among pre-service teacher interviews, were investigated. All eight pre-
service teachers emphasizing this learning area were identified to have TPACK self-
confidence scale points that were above the average for the group. Mann-Whitney U test
results showed a significant correlation between this learning area and TPACK self-
confidence points (p=0.015; p<0.05). This situation is accepted as a statement about the
importance shown by pre-service teachers who trust themselves in performing effective
teaching by combining technology, content knowledge, and pedagogy to raise their students
to be questioning and researching individuals who learn by themselves. Additionally, for all
other learning areas, including between TPACK self-confidence levels and “learning how to
learn” area, there was no significant correlation identified between all Fink taxonomy learning
areas with TPACK points. This situation is directly related to the small dimensions of the
study group (N=19<30). For this reason, it is thought that similar analyses completed with

larger study groups in future research will offer more significant findings.
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In conclusion, due to practices, research and analyses implemented in this study, the
LBD-based teaching material development process for mathematic pre-service teachers was
observed to have a positive effect on TPACK and TPACK self-confidence. The learning
experiences creating this effect can be clearly stated to occur as significant learning

experiences within the scope of the Fink taxonomy.

Conclusions and Suggestions

All implementations within the scope of this study were completed with pre-service
mathematics teachers. However, it is possible to adapt the teaching process for pre-service
teachers attending other departments with similar implementations using appropriate
measurement devices. Planning, developing, and running technology-supported teaching
processes are important skills necessary for all teachers to develop. In order to provide this, it

is possible to use LBD stages as in this study or to use different teaching approaches.

A basic point that requires attention is that the teaching environment should present
similar environments to those that will be encountered by pre-service teachers in professional

life. Micro-teaching practice leads to very successful results in meeting this need.

In this research, the study group comprised 19 pre-service mathematics teachers.
Expanding the study group to complete more comprehensive research on similar research

problems will offer more detailed findings for the generalizability of the results.

It is possible to observe the effects on other teaching areas by performing similar studies
with pre-service teachers attending other departments. Expansion within this scope will offer
important findings about teacher education to compare the TPACK development of pre-
service teachers from different branches, and to investigate the interdisciplinary development
provided by a cooperative process with different branches receiving assistance from each
other.

With the condition of keeping interactions between individuals and groups at the
highest levels, similar to the learning-by-design activities used in the implementation process
in this research, research may be performed with all special teaching methods directing pre-

service teachers toward research, problem-solving, and producing a product.

It is possible to adapt this research as in-service teacher training to investigate the
technology-supported teaching process among teachers, to research TPACK levels and

development and to investigate the technology-supported teaching methods and material
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developed. In this way, the present situation will be revealed, inadequacies will be determined

if present and contributions will be made to work on taking corrective precautions.
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Tasarim Tabanh Ogrenme ile Ogretmen Adaylarinin Teknolojik Pedagojik Alan
Bilgilerinin (TPACK) Gelistirilmesi: Fink Taksonomisi Temelli Bir Calisma

Ozet:

Bu ¢aligmada, dgretim siirecinde tasarim tabanl 6grenme (Learning by Design - LBD) ¢ergevesi kullanilarak
Ogretmen adaylarinin teknolojik pedagojik alan bilgilerinin (Technological Pedagogical Content Knowledge -
TPACK) gelistirilmesi amaglamistir. 19 6gretmen adayi, 12 haftalik bir 6gretim ve veri toplama siirecine
katilarak 10 farkli 6gretim materyali olusturmustur. TPACK ve TPACK o&zgiiven seviyeleri, dlgeklerden elde
edilen nicel veriler ve goriismelerden elde edilen nitel veriler kullanilarak degerlendirilmistir. LBD-TPACK
Ogretim siireci sonunda elde edilen 6grenme ¢iktilariin anlamli 6grenme ¢iktilar olup olmadigini belirlemek
igin goriisme verileri Fink Taksonomisi kullanilarak analiz edilmistir. Bulgular, 6gretmen adaylarmin TPACK
puanlariin ve TPACK &zgiiven puanlarinin 6gretim siirecinden sonra arttigimi gostermistir (a=0.05, p=0.00).
Sonuglarin nitel verilerle desteklendigi ve 6gretmen adaylarinin anlamli 6grenme ¢iktilarina sahip olduklari
goriilmiistiir. Gelecekteki benzer calismalarin; TPACK gelisimine yonelik etkinliklerin dgretmen egitimi
faaliyetlerine etkin entegrasyonunu saglamak adina farkli 6gretmenlik alanlar1 ve daha biiyiik ¢alisma gruplari
ile yiiriitilmeleri dogrultusunda 6nerilerde bulunulmustur.

Anahtar kelimeler: Ogretmen yetistirme, TPACK, tasarim tabanh 6grenme, fink taksonomisi, gretim materyali
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Introduction
In early childhood, mathematics has a significant role in children's cognitive
development. Children can make sense of what is happening around them through mathematics.

(Fromboluti & Rinck, 1999). The foundations of mathematical development in children are laid
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mainly in early childhood (Clement & Sarama, 2007; Celik & Kandir, 2011; 2013; Erdogan,
2006). Mathematical experiences in the early years of childhood arise from children's awareness
and understanding of the mathematical dimensions of the situations occurring around them
from early ages (National Association for the Education of Young Children [NAEYC], 2002).
From the first years of their life, children begin to learn mathematical concepts they will use in
the future through the experiences they have gained during interacting with their environment.
Observations about children's play and daily routines indicate that they acquire many
mathematical concepts, develop mathematical thinking, perform mathematical operations, and

start using the concepts they have learned (Buldu, 2012).

Mathematics in early childhood is also related to concept development and is closely
associated with children's concrete experiences (Akman et al., 2000; Giighan-Ozgiil & Sackes,
2022). "Classification, comparison, ordering, number concept, operation concept, geometric
shapes, measurement and using symbols, etc." concepts contribute to children's future
understanding and learning of mathematics. With the academic skills presented and supported
in early childhood, children's readiness for primary school can be increased, and their
achievements in later grades can be grounded (Celik & Kandir, 2011; Uyanik & Kandir, 2010).

Results of numerous studies stated that academic skills gained in early childhood affect
children's mathematical skills at later ages (Claessens & Engel, 2013; Celik & Kandir, 2011;
Ergiin, 2003; Uyanik & Kandir, 2010) and the effect of teachers on the acquisition of formal
math skills in this period (Copley, 2004; Hart, 2002; Jenkins, 2001; Le & Ginsburg, 2007;
Org¢an Kagan & Karayol, 2017; Stites et al., 2022; Todd Brown, 2005; Zacharos et al., 2007).
In addition, research revealed some problems and deficiencies (e.g. feeling inadequate in
teaching math, not having enough knowledge of mathematics concepts and skills, having
difficulties in planning mathematics activities etc.) regarding mathematics teaching at early
ages within the scope of preschool education practices carried out in Turkey (Aggiil Yal¢in &
Yal¢in, 2018; Giiven & Gok-Colak, 2019; Or¢an Kagan & Halmatov, 2017; Or¢an Kacan &
Karayol, 2017; Pekince & Avci, 2016).

