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ABSTRACT

SECONDARY SCHOOL STUDENTS’ PROGRAMMING AND
COMPUTATIONAL THINKING SKILLS: TRADITIONAL AND
INTERDISCIPLINARY APPROACHES TO TEACHING PROGRAMMING

Altin, Rikiye
Ph.D., Department of Computer Education and Instructional Technology
Supervisor: Assoc. Prof. Dr. Tugba Tokel

February 2021, 264 pages

The focus on K-12 Computer Science education has increased in line with today’s
need for a population skilled in computational thinking, and with the growth in
careers that are within or at least related to the field of computer science. As such,
young learners should be introduced to computer science from an early age, as
programming is now considered by many to be an indispensable change to traditional
learning methods, and is seen as playing a significant role in the future career choices
of most school-aged learners. The current study aims to serve two main purposes.
First, the study focused on the effects of teaching programming, through both a
traditional and an interdisciplinary approach, on secondary school students’
programming skills and also on their computational thinking skills. Second, the study
examined how to involve mathematics as a second discipline in the teaching of
programming in order to assess the differences between programming skills

acquisition and retention.

The study presents a Quasi-Experimental research conducted on a large sample (N =
188), with four randomly assigned experimental groups and four randomly assigned

control groups. In this context, the study’s data were collected using three different
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scales; the Computer Programming Self-Efficacy Scale, the Computational Thinking
Skills Self-Efficacy Scale, and the Mathematics Attitude Scale, in addition to an
achievement test applied to students according to the programming language that
they were taught. Interviews were conducted with both the students and their teachers
in order to collect the study’s qualitative data. The study was applied with two
different sets of groups, with those in the experimental groups taught using an
interdisciplinary approach, whilst those in the control groups were taught according
to the traditional method. Both sets of groups were taught based on different lesson
plans, with the experimental groups taught programming with the integration of
mathematics, while the control groups were taught according to the traditional
single-discipline method. In total, 12 ICT teachers and two mathematics teachers

took an active part in the preparation of both lesson plans and the activities.

The study’s results showed that teaching programming with mathematics integrated
as an interdisciplinary approach increased both the students’ programming and
computational thinking skills. Additionally, the results showed that teaching
programming with the integration of mathematics affected the students’ learning
processes. According to retention results having notably increased for those students
who studied in the experimental groups, the learners maintained their newly learned
programming knowledge within their long-term memory. The current study is
therefore considered important in that it provides lesson plans for a secondary school
programming course that has been shown to positively affect students’ programming

learning.

Keywords: Programming for Children, Computational Thinking Skills, Algorithm,
Programming, Self-Efficacy, Visual Programming, Interdisciplinary Collaboration,
Computer Science in K-12
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0z

_ ORTAOKUL OGRENCILERININ PROGRAMLAMA VE BILGi
ISLEMSEL DUSUNME BECERILERi: PROGRAMLAMA OGRETIMINDE
GELENEKSEL VE DIiSIPLINLER ARASI YAKLASIM

Altin, Riikiye
Doktora, Bilgisayar ve Ogretim Teknolojileri Egitimi
Tez Yoneticisi: Dog. Dr. Tugba Tokel

Subat 2021, 264 sayfa

K-12’de Bilgisayar Bilimi egitimine odaklanma, giiniimiiziin bilgi islemsel diisiinme
konusunda yetenekli bir niifusa olan ihtiyaci ve bilgisayar bilimi alan1 dahilinde veya
en azindan alanla ilgili olan kariyerlerin biiylimesiyle ayn1 dogrultuda artmistir. Bu
nedenle, programlamanin artik bircok kisi tarafindan geleneksel Ogrenme
yontemlerinde vazgegilmez bir degisim olarak kabul edildigi ve okul cagindaki
ogrencilerin ¢ogunun gelecekteki kariyer se¢imlerinde onemli bir rol oynadigi
anlasildig1 icin, geng Ogrenciler, erken yaslardan itibaren bilgisayar bilimi ile
tanismalidir. Mevcut calisma iki ana amaca hizmet etmeyi amaclamaktadir. Ilk
olarak, ¢alisma, hem geleneksel hem de disiplinler arasi bir yaklagimla programlama
Ogretmenin ortaokul dgrencilerinin programlama becerileri ve ayrica bilgi islemsel
diisinme becerileri iizerindeki etkilerine odaklanmustir. Ikinci olarak, g¢alisma,
programlama becerilerini edinme ve Kkalict 06grenme arasindaki farklari
degerlendirmek i¢in matematigin programlama &gretimine ikinci bir disiplin olarak

nasil dahil edilecegini incelemistir.

Calisma, dort rastgele atanmis deney grubu ve dort rastgele atanmig kontrol grubu

ile biiyiilk bir 6rneklem (N = 188) iizerinde gerceklestirilen Yar1 Deneysel bir
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arastirmay1 sunmaktadir. Bu baglamda, ¢alismanin verileri, 6grencilere 6gretilen
programlama diline gére uygulanan bir kazanim testine ek olarak, Bilgisayar
Programlama Oz-Yeterlik Olgegi, Bilgi islemsel Diisiinme Becerileri Oz-Yeterlik
Olgegi ve Matematik Tutum Olgegi olmak iizere ii¢ farkli 6lgek kullanilarak
toplanmistir. Arastirmanin nitel verilerini toplamak i¢in hem Ogrencilerle hem de
Ogretmenleriyle goriismeler yapilmistir. Calisma, deney gruplarinda yer alanlara
disiplinler aras1 bir yaklasimin kullanilarak 6gretildigi ve kontrol grubundakilere ise
geleneksel yonteme gore ogretildigi iki farkli grup kiimesi ile uygulanmistir. Her iki
grup kiimesine de farkli ders planlarina gore 6gretilmis, deney gruplarina matematik
entegrasyonu ile programlama 6gretilirken, kontrol gruplarina geleneksel tek disiplin
yontemine gore ogretilmistir. Toplamda 12 Bilisim Teknolojileri 6gretmeni ve iki
matematik 0gretmeni hem ders planlarinin hem de etkinliklerin hazirlanmasinda

aktif rol almistir.

Yari-deneysel tasarim metodu kullanilarak (N = 188) uygulanan bu c¢alismada
rastgele atanan dort deneysel grup ve dort kontrol grubu ile ¢alisilmistir. Calismada
elde edilen veriler; “Bilgisayar Programlama Oz Yeterlilik Olgegi” , “Bilgi Islemsel
Diisiinme Becerileri Oz Yeterlilik Olgegi” ve “Matematik Tutum Olgegi” olmak
tizere ii¢ farkli dlcek ve bir “Programlama Kazanim Testi” ile elde edilmistir. Nitel
verileri toplamak i¢in hem 6grencilerle hem de dgretmenlerle goriismeler yapilmais;
calisma, disiplinler arasi is birligi yaklasimiyla programlamanin 6gretildigi deneysel
grup ve geleneksel 6gretim yontemleriyle programlamanin 6gretildigi kontrol grubu

olmak tizere iki grup ile yliriitilmustiir.

Calismanin sonuglari, disiplinler aras1 bir yaklagim olarak entegre edilmis matematik
ile programlama 6gretiminin hem 6grencilerin programlama hem de bilgi islemsel
diistinme becerilerini  artirdigini  gostermistir. Ayrica, sonuglar matematik
entegrasyonu ile programlama o&gretiminin Ogrencilerin  6grenme  siireglerini
etkiledigini gostermistir. Deney gruplarinda 6grenim goren 6grenciler i¢in dnemli
Ol¢iide artan akilda tutma sonuglarina gore, Ogrenenler yeni oOgrendikleri
programlama bilgilerini uzun siireli belleklerinde muhafaza etmislerdir. Bu nedenle
mevcut ¢aligma, dgrencilerin programlama 6grenmelerini olumlu yonde etkiledigi
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gosterilen bir ortaokul programlama dersi igin ders planlar1 sagladigindan dolayi

onemli kabul edilmektedir.

Anahtar Kelimeler: Cocuklar icin Programlama, Bilgi islemsel Diisiinme,
Algoritma, Programlama, Oz Yeterlilik, Gorsel Programlama, Disiplinler Aras s

Birligi, K-12’de Bilgisayar Bilimleri
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CHAPTER 1

INTRODUCTION

Educational technology has become a key element in today’s education due to the
necessities of dealing with the COVID-19 pandemic. Education systems worldwide
have had to abruptly change and this change has significantly increased the
importance of using educational technology, with teachers at all levels pushed to
their limits to adopt this new way of teaching. This new dimension raises the concept
of using technology and understanding the machine world not only in higher
education, but also at the K-12 school-age education level too. Due to the
requirements for online teaching of school-aged children during the pandemic, the
whole area of online teaching utilizing education technology has become an essential
skill for all. In order to understand today’s new world and technology-enhanced
learning, introducing computer science to learners at an early age is considered to be
vital. Therefore, the requirement for teaching programming to young students has
expanded significantly, with technology education now focused more on
programming at an early age as an important element in the development of
children’s higher-order and problem-solving skills (Dagdilelis et al., 2004). Brennan
(2017) described programming as specified codes that enable users to control the
activities of a computer. Educational technology literature highlights that
programming enables students to examine the nature of a problem, the structure of
its design, and the function of significant knowledge through the combined skills of
computational thinking and higher-order problem-solving. As programming requires
a significant level of knowledge and skills, methods of teaching are categorized in
terms of the environment, knowledge of the domain, and the choice of tools that are
employed for a specific task. These categories are significant to making the teaching
of the subject both effective and efficient, and to facilitating the learning of

programming (Smith et al., 1997).



Various scholars have attempted to find different activities to teach programming to
pupils in the easiest way possible. Worldwide initiatives through stakeholders such
as the Computer Science Teachers Association (CSTA), the International Society for
Technology in Education (ISTE), and the Association for Computing Machinery
(ACM) have seen computer science standards added to curricula, not only in higher
education, but also at all levels of K-12 instruction too. CSTA’s K-12 Computer
Science Standards highlights the significant influence of programming on
computational thinking, which helps students conceptualize a problem better and
allows them to select the best strategy and tool to improve their problem-solving
skills (Seehorn et al., 2013).

Programming education improves not only problem-solving skills, but also
computational thinking skills as well. Researchers have stated that everyone should
learn programming in order to gain a level of new skills for today’s world; providing
individuals with significant life-skills through the learning of programming enables
individuals to interact with computers, and to try to understand its concepts by
reading, writing, and debugging what is essentially computer-based code across all
areas of daily life (Duncan et al., 2014; Guzdial & DiSalvo, 2013; Kalelioglu &
Gulbahar, 2014; Resnick & Siegel, 2015; Thies & Vahrenhold, 2013; Tsan et al.,
2016). Wing (2006) indicated that computational thinking is not just the principle of
thinking and acting like a computer, but is far more than that by including feelings
and senses in relation to programming. Therefore, improving the programming skills

of students also enables them to improve their computational thinking skills.

The ISTE, CSTA, and ACM standards all state that providing interdisciplinary
examples to students during the learning of programming is considered important in
order to enlighten students about their future career choices, because it enables them
to create innovations and applications in numerous different areas, which may in turn
affect their choice of career (International Society for Technology in Education &
Computer Science Teachers Association, 2011). Therefore, the role of both
computational thinking and interdisciplinary collaboration is seen as significant to

the learning of programming.



Maloney et al., 2008 stated that all disciplines can benefit from computer science,
since it is determined that other disciplines are connected with computer science, yet,
it is important to have a good all-round education so as to provide learners with an
efficient environment which requires significant skills of collaborative working and
computational thinking. Scholars have stated that both the teaching and learning of
programming is not considered to be easy as it requires a deep understanding of the
problem in question, and solutions that follow a correct algorithmic course (Esteves
et al., 2008; Guzdial, 2004; Kelleher & Pausch, 2007; Maloney et al., 2008; Resnick
etal., 2009; Saeli et al., 2011). De Jesus Gomes et al. (2015) highlighted that learning
programming is seen as difficult because of the teaching method applied. Integrating
an interdisciplinary approach and real-life-based examples can therefore facilitate

the learning of programming, and thereby maximize learning retention in students.

1.1 Problem Statement

The ubiquitous presence of technology in modern daily life has become significant
for today’s younger generation, making them curious about computers and their
environment by understanding the way in which these machines actually work.
Angeli et al. (2016) indicated that the economic rationale is led by computer science,
requiring today’s employees to understand how to make machines communicate
through programming, and that this requires computer science to be tackled within
early age education, with curricula that includes new content in order to make the

subject easier for young minds to comprehend.

Programming is defined as the process of developing the source code of a device,
and then implementing the developed code to enable a device to undertake a
prescribed task (Kalelioglu, 2015; Rodriguez et al., 2017; Seng & Yatim, 2014; Tan
et al., 2014). Since computer technology is still expanding exponentially, its effect
on education and computational thinking has naturally increased significantly too.
Teaching programming is not considered to be easy because it requires the combined
skills of problem solving, critical thinking, creative thinking, and algorithmic

thinking, and that it is seen as much harder when it comes to teaching these skills to



younger students (Becker, 1993; Kelleher & Pausch, 2007; Mészarosova, 2015;
Miliszewska & Tan, 2007; Saeli et al., 2011). In order to facilitate the learning of
programming at an early age, educators seek out new methods and the most

appropriate programming applications.

The teaching of a programming language using traditional approach focuses more
on structure, syntax, and in the debugging of code. However, through such traditional
methods, students can only practice programming on small-scale problems, and on
specific examples in order to build a solution for a given problem, and thereby lacks
real-life-based examples in solving problems through the application of a
programming language. Previous researchers have stated that students do not possess
adequate skills to apply real-life contexts in their solutions, due in part to their own
lack of life experience and in real-life-based scenarios applied in the instruction they
receive (Jenkins, 2002; Lin et al., 2019, Ozmen & Altun, 2014; Sins et al., 2005;
Wing, 2006). Studies have shown that learning a programming language is more
about facilitation when it comes to different notations (Atmatzidou & Demetriadis,
2016; Saeli et al., 2011); hence, the biggest challenge in computer science education
programs is not just in terms of teaching methods, but in the learning of
programming. Accordingly, decades of research have stated that the major mistakes
encountered with the teaching of programming have been in not seeing problems as
a composition taken from real-life experience, and that whilst students know what
language to use, they do not know how to put it all together when attempting to solve
a problem due to a lack of concrete examples applied during their programming
training (Caspersen & Kolling, 2009; Oliveira Aureliano, 2013; Sins et al., 2005).

Within the rapid growth in technology seen in recent years, the importance of
programming education at early age has been recognized as significant for the future
job market and for the next generation’s career plans. This was felt more during the
COVID-19 pandemic period. Draganoiu et al. (2017) stated that the learning of
programming requires a significant level of problem-solving skill, because it
activates higher-order thinking skills that programmers need in order to solve
problems easier. In transferring abstract problems to the physical world, a second

discipline is needed. Interdisciplinary teaching and learning involves collaborative
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efforts that encompass multiple disciplines in attempting to understanding a problem
(Cassel, 2011; Mahadev & Connor, 2014). Since mathematics plays a significant role
in computer science, the combining of both programming and mathematics creates a
natural link between real-life problems and the ability and means to solving these
problems through the application of computer programming.

1.2 Significance of the Study

Within the current growth in technology, the needs of today’s employers for
employees who know how to program have increased. Hence, the learning of
programming is becoming not just popular at the higher education level in terms of
career choices, but for programming education at early age too in preparing today’s
students for the realities of tomorrow. Researchers have stated that knowing how to
program is considered a requirement as part of 21st-century skills which support
problem solving, algorithmic thinking, and computational thinking (Guzdial &
DiSalvo, 2013; Kafai & Burke, 2014; Saeli et al., 2011; Tsan et al., 2016; Wing,
2006).

The purpose of the current study is, therefore, to investigate the application of
mathematics as a secondary discipline in the teaching of programming to students at
a young age. This study aims to examine the influence of mathematics on
computational thinking and programming skills through an interdisciplinary
collaboration as part of learning programming. The study also aims to present how a
valuable collection of computer science education is important in secondary school
education by promoting interdisciplinary collaborative working, with activities
based on computational thinking. In a broader context, the study is aimed at
benefitting educators who teach programming at the secondary school level by
providing them with example lesson plans prepared not just according to traditional
approach of programming instruction, but based on the collaboration of mathematics

as an interdisciplinary subject.



1.3 Research Question

The current study is based on a primary research question, with four qualitative plus
two quantitative sub-questions. These primary and sub-research questions are as

follows:

1. What are the effects of teaching programming with a traditional approach
(TA) and an interdisciplinary approach (IA) on secondary school students’
attitudes, computational thinking skills, programming skills, and academic

achievement level?

a. Is there a significant difference between the TA and IA groups
according to their Mathematics Attitude Scale scores (MAS)?

b. Is there a significant difference between the TA and IA groups
according to their Computational Thinking Skills Self-Efficacy Scale
(CTSSES) scores?

c. Is there a significant difference between the TA and IA groups
according to their Computer Programming Self-Efficacy Scale
(CPSES) scores?

d. Isthere asignificant difference between the TA and IA groups in their
retention of Small Basic Programming Achievement Test (SBPAT)

results?

e. What do teachers think about the teaching of visual programming tool
using TA and IA methods?

f. What do students think about visual programming tool and its

processes?



1.4 Organization of the Study

In the first chapter of the study the problem statement, the purpose of the study,
research questions, significance of the study, and the definition of terms used in the
thesis are addressed. The study continues with Chapter Two, which provides a
literature review of interdisciplinary collaboration, computational thinking skills,
programming education, and how these are taught at an early age. Chapter Three
focuses on the methodology of the study, and provides detail about both the pilot and
main parts of the study. This includes the research design, the instruments used in
the study, the data analysis, and the methods applied to ensure the study’s reliability
and validity. Chapter Four details the findings of the study according to the research
questions, whilst the results are discussed in Chapter Five, along with the author’s

conclusions.