It is known that achievements and experiences in mathematics in early childhood also
influence children’s future success (Clements & Sarama, 2008; Jordan et al., 2009; Lopez et al.,
2008; Saxe, 1988; Wolfgang et al., 2001). Observable outputs related to this situation are seen
when the scores and rankings of Turkish students are examined in the "Program for
International Student Assessment (PISA)" project implemented every three years by the

"Organization for Economic Cooperation and Development (OECD)." PISA exams determine
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the levels of 15-year-old students in areas such as mathematical literacy, science literacy, and
reading skills (Ministry of Education [MEB], 2012). In the 2018 PISA results, in which 79
countries participated, Turkey ranked 40th in reading (31 in 37 OECD countries), 39th in
science (30 in 37 OECD countries), and only 42nd in mathematics (33 in 37 OECD countries).
countries) (PISA, 2019). When the PISA results are evaluated, Turkish students are far behind
their international counterparts. The report published by the OECD (2004) states that learning
experiences gained in early childhood significantly affect the performance of students from

different participant countries in mathematics achievement.

Influence of Teachers on Early Childhood Mathematics

Teaching is a complex process that requires three types of teacher knowledge: (1) field
knowledge, (2) pedagogical content knowledge, and (3) curriculum knowledge (Youmans et
al., 2018). Field knowledge points out an understanding of how mathematics is processed (its
scope, depth, structure, procedures, relationship with other fields, etc.) in early childhood.
Pedagogical content knowledge focuses on how mathematics can be taught effectively, while
curriculum knowledge focuses on what mathematics means (Ernest, 1989). One of the sub-
categories of the Ministry of National Education (MoNE) "Teaching Profession General
Competencies" is "Domain-Specific Knowledge" (MEB, 2017). According to this sub-category,
the teacher should possess the curriculum and pedagogical content knowledge of his field. In
order for the child to gain, develop, and maintain the basic concepts and skills that they will use
in their later school life, teachers have to design and provide "appropriate and effective
educational environments, materials, programs and guidance". These can be provided by the
teacher's possession of domain-specific knowledge.

Early math learning experiences affect young children's attitudes, perceptions, and
knowledge levels toward mathematics and provide rich learning opportunities for
disadvantaged groups. Researchers discovered that children from low-income families quickly
close the gap with their peers with preschool math programs (Clements & Sarama, 2008;
Dearing et al., 2009; Oktay & Giiven, 1998; Starkey et al., 2004). Well-structured and qualified
early childhood programs that take into account children's characteristics have a significant
impact on and improve children's mathematical skills (Ayvaci, 2010; Clements & Sarama,
2008; Kartal, 2007; Tarim Goziibatik & Artut Ding, 2004). Teachers will support bridging this
gap by providing appropriate and efficient educational environments, materials, activities, and
guidance for children in preschool education. Teachers in early childhood education classrooms

are supposed to provide a suitable educational environment for effective mathematics teaching.
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Besides a suitable learning environment being a prerequisite for teaching mathematics, teachers
should prepare and implement an appropriate mathematics program considering the
developmental characteristics of children. From this point of view, the significance of preschool
teachers' domain-specific knowledge in facilitating mathematics learning becomes even more
explicit.

Teachers' attitudes, beliefs, or views toward mathematics and mathematics teaching are
generally reflected in their educational practices. Thus, they affect students' attitudes, interests,
and achievements toward mathematics and can be important determinants of children's
mathematics learning (Zacharos et al., 2007). One of the significant issues with teaching
mathematics to young children is that teachers often have misconceptions about the subject,
such as the notion that “children are not ready to learn mathematics,” ""not everyone can learn
mathematics,” "language and literacy are more important than mathematics,” "mathematics
cannot be taught as a subject on its own," and "it should only be taught utilizing concrete objects
and simple numbers and figures" (Lee & Ginsburg, 2009). Along with misconceptions, some
psychological factors (i.e., self-efficacy, beliefs, and attitudes) related to preschool teachers
significantly impact mathematics teaching in early childhood classrooms. Teachers' attitudes
towards mathematics can affect mathematics teaching. Although many factors affect teachers'
attitudes toward mathematics, it is stated that they have a positive attitude (Celik, 2019) as well
as a negative attitude towards mathematics (Markovits, 2011; Zacharos et al., 2007) and even
that these negative attitudes are mainly based on their previous learning (Maloney & Beilock,
2012; Zacharos et al., 2007). As Copley stated (2004), one of the reasons why teachers do not
practice mathematics activities may be related to a lack of confidence. However, sometimes the
importance they give and the frequency of application can also show an inverse ratio (Orcan

Kagan & Karayol, 2017).

There is a relationship between teachers' beliefs and educational practices (Hart, 2002;
Jenkins, 2001; Lee & Ginsburg, 2007) and between teachers' proficiency and mathematics
practices (Todd Brown, 2005). Teachers with a high sense of efficacy find mathematics more
critical, while teachers with a low sense of competence consider mathematics less important
(Todd Brown, 2005). According to Ernest (1989), teachers' practice of teaching mathematics
depends on several factors such as 1) mental contents or schemas related to mathematics,
especially belief systems related to mathematics and its teaching and learning, (2) the social
context of the teaching situation, especially the constraints and opportunities it provides, and

(3) the teacher's thought processes and reflection. Ernest (1989) emphasized that "teachers'
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mental models of mathematics" are critical because they include what constitutes appropriate
and prototypical learning activities, the behaviours and activities the student will be involved
in, and, most importantly, the teacher's views on the mathematics teaching process. For this
reason, examining teachers' views on preschool mathematics will guide teachers in
understanding which concepts are included in early childhood mathematics and preparing an

educational environment and program appropriate for children's developmental levels.

Aims of the Study
This study was conducted to examine the views of the preschool teachers on early

childhood mathematics. The study sought answers to the following questions:
1. Which concepts do the teachers include in early childhood mathematics?

2.  What kinds of activities do the teachers use early childhood mathematics with, and

how do they assess whether the children have learned mathematical concepts?

3. Isthere a significant difference among the teachers' age, years of service, the type of

institution and the school they work in and the importance they give to mathematics?

Method

This research was designed as a descriptive study, and general survey model was used in
this study. Survey study model: "It aims to describe the views or characteristics of a community
on the subject. The data needed for the research is based on the answers to the questions posed
to the participants, and the data is collected from a sample™ (Frankel & Wallen 2006 cited in
Biiyilikoztirk et al., 2012, p.231). Survey studies are classified under three headings as
"retrospective, longitudinal, and cross-sectional” (Johnson & Christensen, 2014). In this study,
data were collected from the sample at one time, and an existing situation was tried to be
generalized to the population in the light of collected data. Therefore, this research is cross-

sectional and was conducted using survey model.

Participants

The population of the study consisted of teachers working in public or private
kindergartens in various provinces of Turkey. The sample of this research consisted of 107
teachers (n=101 women [%94.4], n=6 men [%5.6]) reached through convenient sampling.
45.8% (n=49) of these teachers are between 23-27 years old, 25.2% (n=27) of them are between
28-32 years old, and 22.4% (n=24) of them are 33 years old and over. The convenient sampling
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method was used in the study. "In convenient sampling, the researcher selects individuals who
represent some of the characteristics is investigating. When determining the participants, it
considers the suitability and willingness of the participants to work. This provides useful

information to answer sample questions and hypotheses." (Creswell, 2014, p.193).

Data Collection

Within the scope of the study, the "Teacher Views Form on Early Childhood
Mathematics" prepared by the researchers was used. The form was developed after consulting
with two researchers in the field of early childhood mathematics. In the "Teacher Views Form
on Early Childhood Mathematics"”, there were eight questions about the demographic
characteristics of the participants, the prioritization of activity types in early childhood
programs, the concepts that could be used in activities related to mathematics, the use of early
childhood mathematics, and two open-ended questions about early childhood mathematics.
Data were obtained online from participants using the "Teacher Views Form on Early
Childhood Mathematics" after getting ethics commission permissions (16.04.2021, No:E-
35853172-900-000015808390) from Hacettepe University for the study's implementation .