CHAPTER 2

LITERATURE REVIEW

2.1  What is Computational Thinking Skill?

The rising trend in improving the 21st-century skills of students through education
includes the skill of thinking like a computer. Thinking in the way that a computer
operates is termed as “Computational Thinking,” which is a term recognized since
the 1950s, along with the skills-based concept of problem solving (Denning, 2009;
Haseski et al., 2018; International Society for Technology in Education & Computer
Science Teachers Association, 2011; Kalelioglu et al., 2016). Even though there are
terms that define computational thinking, its meaning covers more than just thinking
in ways that a computer works. Beecher (2017) stated that defining computational
thinking is challenging, not because it includes a wide range of both abstract and

concrete principles.

Researchers have defined computational thinking as: a process which involves an
arriving at a solution for a given problem (Wing, 2008); a mental activity that
examines a problem and develops an automated solution (Yadav et al., 2017); the
mental process where problems are formulated with inputs and outputs through the
performing of an algorithm (Denning, 2009); and using computation for the purposes
of problem solving, as well as to explore and make new discoveries (Hemmendinger,
2010). On the other hand, computational thinking has been defined as a function of
the brain in terms of setting problems and formulating appropriate solutions,
understanding human behavior, and seeing problems in such a way whereby
computers can deliver the solution (Berry, 2015; Grover et al., 2014; Yadav et al.,
2014). The International Society for Technology in Education and the Computer

Science Teachers Association (2011) jointly stated that computational thinking can



be defined as formulating problems to use tools such as computers for identifying,
analyzing and representing data. From the similarities of these various definitive
statements, computational thinking can be defined in general as the ability to solve a
problem by utilizing an abstract, focusing on algorithmic design, and applying a

solution in collaboration with real-life activities.

Computational thinking is a method of solving problems that cannot be achieved
through just one singular outcome. Thus, computational thinking is a combination
that resolves a series of problems through prediction and abstraction (Baytak & Land,
2011; Grover & Pea, 2013; Kafai & Burke, 2014; Sengupta et al., 2013; Wing, 2006).
Even though programming seems an essential element for the improvement of
computational thinking skills, Grover and Pea (2013) stated that programming was
not the only means to improving computational thinking, as it also requires the

demonstration of activities which support higher-order thinking skills.

2.1.1 Characteristics of Computational Thinking

According to Selby and Woollard (2013), computational thinking encompasses two
important thinking skills areas, which are “logical thinking” and “algorithmic
thinking.” In terms of problem solving as a skills area, the relevant terms are
“problem solving” itself, as well as “analysis” and also “generalization.” For
computer science concepts, Selby stated the specific terms as being “systems
design,” “automation,” and “more general computer science concepts.” As to the
concept of imitation or representation, the specific terms that Selby put forward were

“modeling,” “simulation,” and “visualization.”

Researchers appear to agree that computational thinking skills can be improved not
just through programming and problem solving, but with visualization, and through
integrating problems that are based on real life, the active debugging of a programing
errors, and through abstraction (Armoni, 2011; Baytak & Land, 2011; Brennan &
Resnick, 2012; Kwon et al., 2012; Maloney et al., 2010; Selby, 2013; Wing, 2008).
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Wing (2006) put forward that the components of computational thinking skills are as

illustrated in Figure 1.

Problem
Reformulation

Recursion

Problem |
- Decomposition

~ Abstraction

Figure 1. Components of CTS (based on Wing, 2006)

Shute et al. (2017) then went on to further define Wing’s computational thinking

skills components as follows;

Problem reformulation: Rebuilding a problem into a new one in order to

solve it easier,

Recursion: Building a new set based on previous knowledge and

information,

Problem decomposition: Splitting the problem into smaller pieces so as to
manage it easier,

Abstraction: Shaping the main faces of a problem,
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e Systematic testing: Determining actions to solve problems in logical

aspects.

e Algorith design: Developing a step by step solution

Various studies have highlighted that what makes computational thinking different
from other forms of thinking such as engineering, systems, and mathematics, is that
computational thinking helps people to better understand a problem, without physical
limitation, through the creation of a model based on abstraction (Razzouk & Shute,
2012; Shute et al., 2010, 2017). Therefore, scholars agree that computational
thinking is not being able to think like a computer, but involves at least six
components of solving problems through the integration of cognitive processes
(Razzouk & Shute, 2012; Shute et al., 2010, 2017; Wing, 2006; Maloney et al., 2010;
Selby, 2013). Since computational thinking focuses on analyzing the whole system,
as a way of thinking how to facilitate problem solving more creatively, and is deemed
to not be limited by certain conditions, it can be said that computational thinking is
an overarching concept that covers not just algorithmic thinking and problem
solving, but also mathematical thinking, systems thinking, and engineering too
(Shute et al., 2017).

2.2  Computer Programming Education

Programming education has been trending rapidly worldwide due to the associated
positive effect on both the global economy, and also as a result of new and improved
technological advances. Programming refers to the writing of a set or series of
instructions and commands that a computer comprehends for the operation of a
specific task. Developing software is divided into two categories; from the
perspective of engineers or technicians, and from the educational perspective

according to its integration into modern-day pedagogy.

The engineering perspective’s focus is on professional software development, which

usually requires a systematic work plan with a team of engineers; whereas, the
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educational perspective focuses on individual development that is based on mental
models and recognized teaching methods integrated within an established

pedagogical approach (Robins et al., 2003).

Programming has been considered as one of the most compelling components of
today’s educational programs, especially within K-12 education. In other words,
people currently live in a digital era whereby computers are ubiquitous and represent
what has become an essential part of daily human life (Tsai et al., 2019). Every pupil
or student is entitled to some form of technological access, whether in the form of
laptop or desktop computers, or through the use of mobile solutions delivered to
tablet computers and smartphones. As a result, almost all solutions today have call
for some form of programming. However, the teaching of programming in schools
needs to be undertaken in accordance with the appropriate pedagogical perspective
and approach, and both educational designers as well as instructors and teachers
should be fully aware of the pedagogical concepts according to the developmental

stages of their target student group.

Scholars mostly agree that every single person should be aware of the importance of
programming, with many new careers now either directly or indirectly related to the
computer sciences (Duncan et al., 2014; Fojtik, 2014; Guzdial & DiSalvo, 2013;
Oliveira Aureliano, 2013). Hence, in a short film directed by Chilcott (2013), both
Apple Inc.’s late CEO Steve Jobs and Microsoft Corporation owner Bill Gates agreed
that everyone should learn how to compute a program as it teaches them how to
think, and that some form of basic code development provides learners with the
primary computing skills they require for almost any career of their choice in the
future. It is important to understand too, as Zhang (2017) insisted, that K-12
education systems are based on the “learn by doing” approach. This includes the
application of step-by-step instruction, which guides learners through the various
aspects of programming. As such, BASIC (Beginners’ All-purpose Symbolic
Instruction Code) can be described as an entry-level approach as the first step in

computer programming (Harvie et al., 2018). As an initiating point, learners learn to
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understand and appreciate programming through early steps that describe the subject
in easy, plain language. On the other hand, individuals should also learn to program
in order to improve their abilities in numerous other skills areas such as higher-order
thinking, critical thinking, creative thinking, and problem solving (Kalelioglu &
Gulbahar, 2014).

Besides its effect on students’ academic ability, programming helps them progress
in life, in a world hugely affected and influenced by endless new technological
innovation. Saez-L6pez et al. (2016) stated that programming has been integrated
throughout the K-12 curriculum (i.e., primary, secondary, and high school) in
countries such as Estonia, the United Kingdom, Sweden, and in Finland. Until
recently, programming in Turkey was mostly associated with graduate level
education. However, based on the new trends of the last decade, and with increased
popularity of events such as “Hour of Code,” “Code Week,” “FIRST Lego League,”
“World Robot Olympiad,” and the “Bebras Challenges,” the learning of
programming in Turkey has now been made available to children as from the age of
10 years old. The reason that programming has been integrated into the Turkish
educational system is to help youngsters to become less afraid of computer science,
and to bring their attention to the importance of programming in today’s world from

an early age (Karabak & Giines, 2013).

The acquisition of computer programming knowledge among K-12 students fosters
a general broadening of skill as well as increasing overall educational understanding.
This knowledge is deemed to be important in shaping the students’ aspirations and
to their daily thoughts on making the world a better place for them individually, for
their family and friends, and for others too. Swacha and Baszuro (2013) stated that
the learning of programming skills can change the minds of many students in positive
terms with regards to the careers they may pursue later on in life. Ideally, such
knowledge broadens their understanding and enhances their 1Q as well. Skills

associated with computer programming also help students to more easily complete
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simple day-to-day activities such as word processing, email correspondence, online

educational studies, and conducting Internet-based research.

As students’ progress through to the higher stages of the K-12 education system, they
should be able to describe the various challenges that can be solved through
programming. Students are then required to describe the challenges in a format that
can be translated into code, and then emulate the code that they need to come up
with. Thereby, as learners increase their knowledge within the K-12 education
ladder, they should be able to understand much of what is incorporated in coding,
including control structures, variables, methods, and input files, etc. (Swacha &
Baszuro, 2013). Building confidence and choosing the correct tools are also seen as
essential aspects of teaching programming among K-12 students. During the earlier
stages, learners should be introduced to easy-to-use tools such as Thonny for python
IDE and repl for online IDE, since neither require any form of installation nor rely
on in-depth instruction. On the other hand, the right types of tools should be used in
order to promote confidence through usage (Murata & Kakeshita, 2016). This
approach should be taken in steps so as to promote easy understanding among young
learners and to foster their skills for future induction to the complexities of computer

programming.