Data Analysis

The data were analyzed with the SPSS-24 package program. Descriptive and non-
parametric statistics were operated in the examination of data. Frequency and percentage
calculations were used to analyze teachers' gender, years of professional service, the type of
institution and school they work in, the level of importance they attach to early childhood
mathematics, the mathematics concepts they deal with in the classroom, and their views on
early childhood mathematics. Moreover, The Chi-square Independence Test examined the
relationship among the teachers' age, years of professional service, the type of institution and

the school they work in, and the importance they attach to mathematics.

Findings

The frequencies and percentages of the answers given by the participants to the
questions about gender, age, professional service period, the type of institution and the school
they work in, the importance given to mathematics, being able to associate mathematics with
other fields, preparing an appropriate activity for mathematics and using an appropriate

mathematical language are given in Table 1.
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Table 1 Descriptive Statistics

Variables N % sd
Gender 23
Male 101 944
Female 6 5.6

Age .82
23-27 49 458

28-32 27 252

33 years and above 24 224

No answer 7 6.5
Professional Service Period .70
0-4 years 77  59.8

5-10 years 30 28

11 years and over 13 121

Type of Institution 45
Public school 77 72

Private school 30 28

Type of School .95
Kindergarten affiliated to primary school 36 336
Kindergarten 44 411
Nursery 16 15

Other (High school etc.) 11 103
Importance of Mathematics .67
Less important 25 234
Moderately important 58 54.2

Very important 24 224
Relating Mathematics to Other Fields 19
Yes 103 96.6

No 4 3.7

Being Able to Prepare an Appropriate Activity for Teaching Mathematics .16
Yes 104 97.2

No 3 2.8

Using Appropriate Mathematical Language 24
Yes 100 935

No 7 6.5

Based on the Table 1, 94.4% of the participants are women, and 5.6% are men. When
the ages of the participants are examined, it is seen that 45.8% are between 23-27 years old,
25.2% are between 28-32 years old, and 22.4% are 33 years old and over. 59.8% of the
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participants have 0-4 years of service period, 28% have a service period of 5-10 years, and
12.1% have a service period of 11 years or more. While 72% of these participants work in
public schools, 28% work in private education institutions. When the school types of the
participants are examined, 33.6% work in kindergartens affiliated to primary school, 41.1% in
kindergartens, 15% at nursery school, and 10.3% in other institutions (classes opened based on
high school, institution, etc.). 22% of the participants consider mathematics very important,
54.2% consider it moderately important, and 23.4% consider mathematics less important
compared to other activities. 96.6% of the participants stated that they could associate
mathematics with other fields, 97.2% were able to prepare an appropriate activity plan for
mathematics teaching, and 93.5% stated that they could use mathematical language.

Math Concepts Used in Early Childhood
The answers given by the teachers about the mathematical concepts that can be included

in early childhood are shown in Figure 1.

Early Childhood Mathematics Concepts

120,0
100,0
80,0
X 60,0
40,0
20,0 I I
00 Spati ) |v|
pati ea
Matc F!ass O.m Sorti Coun Addi Su bF al |Shap| Patt Grap sure Data Possi Proo
. ificat . palrn racti anal
hing | . ping ng ting | tion think. es ' ern hics men _ bility f
ion g on . ysis
ing t
M Included 99,1 95,3 99,1 95,3/99,1 98,1 95,3 87,9 71,0 97,2 95,3 90,7 81,3 44,9 46,7 38,3

E Non-included 09 4,7 09 47 09 19 47 12,1 290 28 4,7 93 187 551 533 61,7

M Included ® Non-included
Figure 1 Early Childhood Mathematics Concepts
The majority of the teachers indicated that matching (99.1%), classification (95.3%),
grouping (99.1%), comparison (95.3%), sorting (99.1%), counting (98.1%), addition (95.3%),
geometric shapes (97.2%), pattern (95.3%), graphics (90.7%), subtraction (87.9%),

measurement (81.3%), spatial perception 71% should be included in math activities, while
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others were stating that the concepts of proof (61.7%), data analysis (55.1%), probability
(55.3%) not be included in early childhood math activities.

Activities Integrated with Math
The answers given by the teachers to the question of which activities you integrate with

math to help children learn early childhood mathematics concepts are shown in Figure 2.

Activities Integrated with Early Math

50
45
40
35
30
X
25
z
20
15
10
5
0 — =
Physical sic Literacy Play Turkish Leisure No
Drama | Science Art language .
Activity activities  activities o time answer
activities
N 17 12 13 13 14 45 30 12 1 2
% 10,7 7,5 8,2 8,2 8,8 28,3 18,9 7,5 0,6 1,3

Figure 2 Activities Integrated with Math

When the answers are given to the question of what kind of activities you integrate to
teach early childhood mathematics concepts to children,the teachers mostly prefer play (28.4%)
and art (18.9%) activities to teach mathematical concepts. These activities were followed by
drama (10.7%), literacy (8.8%), physical (8.2%) and music (8.2%) activities. The least
preferred activities by the teachers for teaching math concepts were leisure time (0.6%),
Turkish-language (7.5%), and science (7.5%) activities.

Assessing Math Concepts in Early Childhood
The answers given by the teachers to the question of how they assess whether children
have learned early childhood mathematics concepts are shown in Figure 3.
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Assessment of Math Concepts in Early Childhood

30
25
20
X
15
z
10
5 .
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During
Q&A/Intervie Observation activity With literacy  Individual Checklists
w activities activities
practices
mN 28 28 24 15 9 4 2
% 25,5 25,5 21,8 13,6 8,2 3,6 1,8

Figure 3 Assessment of Math Concepts in Early Childhood

When the answers given by the teachers to the question, "How do you assess whether
children have learned early childhood mathematics concepts?” are examined, the teachers
mostly prefer question-answer/interview (25.5%) and observation (25.5%). The type of
assessment of mathematics activities was followed by assessing during activity practices
(21.8%) and with play activities (13.6%). The activities that teachers used the least in
assessment were literacy activities (8.2%), assessing during individual activities (3.6%) and
checklists (1.8).

Importance Given to Early Childhood Math

The results of the Chi-square Independence Test, which was conducted to examine
whether there is a relationship between the teachers' age, period of professional service, the
type of institution and the school they work in, and the importance they give to early childhood

mathematics, are shown in Table 2.
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Table 2 Chi-Square Independence Test Results

221

Less Important Moderately Important ~ Very Important  Total X2 df p
N 8 26 15 49
23 — 27 years old % % 16,3 % 53,1 %306 %100
N 8 16 3 27
Age 28 — 32 years old % 296 59,3 1.1 % 100 5.02 4 .285
33 years and older N ! 12 > 24
y % % 29,2 % 50 % 20,8 % 100
0 — 4 years N 13 35 16 64
Period of % % 20,3 % 54,7 % 25 % 100
. 5—10 years N 8 16 6 30
g;?\t?g;'ona' % % 26,7 % 53,3 % 20 %100 20 4 868
11 years and above N 4 7 2 13
% % 30,8 % 53,8 % 15,4 % 100
Public school N 19 40 18 77 570 2 752
Type of % 00 24,7 % 51,9 % 23,4 % 100
Institution Private school N 6 18 6 30
% % 20 % 60 % 20 % 100
) - . N 11 16 9 36 9.77 6 135
Kindergarten affiliated to primary school % % 30,6 % 444 % 25 % 100
Type of - N 6 28 10 44
School Kindergarten % % 13,6 % 63,6 % 22,7 % 100
NUrser N 4 11 1 16
y % % 25 % 68,8 % 6,3 % 100
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There was a decrease in the importance given to mathematics as the age and period of
service of the teachers increased, and in the same way, those working in special education
institutions gave less importance to mathematics. However, according to the results of the Chi-
square independence test, no significant difference was found between ages (X? (4, n= 100)=
5.02, p = .285, 7,= -.160, period of professional service (X? (4, n= 107)=1.26, p = .868, 7,= -
.098), type of institution (X2 (2, n= 107)= .570, p = .752, V=-.073), type of school (X? (6, n=
107)=9.77, p = .135, V=-.214) and the importance given to early childhood mathematics.

Discussions, Conclusions, and Suggestions

This research examined teachers' views on early childhood mathematics from a
descriptive perspective. The teachers (1) can associate early childhood mathematics with other
fields and prepare appropriate math activities, (2) state that some concepts that should be taught
in early childhood math cannot be used, (3) they prefer non-permanent assessments such as
observation and interview rather than assessment methods that children can record their
learning and check later, (4) there is no relationship between the age of teachers, their
professional service period, type of institution they work in, type of school they work in, and
the importance they attach to mathematics. Still, there is a tendency to decrease the importance
given to mathematics as age and length of service increase. Similarly, there is a decrease in the
importance given to mathematics by those working in special institutions.

The majority of the teachers indicated that matching, classification, grouping,
comparison, sorting, counting, addition, geometric shapes, pattern, graphics, subtraction,
measurement, and spatial perception should be included in math activities. In contrast, others
stated that the concepts of proof, data analysis, and probability not be included in early
childhood math activities. Ernest (1989) stated that pedagogical knowledge is critical as it
explains how to teach mathematics effectively. For this reason, preschool teachers need to know
which concepts should be included in early childhood mathematics. NCTM (2000) listed the
concepts that should be in early childhood mathematics as "number, operation, algebra,
geometry, measurement, data analysis, probability, problem-solving reasoning,
communication, association, and representation. Similarly, Smith (2009) identified early
childhood mathematics concepts as "matching, classification, grouping, comparison, ordering,
counting, data analysis, graphics, pattern, problem-solving, operation, geometry,
measurement.” It is noteworthy that the participants in this study neglected to include some

essential mathematics concepts in mathematics education activities. Considering that these
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concepts could be addressed in early mathematics, teachers are expected to include them
equally in mathematics activities. Research accounts for some reasons teachers' curriculum
decisions stress domain-specific knowledge and psychological factors about mathematics. As
Youmans et al. (2018) stated, early childhood education teachers have limited knowledge of
mathematics education, but they emphasized that teachers should have content knowledge,
pedagogical content knowledge, and curriculum knowledge. Accordingly, Lee and Ginsburg
(2009) remarked that teachers' attitudes, beliefs, and opinions about mathematics are reflected

in their educational practices.

The results of this study showed that the teachers mostly used mathematical concepts
with play, arts, and drama activities. The teachers assessed whether children learned
mathematics concepts such as question-answer/interview, observation, and activity
applications, and they did not use applications such as checklists. Kog¢ (2017) underlined that
teachers feel inadequate in evaluating children's mathematics achievement. Contrary to the
results of the current study, Yazlik and Ongoren (2018) found that teachers mainly carry out

math activities together with Turkish and science activities.

In the current study, 22.4% of the teachers stated that they considered mathematics very
important, 54.2% moderately important, and 23.4% less important. Several studies indicated a
relationship between teachers' beliefs and educational practices (Hart, 2002; Jenkins, 2001,
Stites et al., 2022). Lee and Ginsburg (2009) pointed out that some teachers have false beliefs
that children are not ready to learn mathematics. Such beliefs and attitudes may lead to ignoring
the importance of early math practices in the classroom. Teachers' knowledge, competence, and
beliefs about mathematics (Todd Brown, 2005; Zacharos et al., 2007), as well as negative

attitudes (Markovits, 2011), can affect children's math development.

When the chi-square independence test results were examined, no significant difference
was found between the age of the teachers (p > .05), the length of their professional service (p
> .05), the type of institution they work in (p > .05), type of school they work in (p > .05), and
the importance they attach to mathematics. Teachers' beliefs about math and the importance
they give can be affected by numerous factors. It is believed that teachers' beliefs about teaching
mathematics are related to their professional service time (Karakus & Akman, 2009; Seker &
Alisinanoglu, 2015). However, Karakus et al. (2019) stated that teachers' beliefs about
mathematical development did not differ significantly according to age, type of school they

work at, education level, and professional service period.
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This study has certain limitations, even though it is believed that the findings will help
both preschool teachers and those interested in teacher education. This research was descriptive,
and data were collected online based on teachers' expressions. It is recommended that the views
of a larger sample group should be examined together with their classroom practices in future
studies. It is also suggested to contrast the results of this study with the information to be
gathered from various measurement instruments. In addition, when the research results were
examined, it was observed that most teachers had false beliefs about some concepts, such as
data analysis, probability, and proof, that could not be taught in the preschool period. More
research is needed to better understand preschool teachers' false beliefs about early math
teaching. Finally, the results of this study indicated that some critical implementation gaps in
early math learning assessment exist. There is, therefore, a definite need for training teachers
on early math assessments, which will allow them more permanent and evidence-based

practices in assessing children's conceptual skills.
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Erken Cocukluk Matematigine Yonelik Ogretmen Goriisleri

Ozet:

Okul dncesi dgretmenleriyle ilgili baz1 psikolojik faktorler, erken gocukluk siniflarinda matematik 6gretimini
onemli Ol¢iide etkilemektedir. Bu nedenle 6gretmenlerin okul 6ncesi matematige iligkin goriislerinin
incelenmesi, erken ¢ocukluk matematiginde hangi kavramlarin yer aldigin1 anlamada ve ¢ocuklarin geligim
diizeylerine uygun bir egitim ortami ve programi hazirlamada &gretmenlere yol gosterici olacaktir. Bu
aragtirma; betimsel aragtirma olup, 107 okul o6ncesi Ogretmeni ile genel tarama modeli kullanilarak
gerceklestirilmigtir. Veriler erken cocukluk matematigine iliskin 6gretmen goriis formu ile toplanmistir.
Veriler tanimlayict ve parametrik olmayan istatistiksel yontemlerle degerlendirilmistir. Analiz sonuglari
Ogretmenlerin matematik etkinliklerini oyun, resim ve drama etkinlikleriyle birlikte kullandiklar1 ve
cocuklarin matematik kavramlarint &grenip O6grenmediklerini degerlendirmek igin sinirli ydntemler
kullandiklarint gdstermistir. Ayrica 6gretmenlerin ¢ogu veri analizi, ispat ve olasiligin okul dncesi egitimde
ogretilemeyecegini belirtmektedir. Son olarak gretmenlerin ¢ogu okul 6ncesi matematigini orta diizeyde
onemli gérmekle birlikle analiz sonuglar1 yas, mesleki hizmet siiresi, gorev yaptiklart kurum ve okul tiirii ve
matematigin 6nem siralamasi arasinda anlamli bir fark olmadigini (p > .05) gostermektedir.