Guzdial and Morrison (2016) stated that a variety of people who learn how to
program become interested in the area because of the level of growth seen in the
software industry. Whilst most programming platforms are comprehensible to
students at the undergraduate level, teaching programming learning to younger aged
children can be challenging for teachers. The following subsections outline
programming education for early ages, the relationship between programming and
computational thinking, and the programming tools used by students at the K-12

level.
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2.2.1 Programming Education for Early Ages

Both teaching and learning programming has been said to be difficult due to the
requirements of the skills involved (Bennedsen & Caspersen, 2007; Bornat &
Dehnadi, 2008; Guzdial & Forte, 2005; Jenkins, 2002; Mazman & Altun, 2013;
Ozmen & Altun, 2014). Thus, teachers seek new ways to teach programming that
are easier, not just for young students but also for undergraduates as well. De Raadt
et al. (2002) stated that it is difficult to learn how to program, hence teachers are
looking for new methods to facilitate the learning of programming through
motivating and supporting students according to their needs and learning styles.
Studies have indicated that in order to help undergraduate students struggle less with
programming, the fundamental logic involved should be taught at a much earlier age
(Guzdial & Forte, 2005; Karabak & Giines, 2013; Malan & Leitner, 2007; Resnick
et al., 2009; Vatansever & Baltact Goktalay, 2018).

Learning programming at an early age enables students to learn how to follow
algorithms, to be more creative in their thinking by reflecting problems in different
ways, and in developing and applying higher-order skills to describe their direction
of thought whilst solving problems (Clements & Gullo, 1984; Gorman & Bourne,
1983; Grover & Pea, 2013; Karabak & Giines, 2013). Since the importance of
learning programming at an early age has become more popular, school curricula
related to programming has begun to be developed and introduced at the K-12 level.
Besides countries such as Sweden, Austria, the Netherlands, the United Kingdom,
Australia, Germany, and the United States, Turkey has also introduced programming
into its K-12 curricula as a means to raising its importance (Battal & Tokel, 2020;
Gal-Ezer & Stephenson, 2014; Kalelioglu & Giilbahar, 2014; Saez-L6pez et al.,
2016; Yadav et al., 2017).

Programming influences society, and today’s youth are starting to be prepared to face
the modern technologies of the future by learning programming through easier

methods. Programming is present in every contemporary field of life, and should
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therefore be learned at an early age in order to help children better understand
mathematics and science, to be able to command higher-order problem-solving
skills, and to be better able to deal with understanding the world in which we live, as
well as that of tomorrow. Programming establishes a new sense in students, enabling
them to establish links between different salient disciplines (Saeli et al., 2011). In
addition, Kelleher and Pausch (2007) argued that programming can be learned at any
age if the mechanics of the programming taught are simple to learn and to use, and
that feedback is given and adequate support provided to learners in order to increase
their motivation to learn programming. Programming is also important because it
provides the means for programmers to make machines “talk,” which helps others to
observe how computers process the commands they receive. Berry (2015) wrote in
the “QuickStart: Computing Primary Handbook” that programming presents a great
chance to test out our ideas with immediate feedback. Thus, programming helps
children to think with higher-order skills, set an idea in play, apply it in order to test
it, and further develop it according to the feedback received, which represents an
opportunity to increase learning motivation through the visualization of a product as

an outcome.

Teaching programming to today’s young students requires being aware of the latest
curricula changes, including ACM’s K-12 curriculum, ISTE’s Computer Science
Standards, and CSTA’s K-12 model, and requires knowing how to promote
programming so as to attract the attention of students by teaching it creatively (Porter
et al., 2013; Saeli et al., 2011; Ward & Parr, 2010; Winslow, 1996). Holmboe et al.
(2001) also stated that teaching should not just be about the transference of computer
science technical knowledge to students, but that teachers should be aware of the
required pedagogical content knowledge whilst teaching programming to their
students. Thus, when secondary school students are taught how to program, besides
gaining the requisite technical knowledge, they do so in collaboration with other
disciplines. Saeli et al. (2011) claimed that teaching programming is not just about

the inclusion of informatics in lesson plans, but linking informatics with
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mathematics, physics, and also engineering, which are each influential to the learning

of computational thinking skills.

Therefore, the questions to be addressed are, how can pedagogy be included in
programming courses, and what ways can teaching programming be effectively and
efficiently conducted with secondary school students? Grover et al. (2014) stated that
“CS unplugged” (Computer Science Unplugged; teaching material based on
engaging games and puzzles) should be used while introducing programming to
young students, because it provides significant activities to help students learn about
the nature of computer science. On the other hand, Kelleher and Pausch (2007) stated
that storytelling-based projects can make the learning of programming much easier
because it engages students through motivation and creative thinking. Thus, studies
in the literature have shown how both CS unplugged and storytelling-based activities
can enhance the motivation of students towards the learning of programming (Burke
& Kafai, 2010; Feaster et al., 2011; Taub et al., 2012; Theis & Vahrenhold, 2013;
Werner et al., 2012).

Even though programming is suggested to be taught at an early age, it is argued,
however, that the aim of professional programmers and K-12 educators are quite
different. The gap regarding how to teach programming to younger students
compared to adult professionals has been steadily growing, with scholars still
looking for the best methods to facilitate the learning of programming. Battal (2018)
stated that educators should collaborate both with computer scientists and also with
teachers from other disciplines in order to address this gap as interdisciplinary
collaboration has been suggested as a means to making programming easier to learn.
But why is it considered so important to learn programming at an early age? Guzdial
(2015) developed six important ideals as to why teaching programming to young

students is important, as shown in Figure 2.
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Figure 2. Reasons to Teach Programming to Young Learners
(based on Guzdial, 2015)

In terms of gaining employment, Guzdial (2015) highlights that the growth seen in
the field of computer-based technology requires highly skilled employees in the field
of computer science, and that new careers will be based on computing knowledge.
The second reason mentioned was with regard to “learning about the world.”
Computing is now part of our lives and, because we live in a computational world,
students must learn and understand computing in order to communicate in the
language of the era. Third, learning programming increases the ability of
computational thinking, as it links problem solving and creative thinking.
Computational literacy was stated as the fourth goal of learning programming, since
computers and technology are the new media; therefore, to understand its literacy is
one of the fundamental requirements of familiarization with the domain of modern

computing. The next goal that Guzdial (2015) mentioned was the importance of
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productivity. In order to fabricate products related to computers and to find
employment in this new career area, learning programming has become an essential
step as people not just use computers, they are starting to think about the functionality
in order to achieve much more than just computing. The final reason Guzdial put
forward as to why programming should be learned is to broaden participation.
Learning programming should be for everyone and everyone should be treated

equally without discrimination.

2.2.2 The Relation between Computational Thinking and Computer
Science

Computational thinking requires understanding the concepts that offer knowledge to
the community. Learning programming languages is one aspect that is used to ensure
that positive effects can be achieved for the community, and what follows are the
effects of that learning. One of the impacts of learning programming is that it
provides knowledge to design systems that are used in today’s business world.
Another result is that through learning to program with computational skills,
individuals can understand the various behaviors portrayed by others in the
community (Howland et al., 2009). Programming learning is also essential to the
community as it helps learners to solve problems in society. Individuals who learn
computational languages gain a wider knowledge that is used to interact with
computer-related systems. These impacts therefore profoundly contribute to their

computational thinking and academic growth.

The concepts of learning programming and computer skills are highly interrelated.
Computer skills are those that help individuals to understand the learning of
programming. Also, through learning to program, students can learn a high level of
computer skills that can be utilized in solving real-life problems. These two interact
in order to help in the growth of students who learn these skills (Cansu & Cansu,
2019). According to Wing (2006), although computational thinking and computer

science are two different disciplines, students can gain the opportunity to improve
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their computational thinking skills whilst learning to program. Also, students learn
to think based on the computational skills gained in their learning. Learning
programming depends on the knowledge of computational skills, which are highly
significant to the learning of programming. The two aspects therefore require each
other in order for the educational objectives to be achieved.

Studies have indicated that computer science enables people to utilize their skills of
algorithmic thinking, critical thinking, and problem solving, which are each concepts
used in the transference of computational thinking into real-life solutions (Aho,
2012; Czerkawski & Lyman, 2015; loannidou et al., 2011; Israel et al., 2015; Wing,
2006). Grover and Pea (2013) stated that computational thinking focuses on decaying
a problem and then generalizing it into patterns; which of course is just the same as
applied in computer science, whereby programmers correct coding errors through
debugging and recursive thinking. Computer science promotes computational
thinking skills because both have the same primary aims, which are problem solving,
thinking critically, and thinking creatively. Features related to the learning of
programming that involve computational skills require that programmers are in a
position to define specific and precise instructions. First, step-by-step instructions
are written that can then be used as the basis for designing a program. The program
structure is then developed as applicable in order to solve the issues presented in the
professional dimension. Another feature is the ability to project a system constituted
of different elements that defines the areas that need to be addressed in the program.
These components of the program vary, but should not overlap in their functionality
(Kurilovas & Dagiene, 2016). Systems should therefore be easy to understand, and
thereby function as would a computer in the eyes of the user. The other element of
learning programming is the ability to understand complex systems of behaviors, as
portrayed through the interactions of computational skills and programming
language learning. Also, the programmer should have the ability to design a system
that reveals operations and information related to the original problem or task. In

general, computational thinking is the ability to organize and analyze data logically.