Anabhtar kelimeler: erken matematik egitimi, 6gretmen goriisleri, erken ¢ocukluk egitimi
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Introduction

Today’s developing and changing world brings forward individuals with the
characteristics such as those who can produce knowledge and use it functionally, think
critically, are entrepreneurs, problem solvers, etc. (Ministry of National Education [MoNE],
2018). Individuals with these characteristics keeping up with the dynamism in science and

technology can be achieved by understanding and doing mathematics (National Council of

*This study was produced from the master’s thesis prepared by the first author under the supervision of the second author.
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Teachers of Mathematics (NTCM), 2000). And this case directs us to the educational
perspective in which the mathematical thinking style that integrates with our values and
competencies beyond mere achievements is discussed to achieve and understand mathematics
and be successful (MoNE, 2018).

In a mathematics education, which is integrated with values and competencies, it is
stressed that the numbers that constitute the fundamentals of mathematics should primarily be
handled before teaching the abstract and upper-level concepts to the individuals to achieve
success and gain high-level mathematical skills (Christou & Vosniadou, 2012; Vlassis, 2004).
It is known that a similar situation is valid even for calculation skills (four operations) such as
counting, addition, subtraction, multiplication and division (McCallum & Schmitt, 2011;
Stein et al., 1997). For instance, it is observed that children cannot achieve upper-level
calculation operations and fractions when the basic skills related to counting and numbers are
not gained (National Mathematics Advisory Panel, 2008; Waltemire, 2018). This case directs
us to the critical concept of numbers that should be learned at earlier ages (Sullivan et al.,
2017).

When the literature related to the concept of numbers is reviewed, it is seen that the
numbers have three different uses cardinal, ordinal and nominal numbers (Montague-Smith et
al., 2018). For instance, the numbers are applied in determining the number of objects in
groups such as five cars, ten apples, eight people ... (cardinal number); defining the location
of the objects as first, second and third (ordinal number) or describing something as just
labelling or naming (nominal number) (Haylock & Manning, 2019). When the skill of
counting that includes a one-to-one relationship between the counted object and numbers is
considered (Blenkin & Kelly, 1996), it is seen that the amount of counting skill is gathered
under six developmental headings as recognition-detection, audible-acoustic counting,
asynchronous counting, simultaneous counting, consequential counting and abbreviation
counting (Ruijssenaars et al., 2006). Pre-school students use their fingers to count within the
scope of these six developmental stages (Van De Walle et al., 2012). Besides, they
demonstrate that they have the first understanding related to the counting and number
concepts by making comparisons between sets by using the concepts of more or less (Baroody
& Wilkins, 1999; Fuson, 1988; Gelman & Meck, 1986; NRC, 2001). In addition, between the
pre-school period and second grade, children are expected to acquire the concept of amount
related to the concept of counting, understand the relationship between ordinal and cardinal
numbers and represent numbers differently (Charlesworth & Lind, 2010; NCTM, 2000).
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These significance and necessity, which numbers have provided the numbers and
operations to be included in the curricula and studies from the past till now. In this scope,
when the curricula applied by the MoNE were analyzed, the students between 36 and 72
months are expected to make addition and subtraction operations with the numbers from 1 to
10 in addition to counting from 1 to 20 rhythmically, arraying, matching the numbers and
object groups, creating simple patterns, showing half and whole objects (MoNE, 2013).
Similarly, When the mathematics course curricula applied by MoNE between 2005 and 2018
were analyzed, it was noticed that the primary school curricula consisted of learning areas
such as Numbers (and Operations), Geometry, Measurement and Data Processing, the
secondary school curricula consisted of Numbers (and Operations), Geometry (and
Measurement), Measurement (Data Process), probability (and Statistics) and Algebra and the
most gains and course time was given to the Numbers and Operations learning areas among
these learning areas (ilhan & Aslaner, 2019; MoNE, 2005, 2009, 2013, 2015, 2018). In the
numbers and operations learning area, the students are expected to develop their number
concepts, learn the relationship between numbers and develop their basic arithmetic skills in
primary school to form the basis for different sub-learning areas and achievements at the
secondary school level (MoNE, 2018). Accordingly, the secondary school consists of various
sub-learning areas such as numbers and operations learning area sets of numbers and
numbers, relationships between numbers and operations, ratios and fractions, and multipliers
and multiples (MoNE, 2018). Within the scope of all these sub-learning areas, it was observed
that several studies were conducted on various topics such as natural numbers and operations
with natural numbers (Albayrak et al., 2019; Ercive & Narli, 2019; Paydar & Dogan, 2021;
Tuluk & Akyiiz, 2019), fractions and operations with fractions (Altiparmak & Palabiyik,
2019; Topgu & Giirefe 2020; Ozer et al., 2020), decimal notations (Isik et al., 2012; Karatas et
al., 2021), rates (Erdem et al., 2018; Yapict & Altay, 2017), multipliers and multiples
(Karakus & Yesilpinar, 2018), sets (Biber & Tuna, 2016; Yiicesan, 2011), integers and
operations with integers (Berkant & Yaren, 2020; Bozkurt & Polat, 2011; Erdem et al., 2015;
Kiraz & Cemalettin, 2020; Sengiil & Zengin, 2015), rational numbers and operations with
rational numbers (Altun & Celik, 2018; Giirbiiz & Birgin, 2008; Macit & Nacar, 2019;
Yenilmez & Yildiz, 2018), ratio and proportion (Deveci, 2021; Giiler & Didis Kabar, 2017;
Sengiil & Erdogan, 2017), exponential expressions (Eymen & Duatepe Paksu, 2015; Eymen
Ikizoglu & Duatepe Paksu, 2016; Giizel & Yilmaz, 2020) and rooted expressions (Aksu et al.,
2013; Aydogdu, 2020; Toluk Ugar, 2015). In these studies, it was found that the students had
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deficiencies in reading and writing the numbers, grouping numbers and writing the groups
according to their digits after grouping the numbers or they over and under-used the 0
concepts (Albayrak et al., 2019), tended to do different types of errors such as not being able
to establish the part-whole relationship in problem posing for operations with fractions,
attribute natural number meaning to fraction dimensions, have an inability to attribute
meaning to integer parts of integer fractions, lack of expression in the problem, and lack of
data (Isik, 2011; Isik & Kar, 2012; Ozer et al., 2020), their images of a rational number and
fraction concept were not clear enough (Berkant & Yaren, 2020), pre-service teachers had
problems or were insufficient in deciding the size of the given rooted numbers (Aksu et al.,
2013).In addition to considering several studies conducted within the scope of any topic as a
source of wealth for literature, it has been claimed that this situation made it difficult to follow
the literature (Ertane Bas, 2019; Ozturan Sagirh & Bas, 2020). Handling the general
tendencies related to a topic in certain periods is crucial in terms of shedding light on new
studies and realizing the trends of the studies (Cohen et al., 2007; Erdem, 2011). From this
point, the investigation of the researchers’ knowledge related to the trends and current
situation of the studies related to their fields with content analysis is thought to contribute to
the literature (Falkingham & Reeves, 1998). Accordingly, it is noticed that there are studies in
which the general trends related to mathematics education in the literature (Ar1 & Demir,
2020; Kutluca et al., 2018; Ulutas & Ubuz, 2008; Yasar & Papatga, 2015; Yildiz Altan et al.,
2021). In addition, it has been realized that there are researches in which the tendencies
related to a certain topic such as metacognition (Bas & Ozturan Sagirli, 2017; Kandal & Bas,
2022), technology-supported education (Bayram, 2019; Tatar et al., 2013; Kutluca et al.,
2016), mathematical model and modelling (Albayrak & Ciltas, 2017; Birgin & Oztiirk, 2021;
Yenilmez & Yildiz, 2019), mathematics anxiety (Toptas & Gazel, 2018), realistic
mathematics education (Tabak, 2019), problem-solving (Coskun & Soylu, 2021) and
problem-themed (Ozturan Sagirli & Bas, 2020).