21



Once a problem has been identified and appropriately analyzed, then, potential

solutions may be put forward in order to solve the problem.

Barr and Stephenson (2011) highlighted that computer science has an important role
to play in the wider community, because it improves a person’s algorithmic thinking
skills through problem solving and it helps communities to integrate computational
thinking methods automatically based on natural interdisciplinary relations. Also,
Hemmendinger (2010) indicated that computer science and computational thinking
share many disciplines such as constructing, modeling, and debugging errors, as well
as analyzing them through a constructive and organized approach. Thus, when an
instructor sets a course in computer science, they will automatically design a course

within which computational thinking is integrated.

Lu and Fletcher (2009) stated in their research that computational thinking in terms
of its pedagogical approach is related to teaching the basics of algorithmic thinking,
because the focus is all about reading and writing the individual steps of a problem
in order to solve it critically and coherently. Researchers have focused, therefore, on
how to improve different skills’ fields through the integration of interdisciplinary
collaboration. According to Cinar and Tlzin (2017), disciplines that involve
robotics, programming-based building bricks, and digital gaming activates learners’
computational thinking skills. Therefore, the role of programming in terms of
computational thinking cannot be denied, because it both serves the building of 21st-
century skills (Alsancak Sirakaya, 2019) and algorithmic thinking skills in terms of
debugging, problem solving, as well as simulation and visualization (Kazimoglu et
al., 2012).

Computational thinking is considered to work well at the K-12 level in ensuring that

certain pedagogical objectives are met. Instructors who teach computer-based

thinking have introduced certain changes to K-12 curricula as a means to

contributing to the students’ understanding of these concepts. At this level, exams

are aimed at ensuring students understand the ideas behind computer-based thinking

(Sands et al., 2018). Information technology as a domain significantly requires that
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computational thinking skills are developed throughout K-12 education in order to
realize the expected levels that today’s employers demand in terms of achievement
in computational skills. K-12 education is therefore utilized so as to extend students’
knowledge about computers based on established modeling phenomena, and the
designing of efficient and effective algorithms. The K-1 school year is considered
vital in terms of the learning of initial computational skills and, therefore, necessary
changes to the curricula should be implemented in the computer sciences area to

enhance learning in young students.

2.2.3 Programming Tools for K-12 Students

Having the title of computer programmer has become ever more popular due to the
technological growth seen in recent times. Parallel to this increased popularity, the
development of new programming tools has also experienced significant growth too,
and especially so in the field of educational tools. Numerous tools now exist that
enable students, both young and adult, to learn how to program easily due to their
user-friendly interfaces. Scholars have stated that programming learners include a
wide age range due to the varied career positions now available based on computer
technology. This learners’ age range now starts from kindergarten, and progresses
right through to higher and graduate education (Guzdial, 2015; Kalelioglu &
Gulbahar, 2014; Karabak & Giines, 2013; Vatansever & Baltac1 Goktalay, 2018).
Examples of some of the programming tools now used in K-12 education are

provided in Table 1.
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Table 1. Programming Tools for K-12 Students

Level Programming tool
Kindergarten Code.org, Scratch Jr.
Elementary school Kodable, Scratch, Tynker, SpriteBox Coding, Code.org

Kodu Game Lab, Small Basic, App Inventor, Alice, Code.org,
Secondary school LEGO MindStorms, O-Bot, mBlock, Minecraft for Education,
Hopscotch, Codemonkey

High school Python, CoSpaces Edu, Arduino, KOOV

Code.org

The Code.org platform was launched in 2013, and was aimed at teaching younger
learners how to program through simple “drag and drop” programming. The
advantages of this type of tool are its widespread availability, now offered in 56
languages, and its design which is based on popular games or movies such as Angry
Birds, MineCraft, Star Wars, Frozen, etc., which naturally make the product
attractive to young students. The CEO of Code.org, Hadi Partovi, established the
non-profit educational organization for the purposes of teaching algorithm,
conditions, and the fundamentals of programming to children in a fun way. Support
for the platform has been garnered from politicians such as former US President
Barack Obama, technology idols such as Microsoft Corporation’s CEO Bill Gates,
Facebook Inc.’s CEO Mark Zuckerberg, DropBox Inc.’s CEO Drew Houston, and
Cofounder of the Valve Corporation Gabe Logan Newell. Partovi’s Hour of Code
activities have also received widespread support from celebrities such as Shakira,

Ashton Kutcher, will.i.am, and Chris Bosh.

Scratch Jr. and Scratch

Both Scratch Jr., which was developed for children aged 5 to 7 years old, and Scratch,

aimed at children aged 8 to 16 years old, are free programming languages developed
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by the Massachusetts Institute of Technology (MIT) that aim to teach children
programming through interactive stories, animations, and games using the “block-
coding” method. The visual environments of Scratch provide young programming
learners with the opportunity to explore and develop basic programming sets. Good
(2011) stated that the most clear benefit of Scratch is that it does not require any prior
knowledge about programming, due to its use of the drag and drop programming
method. Both of the Scratch tools are now in common use across more than 150
countries worldwide, providing access in more than 40 languages and therefore a
considerable advantage for many new learners. Scratch has been shown to have a
positive effect on the computational thinking skills of its users; largely due to the
founding concept and its development having been based on the LOGO project,
which included a constructivist theoretical approach in that learners learn by

themselves (Sdez-Lopez et al., 2016).

Tynker

Tynker for schools was launched in 2013, and was aimed at teaching children to
create games and programs by dragging and dropping code blocks. Its design and
basic principles are based on Scratch, with the only difference being that Scratch is
free and open-source, whilst Tynker is a commercial tool. It includes different types
of courses for coding such as simple coding, game design, and even robotics. Also,
it follows a hierarchical design according to the different ages and development
levels of its users. For example, children in the 5 to 7 years old age group learn to
solve logic problems and create simple applications, whilst 7 to 13 year olds
construct games and explore the multidisciplinary STEM subject. For users aged
over 13 years old, they learn HTML, CSS, JavaScript, and Python, which are more
advanced programming and script languages. Tynker offers users self-paced learning
that is therefore appropriate for all different levels. It can also be used on different
media such the web browser of a desktop or laptop personal computer, or by using a
mobile application on a tablet computer or smartphone. The tool received financial

support from both angel investors (individuals) and institutional investors. Also
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many brands work in cooperation with Tynker, including Google, Lego, Microsoft,

Minecraft, Facebook, and Apple, etc.

Microsoft Small Basic

Small Basic version 1.1 which is a programming language associated with the

“integrated development environment” (IDE) was released by Microsoft, in 2015.

Microsoft Small Basic is a simple BASIC programming environment designed
specifically for kids to help prepare them for more complex programming
languages like Visual Basic, Visual C# and Java. Small Basic also includes a
‘graduate code ’ button which automatically converts the student’s source code
into Microsoft Visual Basic. (Conrod & Tylee, 2013)

BASIC here stands for Beginner’s All-purpose Symbolic Instruction Code. The aim
of Small Basic is the provision of a programming language with an easy and user-
friendly interface that uses 14 keywords for beginners during their transition from
block-based coding to text-based coding. As such, it forces students to employ
higher-order thinking skills because of the method set as text-based coding. Students
can advance using mathematics libraries that are embedded into Small Basic in order
to facilitate the coding of functions. Also, it supports basic data types such as strings,

integers, and decimals.

App Inventor

Developed by Google in 2010, App Inventor is an open-source, free programming
tool that is maintained by MIT to enable beginners to create software applications
for Android and 10S. Just like Scratch and Tynker, App Inventor is a visual block-
based programming language. It has two major windows which are the “component
designer” and a “blocks editor.” The component designer enables users to interface
with the application they are developing, whilst the blocks editor is used to define
the behaviors of application. Wolber (2011) stated that App Inventor adds real-life
impact to developing a program, because it provides the ability to create applications
based on users’ real-life needs. App Inventor also provides opportunities to those
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who are feeling creative and eager to create solutions to real-life problems through
the use of mobile technology applications (Pokress & Veiga, 2013). Moreover, App
Inventor is deemed useful because it creates an environment in which students can
open their minds to consider their future career direction as they become mobile
application problem solvers.

Alice

Developed by Carnegie Mellon University, Alice is a block and microworld
programming language that engages learners using 3D graphics, enabling them to
develop interactive stories, animations, as well as animated videos and games. Its
purpose is to enable students from elementary education right through to university
level to create computer animations using 3D models. Named after Lewis Carroll’s
classic, “Alice’s Adventures in Wonderland,” the application was designed to be
easy to use and a fun coding experience, with both learners and instructors having
benefit from Alice. With its wide-ranging application, Alice has been applied at the
introductory level right through to actual programming, and especially within the
scenario of “storytelling.” With its IDE association, there is no need for users to
remember syntax, which is a considerable advantage for both younger learners and
beginners of any age. Reports have stated that Alice has been used not only at the K-
12 level, but also for undergraduate studies in order to provide learners with the
opportunity to succeed in the basic “Computer Science 1” course (Fincher et al.,
2010). Alice is a free programming tool, and is supported by Oracle, Disney, Google,

Microsoft, Intel, Pixar, Python, and the National Science Foundation.

2.3 Interdisciplinary Approach in Education

Interdisciplinary teaching/learning refers to the collaborative efforts involving
multiple disciplines in order to understand a problem (Cassel, 2011; Mahadev &
Conner, 2014). According to Repko and Szostak (2020), “interdisciplinary studies
IS not a passing fad, it is here to stay” (p. 23). Interdisciplinary instruction makes

learners force their cognitive abilities and facilitates higher-order thinking skills as
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they have to consider multiple disciplines. Due to its significant benefits, curricula
based on the 1A is growing rapidly. Research has shown that interdisciplinary studies
provide learners with the chance to gain abilities in the awareness of research or
researcher bias, thinking critically about topics, tolerating uncertainty due to
collaborative team-studies and working arrangements, and increased mindfulness of
research ethics (Borrego & Newswander, 2010; Cassel, 2011; Newell, 1992).
Learners may recall prior knowledge easier because the 1A encourages them to think

in more than one discipline.

Establishing a bridge between two disciplines while teaching can be a very effective
method of enhancing the learning process as it provides students with a diverse
viewpoint on various topics during their learning activities. Interdisciplinary projects
require students to think broader, helping them to approach problems with creative
solutions that involve multiple disciplines. Goldsmith etal. (2018) studied the
importance of the 1A in education, and indicated that having a singular discipline in
lessons limits the perspectives of learners, because they start thinking only in one
particular norm without questioning any connections to other disciplines. However,
the involvement of multiple disciplines in education can activate and foster deep
understanding of issues and topics, because it challenges learners to demonstrate
significant effort in order to correctly establish connections. Since interdisciplinarity
helps to promote the understanding of complexity (Newell, 2007), it can establish an
environment whereby the curriculum facilitates learning through the collaboration of

multiple disciplines.

Lou et al. (2011) stated that real-world problems can be solved better with
multidisciplinary thinking methods, and that STEM education as established in order
to cope with this level of complexity by integrating multiple disciplines. This
approach can provide students with the opportunity of applying knowledge from
different areas into practice. Multidisciplinary collaboration is regularly applied in
the solving of real-world problems, and its effect on education was established during

the late 20th century (Nicolescu, 1999). Today’s educational perspective requires
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individuals to build knowledge through questioning, researching, and analyzing
varied sources of information found via their educators. With the integration of the
IA in education, information from different disciplines is combined in order to make

the new knowledge more meaningful to the learner (Aydin & Balim, 2005).

The most important part of integrating the multidisciplinary approach into curricula
is building upon new information by giving different meanings to knowledge sourced
from other disciplines. As such, students may not feel themselves as applying a
certain method, but that they will improve their own means of learning in order to
obtain knowledge (Borrego & Newswander, 2010; Goldsmith et al., 2018; Newell,
1992). Therefore, the interdisciplinary teaching approach can be used in all different
levels of educational curricula as a key method that develops knowledge from a
lower to a higher level (Jones, 2010), with interdisciplinary methods helping learners
make knowledge permanent and aid their goals in lifelong learning (Cai & Sankaran,
2015).

2.3.1 Interdisciplinary Collaboration of Mathematics and Computer

Science

Interdisciplinary collaboration while teaching programming is considered to be a
very effective means of reducing the intensity of learning a technical subject. Burns
et al. (2012) stated that interdisciplinary collaboration in programming learning is
shrouded in controversy, with instructors aiming to outline the importance of having
a second discipline to find out how the mode of transferring knowledge to learners
rendered as different from traditional teaching. Since programming is a complex
computer science discipline where learners are taught how to solve complex
problems by designing and creating computer programs (Celedon-Pattichis et al.,
2013), the discipline is actually applicable to all activities that entail the giving of
instructions to various computer aspects, hence the creation of computer programs

plays a crucial role in technology (Guzdial, 2015).
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Mathematics, on the other hand, is a broad discipline in which individuals learn to
use critical thinking and spatial reasoning in order to solve mathematical problems
(Park & Mills, 2014). In K-12 education, mathematics and computer science are
addressed as two distinct subjects; although in actuality, the two disciplines have
more in common than many would assume, with modern computer science topics
dealt with using techniques that are related or derived from mathematics. The most
common attribute of programming is the definition of logic statements to reduce the
complexity of solutions to various real-life true or false statements. The
mathematical representation of this programming aspect is the use of numbers “1”
and “0,” where “1 implies true” and “0 implies false”. Cheng (1972) indicated that
both mathematics and computer science somehow interacts with other disciplines;
however, the relationship between these two sciences is undeniable and much more

than just systematic.

First, the basic level where mathematics manifests in computer science is in the
binary system of communication. Furthermore, emphasizing this relationship in K-
12 education is paramount. Essentially, computers communicate mostly with their
constituent parts and other computers using binary algorithms. This system of
communication is made up of a sequence of Os and 1s, which computers create and
decrypt as a means to sending and receiving messages (Amiri & Nikoukar, 2011).
Thus, in order to acquire a basic understanding of the workings of a computer, a
simple understanding of mathematics is needed. In short, emphasizing this
connection at the K-12 level is important as a means to encouraging students to
embrace both disciplines. Herbsleb (2005) stated that in order to cope with the
complexity of programming, disciplines related with the features of programming,
such as mathematics, should be included as a means to understanding the content and
to increase and make easier the delivery of knowledge. Scholars have found that
individuals with an understanding of mathematics are noted to achieve a deeper
understanding of programming, and the literature shows that a connection between

mathematics and computer science facilitates learning, because both disciplines are
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aimed at understanding a problem and build their solutions logically (Burns et al.,
2012; Graham & Fennell, 2001; Lu & Fletcher, 2009; Pruski & Friedman, 2014).

Second, the overall link between computer science and mathematics is emphasized
according to the role of the computer as a “calculator” and problem solver. However,
K-12 students need to learn that computers alone cannot solve problems, and that
they require the application of conscious knowledge. Computers were created in
order to make certain tasks in life easier; for example, simplifying complex and
lengthy calculations, identifying trends, and processing data On the one hand, these
processes are based on largely mathematical data; however, computers can complete
these tasks or solve problems through the application of mathematical calculations.
These processes are conducted by computers at the logical level, hence, conscious
intelligence or knowledge is needed in order to guide or guarantee the accuracy of
the output data (Denning et al., 2017). It is for this reason that linking computer
science and mathematics is deemed significant at an early stage in the K-12 process
S0 as to prepare students who can use and interact with computers at both the logical

and conscious levels.

Since mathematics is a discipline that entails comprehensive problem-solving
interactions, this attribute creates an environment where individuals can learn more
about problem solving, whilst dealing with various problem types. This necessitates
a significant relationship between mathematics and programming, because
programming entails the creation of code that attempts to solve various problems
using computer applications (Burns et al., 2012). Knuth (1974) stated that many
individuals working in computer science-related careers are also working in
mathematics, because the core concepts behind a computer’s algorithms are all about
mathematics. Instructors with vast mathematical knowledge provide programming
learners with problem-solving techniques that incorporate mathematical viewpoints,
which is crucial in defining appropriate solution options. Problems related to
mathematics provide learners with opportunities to test their programming skills

according to real-life problems. This is attributed to the unprecedented rate of
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technological growth as learners are becoming more innovative due to their exposure
to creating solutions to problems that indirectly affect the society in which they live.
Collaboration between programming and mathematics aids the creation of
environments whereby learners are guided to be more innovative. The process
requires facilitation to guide the application of their programming skills and technical

interpretation of problems using mathematical viewpoints.

Scholars agree that a core of mathematics plays a significant role on the
understanding of computer science, because both disciplines use powerful reasoning
and find solutions through critical definition (Bruce et al., 2003; Havill & Ludwig,
2007; LeBlanc & Leibowitz, 2006). Mathematics entails understanding various
problems and using powerful reasoning in order to develop and define mathematical
solutions. As a joint department, the collaboration of mathematics and computer
science increases the skills of learners’ mathematical problem solving and
programming in two ways, and is considered a means to broadening a learner’s
viewpoint. Put simply, interdisciplinary collaboration enhances the cognitive
abilities of learners by empowering them with the ability to comprehend different
viewpoints for a single scenario (Stozhko et al., 2015). Most programmers are
inclined to a monotonous environment that comprises of long hours writing code
(Jaccheri & Sindre, 2007). Mathematicians, on the other hand, use critical thinking
to solve mathematical problems. Establishing a comparison between the two
disciplines is a very effective way of merging the two personalities in order to create
an individual who acquires a diverse viewpoint of the environment, the problems as
well as the opportunities created by the problems, and their numerous programmatic

and mathematical solution options.