In light of these studies, no studies have been encountered in which numbers and
operations learning areas in mathematics education are analyzed and evaluated. Considering
all this information, it has been aimed to present the trends of articles by investigating the
articles conducted related to numbers and operations learning area and contribute to
mathematics education by creating a background to new research with this study in Turkey.

For this purpose, these research questions were asked.
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1. How is the distribution of the articles conducted with the participants at pre-school,
primary school and secondary school level in Turkey on the numbers and operations learning

area in mathematics education and published in Turkey according to their publication years?

2. How is the distribution of the articles conducted at pre-school, primary school and
secondary school levels in Turkey on the numbers and operations learning area in

mathematics education and published in Turkey according to their methods?

3. How is the distribution of the articles conducted at pre-school, primary school and
secondary school levels in Turkey on the numbers and operations learning area in

mathematics education and published in Turkey according to their samples?

4. How is the distribution of the articles conducted with pre-school, primary school and
secondary school levels in Turkey on the numbers and operations learning area in
mathematics education and published in Turkey according to their data collection tools?

5. How is the distribution of the articles conducted at pre-school, primary school and
secondary school levels in Turkey on the numbers and operations learning area in

mathematics education and published in Turkey according to their data analysis methods?

6. How is the distribution of the articles conducted at pre-school, primary school and
secondary school levels in Turkey on the numbers and operations learning area in

mathematics education and published in Turkey according to their publication languages?

7. How is the distribution of the articles conducted at pre-school, primary school and
secondary school levels in Turkey on the numbers and operations learning area in

mathematics education and published in Turkey according to their sub-learning areas?

Method

Research Design

This research aimed to review the structures and trends of the articles conducted on
mathematics education and published within the scope of the topic of numbers and operations
sub-learning in Turkey. Accordingly, the research was designed with a descriptive content
analysis method which is one of the content analysis methods in which a general trend is
determined by reviewing and arranging the quantitative and qualitative research which are put
forth differently (Cohen et al., 2007; Calik & Sozbilir, 2014; Selguk et al., 2014).

Data collection
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In the first stage of the data collection process, 124 journals of faculty of education,
institutes of social sciences journals and journals of private institutions and organizations in
Tukey were determined. Only the volumes of the journals presented to the readers only online
were handled; a total of 1617 volumes and 5021 issues, by taking all of the issues of 2020 into
consideration, were included in the process and analyzed. In the second stage of the data
collection process, each issue of the journals reached was analyzed individually. The articles
were reviewed within the scope of the learning areas and gains in the curriculum with the
keywords as numbers, natural numbers, integers, four operations and/or skills, arithmetic,
arithmetic operations, ratio proportion, sets, factors and multiples, proportional reasoning,
fractions, operations with fractions, rational numbers, operations with rational numbers,
exponential expressions and square root expressions. In addition, the articles, including words
such as verbal problems, problem-solving and problem-posing, were also reviewed
considering the acquisitions within the scope of numbers and operations learning area. In this
stage, articles whose samples were foreigners were excluded from the research. In the third
stage of the data collection process, the articles were aimed to be classified considering the
numbers and operations and sub-learning areas within the scope of the 2013 pre-school
curriculum and primary and secondary school 2018 Mathematics Course Curriculum. For this
purpose, it was noticed that the articles consisted of even the high school curriculum among
the recorded articles. Since secondary school and high school gains are different learning
contexts and the numbers and algebra in the high school curriculum take place together in the
same learning area, the articles that took place in the high school curriculum were excluded
from the research. At the end of this stage, a total of 301 articles were recorded and prepared

to be ready for data analysis.

Analysis of the Data

A descriptive analysis method was employed in the analysis of the data. The data
obtained in the descriptive analysis are summarized and interpreted according to the theme
determined earlier, and obtained results are presented to the reader (Yildirim & Simsek, 2018,
p. 239, 242). The researcher carried out the analysis process in line with the codes and
categories draft prepared by Bas and Ozturan Sagirl (2017) and listed in Figure 1.
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The Codes and Categories

» Study Group » Analysis of the Quantitative Data

» Pre-school » Descriptive statistics
» Primary School; 1, 2, 3, 4, not specified » Independent samples t-test
» Secondary School; 5, 6, 7, 8, not specified » Paired samples t-test
» Pre-service Teacher » Single sample t-test
» Teacher » One way ANOVA
» Supervisor » Two way ANOVA
» Method » One way MANOVA
» Quantitative Approach » Kruskal Wallis H test
» Descriptive » Mann Whitney U
» Experimental » ANCOVA
» Correlational » Factor analysis
» Scale Development » Wilcoxon signed-row test
» Design/activity development » Path analysis
» Qualitative Approach » Implied growth model
» Case study » Item analysis
» Phenomenology » Covariance analysis
» Action research » Chi-square
» Teaching experiment » Cochran Q test
» Review » McNemar test
» Phenomographic research » Graphical analysis

» Mixed Approach

» Data Collection Tools

» Achievement test

» Questionnaire/open-ended questionnaire/scale/test
» Problem-posing test

» Problem-solving inventory/test

» Activity development form

» Interview

» Observation

» Document review

» Video
Other(game/reward/Graphic/instruction/notebook)
Mat Diaries

Table of specifications

Scale of rating

Tape recorder

Study paper/activity

Scale classification form

>
>
>
>
>
>
>
» Evaluation inventory

» Analysis of the Data

» Analysis of the Qualitative Data
Content analysis

Descriptive analysis

Constant comparative analysis
Discriminant analysis
Discourse analysis

Document analysis

Visual analysis
Phenomenological analysis

VVVVYVYVYVYY

» Sub-learning Area
» Primary School
» Natural Numbers
> Addition with Natural Numbers
> Subtraction with Natural Numbers

» Multiplication with Natural Numbers

» Division with Natural Numbers
» Fractions
» Operations with Fractions
» Secondary School
Natural Numbers
Operations with Natural numbers
Fractions
Operations with fractions
Decimal notations
Rates
Multipliers and Multiples
Sets
Integers
operations with integers
Rational numbers
Operations with rational numbers
Ratio
Ratio and Proportions
Exponential Expressions
Rooted Expressions
» Publication Language
» Turkish
» English
» Turkish-English

VVVVVVVVVVVVVYVYVY

Figure 1 The list of codes and categories used in data analysis

The list in Figure 1 consists of 6 categories comprising 88 codes as the sample, method,
data collection tools, data analysis methods, sub-learning area and language. The coding

process within the scope of categories was realized as follows:
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Method; The analysis of this category was realized with the method names expressed by
the researchers in the method sections of the articles. In the cases when the methods of the
articles were not stated, the methods of the articles were specified by considering the topic,

study group, data collection tool and data analysis method in line with the expert opinions.

Sample; In the analysis of this category, it was tried to determine the level among all the
levels of pre-school, primary school and secondary school and pre-service teachers. While
coding was performed in the primary and secondary samples, the class level was determined
based on the 4+4+4 system. In addition, frequencies were recorded for each class level in the
sample of each article reviewed during coding. If the class level was not stated, although the
article was carried out with secondary school students, it was coded in the section of
secondary school not specified. For instance, in the S275 coded article, which consisted of the
special education students, since the class levels of the students were not specified despite
claiming that they were at the ages of 11, 12 and 14, it was coded in the secondary school, not

specified section.

Data Collection Tools; In the analysis of this category, the tools, which were applied to
collect only the data related to numbers and operations learning areas among the articles, were
subjected to the analysis. For instance, while coding was done to the data collection tool
which was used to determine the number senses of students in the S267 coded article, in
which the effects of number sense-based teaching on the students’ self-efficacy and
performance in mathematics were investigated, the coding was done to the data collection tool

applied to determine the students’ self-efficacy perceptions to mathematics.

Data Analysis Method; In the analysis of this data, in coding, only the analyses related
to the measurements related to the numbers and operations learning area were considered in

the relevant articles.

Language; In the analysis of this category, the articles were included in the analysis
process according to their language by coding as English, Turkish or both English and
Turkish.

Sub-learning Area; In the analysis of this category, the data related to which sub-
learning area between the primary and secondary school numbers and operations learning area
were analyzed. In addition, if the reviewed article consisted of more than one sub-learning
area, one frequency was coded for each sub-learning area. In addition, the unit contents that
took place in the curriculum of 1997 and earlier were coded within the basis of the sub-

learning areas within the scope of the current mathematics curriculum.
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Validity and reliability

During the process of collecting, examining and analyzing the process of the data
related to each sub-problem that took place in the study, cooperation was carried out with an
academician who was an expert in the field of qualitative methods, and arrangements were
made within the scope of the processes in line with the feedback and suggestions from him.
For instance, in the S90 coded research, whose method was not stated, the proportional
reasoning skills and the solution strategies of the pre-service secondary school mathematics
teachers brought to the problems involving ratio-proportion were subjected to content analysis
after the data were collected with the help of semi-structured interviews prepared by the
researcher. A consensus was reached by taking the topic, problem, data collection tools and
data analysis of this study, and the research was analyzed in the qualitative category with the

case study code.

In the analyses, the coding and analysis process was carried out twice, eight weeks
apart, by the researcher for the reliability of the coding process. The consistency of the results
and coding was calculated as 93%. The parts, coded separately, were specified by taking the

expert opinion, and the findings were prepared to be reported.

Findings and Discussions
Findings related to the sub-problems in the study are presented in the order in this

section.

Findings related to the publication years of the articles published in Turkey on the numbers

and operations learning area-themed articles in Turkey

Findings related to the distribution of the reviewed articles by year are presented in

Figure 2.
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Figure 2 Distribution of the reviewed articles by years
As it was presented in Figure 2, it is seen that the articles on the topic of numbers and
operations themed were first published in 1986. In the reviewed articles, it was observed that
there had been no regular publications until 2004; however, an increase in the number of
articles occurred until recent years. The highest numbers of articles which have been reviewed
belonged to 2019 and 2017 in order.

Findings related to the methods of the articles published in Turkey on the numbers and

operations learning area-themed articles in Turkey

The findings of the reviewed articles related to their methods are presented in Figure 3.
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Figure 3 Distribution of the reviewed articles related to their methods

As presented in Figure 3, the numbers and operations learning area-themed articles
which have been reviewed were designed with the case study method (125; 42%),
experimental (67; 22%) and experimental (36; 12%) methods. In order these methods were
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followed by the mixed method (26; 9%) and review (11:4%). The least preferred methods in
the articles were phenomenology (2; 0.7%) and phenomographic research (2; 0.7%).

Findings related to the samples of the articles published in Turkey on the numbers and
operations learning area-themed articles in Turkey

The findings of the reviewed articles related to their samples are presented in Figure 4.
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Figure 4 Distribution of the reviewed articles related to their samples

As presented in Figure 4, the secondary school level was the most preferred sample
group applied as samples in the numbers and operations learning area-themed articles (208).
This sample was orderly, followed by the primary school level (91), the pre-service teachers
(90) and the teachers (34). In addition, when the class level which was a study on most was
taken into consideration, it was noticed that there were (29) at the 4th class level of the scope
of primary school, (72; 58) at the 6th and 7th class levels of the secondary school level and
(30) at the 3rd class level of the university. The students in the pre-school level (10) and
supervisors (1) were the samples included in the articles least. In addition, no studies were

encountered related to the postgraduate level, manager, parents and academicians.

Findings related to the data collection tools of the articles published in Turkey on the

numbers and operations learning area-themed articles in Turkey

The findings of the reviewed articles related to their data collection tools are presented

in Figure 5.
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Figure 5 Distribution of the reviewed articles related to their data collection tools

As presented in Figure 5, the most preferred data collection tool in the numbers and
operations learning area-themed articles were questionnaires/open-ended
questionnaires/scales/tests (125). This was followed by individual interviews (61) and
achievement tests (38). The least applied data collection tools in the articles were evaluation
inventory (1), table of specifications (1) and activity development form (1).

Findings related to the data analysis methods of the articles published in Turkey on the

numbers and operations learning area-themed articles in Turkey

The findings of the reviewed articles related to their data analysis methods are presented

in Figure 6.
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Figure 6 Distribution of the reviewed articles related to their data analysis methods

As presented in Figure 6, the content analysis (112) and descriptive analysis (74) were

the methods which were mostly applied in the analysis of the qualitative data in the numbers
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and operations learning area-themed articles. In the qualitative data analysis, it can be claimed
that the predictive methods were mainly used, and the correlational and hypothesis tests were
applied most in these methods. In the analysis of the quantitative data, the independent
samples t-test (48) and the descriptive statistics (40), paired-samples t-test (20), and one-way
variance analysis (ANOVA) (20) were preferred most in order. Besides, it was determined
that the non-parametric tests were also applied in the data analysis.

Findings related to the publication languages of the articles published in Turkey on the

numbers and operations learning area-themed articles in Turkey

The findings of the reviewed articles related to their publication languages are presented
in Figure 7.

Turkish-
English
2%

English
16%

Figure 7 Distribution of the reviewed articles related to their publication language

As presented in Figure 7, approximately 81% (245) of the reviewed articles were
published in Turkish, 17% (49) in English and 2% (7) both in Turkish and English.

Findings related to the sub-learning areas of the articles published in Turkey on the numbers

and operations learning area-themed articles in Turkey

The findings of the reviewed articles related to their sub-learning areas are presented in

Figure 8.
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Figure 8 Distribution of the reviewed articles related to their sub-learning areas

As presented in Figure 8, the sub-learning areas of the numbers and operations learning
area-themed articles at the secondary school level were fractions (53), operations with natural
numbers (51) and operations with fractions (48). The most applied sub-learning areas in the
articles at the primary school level were addition operations with natural numbers (44) and
subtraction with natural numbers (41). In addition, the least applied learning areas at the
secondary school level were exponential expressions (6), rates (5), multipliers and multiples
(5); at the primary school level were fractions (10) and operations with fractions (5). In
addition, it was determined in the reviewed articles that the researchers had conducted for

each sub-learning area.

Conclusion, Discussion and Suggestions

The results related to the publication years, methods, samples, data collection tools, data
analysis methods, publication languages and bub-learning areas of the articles published in the
journals of Turkey and conducted in Turkey on the numbers and operations learning area-

themed articles can be summarized as follows.

It was determined that the articles on numbers and operations learning area-themed
articles had been published in 1986 first. It was also observed that they were hardly any
research from 1986 till 2004, and the number of published articles from this date has
continued to increase until recently. It was noticed that the most published articles in number
were in 2019 and 2017. It is thought that the various revisions carried out in the learning area
and subject content in the curriculum, especially between 2005 and 2018, have affected the
increase in the number of the numbers and operations themed articles in recent years.