In summary, there are several characteristics that link computer science and
mathematics. The first is the binary nature of computer-based communication that
uses mathematical concepts. The second reason is the purpose and function of the
computer. Computers depend on mathematical input data in order to generate

processed output that relies upon mathematical data and methods. Introducing

32



students early to these relationships at the K-12 level will give rise to a generation

that thrive on big data and the technological era of the future.

2.3.2 Integrating Computational Thinking in Mathematics Education

Computational thinking can be related with many different forms due to having such
a varied components list. Gadanidis et al. (2017) stated three main areas where
computational thinking can be used, as computer programming through visuals on a
screen, controlling digital forms such as robots and circuits, and in using algorithms
during problem solving. Since computational thinking has a component of problem

solving, it has a natural interaction with mathematics.

Educational leaders have sought to change the traditional system of mathematics
education and to incorporate computational thinking skills, as opposed to the
traditional procedural learning method in order to help today’s students to be better
equipped for their future career. Computational thinking has a clear role in this
approach as it helps students to gain skills such as logical thinking, creating
algorithms, and decomposition where students are able to break mathematical
problems down into component parts in order to solve them (Berry & Csizmadia,
2016). Students can thereby solve mathematical problems from a different approach
by creating algorithms through coding which help them to solve mathematical
problems (Gadanidis et al., 2017; Martinelli, 2020). While creating these algorithms,
students may discover new concepts that they may not have otherwise encountered
in the procedural method of learning, thus helping them to develop critical-thinking

and pattern-finding skills that can help elevate their level of understanding.

Integrating computational thinking into mathematic courses provides students with
the opportunity to practice four main components; data practicing, modeling and
simulating, creative problem solving, and systematic thinking (Weintrop et al.,
2016). Therefore, the integration of computational thinking into mathematics
education helps students to practice patience and persistence as they may encounter

errors and challenges in their work due to enabling more than one skill at the same
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time. Also, computational thinking integration provides the opportunity for more
guidance from empirical research to both educators and students through STEM
practices. Computational thinking provides students with a sense of achievement as
they feel they have accomplished a significant task, having solved mathematical
problems from scratch and having gained a much deeper understanding of the topic
at hand. It also helps them to acquire skills that may prove of significant use in the
future while job seeking in a world that is continually evolving and with everything

shifting towards a more digitalized era.

Wing (2006) highlighted that the integration of computational thinking is important
so as to facilitate the skills of reading, writing, and arithmetic, which ultimately drive
a child’s analytical ability. Mathematics is considered to play an important role in
analytical ability because it acts as a bridge between critical thinking and problem
solving. Supporting students’ mathematics education at the elementary level of
schooling, Gadanidis (2017) suggested the integration of computational thinking in
mathematics courses because it supports students not only in their problem-solving
skills, but also in their abstraction and automation skills as well. This integration also
helps to create a bridge between the students and their teacher; thus, creating an
avenue whereby the teacher can fully understand and better see how their students
are thinking in response to a given problem (Gadanidis et al., 2017; Lee et al., 2020;
Weintrop et al., 2016). This helps teachers to provide a personalized level of help,
with every student taken care of and their level of understanding significantly
increased as a result. Integrating these two disciplines also helps to ensure that
students understand the errors they may encounter and why certain problems are
solved in a certain way. Finally, it supports the teacher’s ability to teach by providing
various options and avenues through which they can fully explain certain concepts
to their students. Furthermore, teachers should also be coached on computational
thinking prior to implementation in order to ensure its success because their
knowledge on the subject may only be theoretical, and they may therefore be ill-
equipped to adequately teach their students, which may add to the students’ state of

confusion over some aspects of their learning (Gadanidis et al., 2017). Teachers
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should therefore aim to provide computational thinking as an integrated element
rather than to attempt to teach it separately in order to help improve their students’

understanding.

Teaching mathematics using the procedural method can at times appear tiresome,
with some students failing to fully understand or grasp certain concepts, leading in
the end to lower than anticipated academic grades. However, through the integration
of computational thinking, coding has made the learning process that much easier;
providing students with greater understanding of what such concepts are all about.
The approach also helps ease the teachers’ workload and provides further options
where they better understand how to reach individual students and thereby to address
issues affecting them on a personal level. In what is now pretty much a fully
digitalized era, this step may prove instrumental in setting up today’s students for

life when it comes to computer skKills.

2.4 Summary of Literature

The focus of the current study rested on three main topics, that of computational
thinking, computer programming education at an early age, and interdisciplinary
collaboration in teaching.

Computational thinking is defined as a process which activates problem solving by
involving critical thinking, algorithmic thinking, and also real-life activities (Berry,
2015; Grover et al., 2014; Hemmendinger, 2010; Wing, 2008; Yadav et al., 2014).
Computational thinking skills are gathered under six main components, which are
problem reformulation, recursion, problem decomposition, system testing,
abstraction, and algorithm design (Shute et al., 2017; Wing, 2006). Thus,
computational thinking is an ability of thinking, where an individual has to employ
their creativity by including these six components in order to solve a given problem.
In addition, computational thinking becomes not just the analyzing and solving of a
given problem, but facilitates the learning of new knowledge due to its inclusion of

real-life experience in the problem solving process.
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The second topic of focus in the current study is computer programming education
at an early age. Since technology usage has rapidly expanded on a global scale, and
particularly in response to the COVID-19 pandemic, having knowledge of
programming has become seen as a distinct advantage. However, both the teaching
and learning of computer programming has been said to be difficult, due largely to
the requirements of the skills involved (Bennedsen & Caspersen, 2007; Bornat &
Dehnadi, 2008; Guzdial & Forte, 2005; Jenkins, 2002; Mazman & Altun, 2013;
Ozmen & Altun, 2014). Thus, teachers have sought new ways of teaching
programming that are easier, not just for younger students, but also at the
undergraduate level too. Guzdial (2015) stated that learning programming at an early
age is important due to its relation to many new employment areas, productivity,
broadening participation, learning about the world, computational thinking, and also
computational literacy. With concern to the learning of programming being related
to computational thinking, new techniques of teaching programming need to be
developed so as to facilitate such learning and to develop learners’ computational
thinking skills at the same time. This raises the question of how to teach young
learners programming. Based on this premise, researchers have focused their studies
on, among other things, how to improve different skills’ fields through the
integration of interdisciplinary collaboration. According to Cinar and Tiiziin (2017),
disciplines that involve robotics, programming-based building blocks, and digital
gaming can activate learners’ computational thinking skills.

Interdisciplinary collaboration in education is the third main focus of the current
study. Teaching and learning through an interdisciplinary approach refers to
collaborative efforts involving multiple disciplines in order to understand a given
problem (Cassel, 2011; Mahadev & Conner, 2014). Establishing a bridge between
two or more disciplines while teaching can be a very effective method of enhancing
the learning process as it provides students with a diverse viewpoint on various topics
during their learning activities. The most important part of integrating the
multidisciplinary approach into current curricula lies in building upon new

information by providing different meanings to knowledge sourced from other
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disciplines. As such, students may not feel themselves as applying a certain method,
but will improve their own means of learning in order to obtain knowledge (Borrego
& Newswander, 2010; Goldsmith et al., 2018; Newell, 1992).

In the current study, mathematics was chosen as the second discipline, since it shares
a certain commonality with programming and also with computational thinking.
When the literature is reviewed, it can be seen that a core of mathematics plays a
significant role in the understanding of computer science, and that this is because
both disciplines use powerful reasoning in aiming to find viable solutions through
critical definition (Bruce et al., 2003; Havill & Ludwig, 2007; LeBlanc & Leibowitz,
2006). Therefore, establishing collaboration between mathematics and programming
provides an opportunity for learners to develop both their both programming and

computational thinking skills.
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CHAPTER 3

METHODOLOGY

This chapter presents the design of the study and explains the procedures followed
throughout the study. In detail, the chapter explains the research questions that were
formulated, the design of the pilot study, lessons, and the experimental research, as
well as informing about the participants of the study, the data collection methods and

procedures employed, and how the study’s data was collected and analyzed.

3.1 Research Questions

The current study is based on a primary research question, with four qualitative plus
two quantitative sub-questions. These primary and sub-research questions are as

follows:

1. What are the effects of teaching programming with a traditional approach
(TA) and an interdisciplinary approach (IA) on secondary school students’
attitudes, computational thinking skills, programming skills, and academic

achievement level?

a. Is there a significant difference between the TA and IA groups

according to their Mathematics Attitude Scale scores (MAS)?

b. Is there a significant difference between the TA and IA groups
according to their Computational Thinking Skills Self-Efficacy Scale
(CTSSES) scores?

c. Is there a significant difference between the TA and IA groups
according to their Computer Programming Self-Efficacy Scale

(CPSES) scores?
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d. Isthere asignificant difference between the TA and IA groups in their
retention of Small Basic Programming Achievement Test (SBPAT)

results?

e. What do teachers think about the teaching of visual programming tool
using TA and IA methods?

f. What do students think about visual programming tool and its

processes?