Accordingly, when the mathematics curricula between 2005-2018 are examined, adding or
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omitting the periods or contents of gains of the subjects such as fractions, ratios, proportion,
natural numbers, and square root expressions in the scope of learning numbers and operations
at some grade levels increases the number of articles covered in this context can be seen as a
reason for this increase (MoNE, 2005; 2009; 2013; 2018).

When the articles were analyzed according to their methods, it was determined that the
researchers preferred to research with the qualitative approach and case study in their articles
most; this was followed by the articles designed with the quantitative and mixed approaches.
This may indicate that the researchers wished to explore the topics related to numbers and
operations in depth. It was seen in different studies examining various trends in mathematics
education that the case study pattern was preferred more than other patterns in qualitative
studies (Albayrak & Ciltas, 2017; Kutluca et al., 2018; Ozturan Sagirhi & Bas 2020; Yildiz &
Yenilmez, 2019). Besides, it was observed that the experimental and descriptive methods
came forward in the qualitative studies. On the other hand, in experimental studies, the
number of articles in which the achievement and skill concepts related to the topics,
particularly fractions/ operations with fractions and natural numbers/ operations with natural
numbers, can be regarded as a result of this case. In addition, the scale development, design
and activity development patterns were preferred less in the articles in which the quantitative
design was employed can be seen as a deficiency. Similarly, it was determined that the action
research, teaching experiment, phenomenology and phenomenological research patterns were
preferred relatively less, even in the articles in which the qualitative design was employed.

When the articles were examined according to their sample groups, the most studied
group was the secondary school level. This was followed by the articles carried out with
primary school level, pre-service teachers and teachers. It was noticed that the secondary
school level was studied more in the studies in the various trends examined in mathematics
education (Ar1 & Demir, 2020; Birgin & Oztiirk, 2021; Kandal & Bas, 2022; Ozturan Sagirli
& Bas, 2020; Toptas & Gozel, 2018; Yildiz & Yenilmez, 2019). Besides, as the class levels
studied most in the articles were analyzed, it was determined that 4th class levels in primary
school, 6th and 7th class levels in secondary school, and 3rd class levels in undergraduate
level were studied most. That the 4th class level was the level which was studied more within
the scope of primary school is thought to be originated from the fact that students’ literacy
and basic processing skills are provided up to this class level and that comprehensive topic
such as fractions and problems are handled at this class level. In addition, the students at the
last class levels at the secondary school and undergraduate levels study for the exams, which
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can be a reason the students in this group were less preferred by the researchers. In addition, it
was noticed that very few studies were carried out with pre-school students. This result of the
research demonstrates similarity with the study conducted by Ozturan Sagirli and Bas (2020).
In addition, it was seen that there was no study carried out with the postgraduate level,

academicians and parents.

When the articles were analyzed with their data collection tools, it was determined that
the most preferred data collection tools were questionnaires/ open-ended questionnaires/ tests/
scales and interviews. Achievement tests followed this. That the misconceptions of the
participants were dealt with more in the topics such as fractions/ operations with fractions,
natural numbers/ problem-posing related to operations with natural numbers (Arikan & Unal,
2013; Biber et al., 2013; Isik, 2011; Isik & Kar, 2012; Kilig, 2013; Soylu & Soylu, 2005) can
be presented as a result of this situation. In addition, this situation can be evaluated as a result
of the articles being designed with case patterns in qualitative research and experimental and

descriptive designs in quantitative research.

The articles’ most preferred data analysis methods in qualitative data analysis are the
content analysis method and the descriptive analysis method. A similar result was presented
in various research (Ozturan Sagirli & Bas, 2020; Yildiz & Yenilmez, 2019). Accordingly, it
can be claimed that the case study pattern used more in the qualitative studies was influential.
The quantitative data analysis preferred the independent samples t-test, descriptive statistics,
paired-samples t-test, and one-way variance analysis. This situation can indicate that
comparative analyses were made several times in the quantitative research. It is thought that
the researchers prefer these analysis methods because the investigated features are relatively
interpreted easier, and the transfer of the relationship between the variables to the reader can

be realized by fictionalizing more easily (Selguk et al., 2014).

When the articles were reviewed in terms of their publication languages, it was realized
that most of the reviewed articles were published in Turkish (81%). This was orderly followed
by the articles published in English with approximately 17% and both in Turkish and in
English with approximately 2%. It can be claimed that selecting only the articles conducted in
Turkey and published in educational journals in Turkey in the study sample is effective in the
high number of articles published in Turkish. A similar situation was observed to be
expressed in the content analysis studies in which the general trend in mathematics education
was investigated (Bas & Ozturan Sagirli, 2017; Ulutas & Ubuz, 2008; Ozturan Sagirli & Bas,
2020).
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When the articles were analyzed according to their sub-learning areas, it was noticed
that while mostly the addition and subtraction with natural numbers of operations were
studied at the primary school level, the sub-learning areas orderly as fractions, operations with
natural numbers and operations with fractions were studied at the secondary school level.
That the addition and subtraction operations were performed from the 1st class at the primary
school level; examining the relationship between these operations, determining their essential
characteristics, developing the problem-posing, and solving skills related to these operations
are among the targets that should be carried out in the curriculum (MoNE, 2018). This
situation, without doubt, is seen as a reason the addition and subtraction of natural numbers
are more emphasized in the articles at the primary school level. That the inclusion of numbers
and operations as a prerequisite in teaching abstract and advanced mathematical concepts
(Christou & Vosniadou, 2012; Vlassis, 2004), that fractions are one of the most difficult
concepts encountered by primary school children (Charalambous & Pinta-Pantazi, 2005;
Hansen, 2014) and that it forms the basic building block of many topics such as decimals,
percentages, and rational numbers within the scope of secondary school (NTCM, 2000) can

be seen among the reasons why researchers have focused on these issues.

Some recommendations below are thought to contribute to the literature from this

research results.

v It was noticed that there was no study with the postgraduate, academicians and
parents among the reviewed studies on numbers and operations. From this point, these sample
groups can be included in future research.

v"In the reviewed research, it was seen that the researchers focused on certain
research patterns, such as mostly experimental, descriptive or case studies. From this point,
the number of studies related to phenomenology, design, and scale development patterns can

be increased or considering the research results, a meta-analysis study can be conducted.
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Tiirkiye’de Yayimlanan Sayilar ve Islemler Ogrenme Alam1 Temah Makalelere

Tliskin Betimsel icerik Analizi
Ozet: Sayilar, gegmisten giiniimiize birgok calismada ve miifredatta genis yer bulmustur. Betimsel icerik
analizi yontemiyle tasarlanan arastirma kapsaminda iilkemizde yer alan 124 dergiye ait toplam 5021 say1
incelenerek 301 makale belirlenmis ve ulasilan veriler betimsel analiz yontemiyle analiz edilmistir. Analiz
sonucunda elde edilen sonuglar su sekildedir: Tiirkiye’de sayilar ve iglemler 6grenme alaninda ilk olarak 1986
yilinda yayinlanan makale sayilarmin 2013 yilindan itibaren genel olarak artis gostermeye basladigi
belirlenmistir. Incelenen makaleler daha ¢ok durum calismas: deseniyle tasarlanmus ve makalelerde en fazla
ortaokul 6rneklemi iizerinde c¢alisilmigtir. Ayrica ilkokul diizeyinde; en fazla dogal sayilarla toplama ve
¢ikarma islemi, ortaokul diizeyinde ise sirasiyla kesirler, dogal sayilarla ve kesirlerle islemler alt 6grenme
alanlari iizerinde ¢aligilmustir.

Anahtar kelimeler: Aritmetik islemler, Icerik analizi, Ogretim programu, Sayilar
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