3.2  Participants

A secondary school in private schools is chosen for the study and the participants of
the study were eight seventh-grade classes from the METU Development Foundation
Secondary School (ODTU Gelistirme Vakfi Ozel Ortaokulu). Cluster random
sampling is used as sample method because the groups were already exist according
to their level. The age of participant students was from 12 to 13 years old. The
academic characteristics of each class were considered to be similar, as the school
operated a policy of mixing classes homogeneously each year according to the
students’ GPA results in order for classes to be academically balanced. As researcher
didn’t have taken any role during the teaching process because of the researcher bias,
two ICT teachers from the school took part in the study, and each teacher was
responsible for four seventh-grade classes. In order to achieve a fair and balanced
result, both of the teachers taught two classes using traditional teaching methods and
two classes using the 1A of the experimental process. Therefore, both ICT teachers
taught two experimental and two control groups which were assigned randomly.

The sample of the study consisted of 192 students, split as 95 female and 97 male.

However, due to the lack permission granted from the family of four students, their

data were excluded from the study. Therefore, the study’s analysis was conducted

with an equal spilt of 94 female and 94 male students, totaling 188 participants. Since

the sample size is large as it is 188, the results can be valid for all 7*" grade students
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in Turkey. The summary of the participant students are provided in Table 2, Table 3
and Table 4.

Table 2. Demographic Summary of the Students In Terms of Groups

Group n
El 24
. E2 24
Experimental group £3 ”
E4 22
Cl 24
Control group c 23
C3 24
C4 23
Total 188
Table 3.Gender
n %
Female 94 50
Male 94 50
Total 188 100
Table 4. Mathematics GPA Level
n %
Level 1 110 58.5
Level 2 56 29.8
Level 3 22 11.7
Total 188 100

According to Table 3 in terms of both genders were equal. Also, as can be seen, half
of the participants formed the experimental groups whilst the other half formed the

control group.
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The mathematics GPA levels are grouped in three level according to Turkish grading
system. Level 1 represents high level students’ grades from 80 to 100, level 2
represents middle level students with the grade from 79 to 55 and Level 3 represents
low level mathematic students with the grades from 54 to zero. When the students’
academic achievement levels in mathematics are examined, it can be seen that 22
students had a “Level 3” which is low level of academic achievement, 56 had a
“Level 3” which is middle level, whilst 110 of the participant students had a “Level

1” which is high level of academic achievement.

The students’ average mathematics achievement was calculated as M =84.31
(SD = 10.48), and each class in their respective groups had an average of between 80
and 100. Therefore, the similarity between the groups in terms of the students’
mathematics GPA score was almost the same. Based on the 100-scoring system, the

lowest achievement average among students was 43, while the highest was 99.

The students’ background in programming and programming languages of each
group was also close to each other. The data taken from the interviews is presented
in Table 5.

Table 5. Students’ Pre-Course Programming Language and Tools

JavaScript Kodu Game Lab Scratch
O-Bot Arduino Mindstorm

mBlock C++ iDEA

C# Visual Basic Python

3.3  Design of the Study

The methods most regularly used in social science studies are qualitative,
quantitative, and mixed method. Qualitative research is used to show the power of a

research study by way of statistical procedures (Strauss & Corbin, 1990), and aims
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to answer questions about “why,” “how,” or “what” concerning the collected data.
Quantitative research, on the other hand, employs the measurement of objectives
based on the application of surveys and/or questionnaires to test various hypotheses
through either descriptive or inferential statistics (Denzin & Lincoln, 2011; Loewen
& Plonsky, 2015; Taguchi, 2018). Quantitative research therefore focuses on finding
answers to questions of “how many” or “how much” based on numerically larger
pools of collected data. Studies conducted according to qualitative research methods
employ a narrow focus using data from small samples to specific persons, whilst
quantitative research involves larger volume data where the statistics are sourced
from whole information drawn from statistically larger representative samples rather
than the perception of individuals (Curry et al., 2009; Venkatesh et al., 2013).

The strengths of quantitative research are indicated as; the capacity to identify
relationships between variables, a method of testing hypotheses, and the power to
conduct group-based comparison (Castro et al., 2010; Strauss & Corbin, 1990;
Venkatesh et al., 2013). On the other hand, qualitative research’s popularity is based
on its strengths for associating data-conceived results to real-world context according
to variables such as participants’ gender, beliefs, behaviors, and feelings (Curry et
al., 2009; Venkatesh et al., 2013). Also, the potential for generalization based on the
consistency and reliability of the collected data are other perceived strengths of the
quantitative approach through the provision of detailed information from multiple
methods on one or more subjects requiring careful examination, but with the added

advantage of cost efficiency.

Besides the various strengths of both the qualitative and quantitative research
methods each have inherent weaknesses too. The qualitative methods of study are
considered difficult for the purposes of generalizing the result for the population of
the community being investigated (Bektik, 2017; Castro et al., 2010). Moreover,
since standard categories do not necessarily fit all formats, it is not always easy to
analyze qualitative data, and the collection of such data requires more time than for

quantitative data collection. On the other hand, quantitative data has certain
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limitations too, such as it not always being easy to interpret the data as sometimes
the results may be too complex to readily explain the content, and thereby the
research may become too time consuming in terms of both its data collection as well
the analysis (Taguchi, 2018).

Therefore, as both quantitative and qualitative research methods have their respective
strengths and weaknesses, the mixed-method research approach can be applied in
order to bridge both methods (Leech & Onwuegbuzie, 2009). Tashakkori and
Teddlie (1998) explained the mixed-method approach as a form of research which
focuses on the whole study by employing both qualitative and quantitative methods,
either working independently or sequentially. For instance, a study may involve
interviews as a form of qualitative data collection and also a survey that serves as a
means for quantitative data collection. Creswell and Clark (2007) pointed out four
major design types for the application of mixed-methods research. The first type is
“triangulation,” which is the most well-known approach, and involves both
quantitative and qualitative data collection to form an overall deep understanding of
the problem. The second major type is the “embedded” design, using either
qualitative or quantitative data to interpret the problem. The third major design is
“explanatory,” which involves collecting data through the qualitative method which
are then further explained through the quantitative method. The fourth major type is
“exploratory,” which is the opposite of the explanatory method as it collects data
quantitatively and then explains the results through a qualitative approach. Scholars
have explained the value of the mixed-method research design as a combination of
two important methods that has the ability to highlight research results both as
explanatory and confirmatory from the same study (Curry et al., 2009; Leech &
Onwuegbuzie, 2009; Teddlie & Tashakkori, 2003; Venkatesh et al., 2013).

In the current study, Creswell’s (2013) “sequential descriptive design” was chosen.
In the sequential descriptive design, quantitative data is given priority, and is used in

order to increase the structural role of the qualitative data.
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The current study was conducted with a design using eight groups; with four control

groups and four experimental groups.

3.3.1 Experimental Research Application

The experimental design is a study that is based on the application of experimentation
principles and techniques in order to evaluate cause-and-effect relationships.
Experimental research is developed on the premise of testing hypotheses under a
controlled environment. Experimental research designs have two main categories,
“true experimental design” and “quasi-experimental design.” In a true experimental
research design, statistical analysis is used as the primary scientific tool for the
purposes of rejection or confirmation of the formulated research hypotheses (Bhatt,
2010). On the other hand, the quasi-experimental research design is similar to the
true experimental methodology, in that it also employs experimental and control
participant groups during the study. However, the quasi-experimental methodology
does not employ random distribution in the assignment of various sample members

into the experimental and control groups.

For the current study, the quasi-experimental design was selected to be used because
the assignments were not distributed randomly, since the Small Basic programming
language was taught both to the control groups, using the traditional approach
subjects” method, whilst the experimental groups were taught using the

interdisciplinary approach.

3.4  Experimental Processes

The experimental process was conducted to the study. Researcher worked with 8
groups and four of them are chosen as experimental while the other four group is
chosen as control. The study process was designed separately for both groups. Both
groups were taught with the same lesson plan at the first two weeks of the study
because it was covering the user interface of the Small Basic and the basic
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programming commands. For the following weeks, groups were taught with different
lessons plans as experimental group were taught programming with the integration
of mathematics as interdisciplinary approach (IA) while control group was taught
with traditional method (TA).

The dependent variables of the current research study are the participant students’
mathematics attitude, their computational thinking skills self-efficacy, as well as
their programming skills and basic programming achievement. In terms of the
independent variable, for the current study it is the interdisciplinary instructional

approach based on mathematics.

The current study aimed to investigate the effect of teaching programming skills
through an IA in collaboration with a course in mathematics. The teaching process
combined activities from a Mathematics course with a Computer and Instructional
Technology course in order to observe the aforementioned effect. The IA process
was employed in the teaching process of the experimental groups, whilst the TA

(subject-specific lecturing) was applied with the control groups.

In the study, both the experimental and control groups were assigned randomly.
While the students in the experimental group were gathered into four distinct groups,
similarly, four distinct control groups were formed. Measurements related to the
dependent variables were performed prior to and following the experimental process
application. During the experimental process, two ICT teachers worked alongside
the researcher, each teacher had classes as two control groups and two experimental

groups.

34.1 Pilot Study

A pilot study is a small-scale study applied in order to test a main study. Specifically,

a pilot study tests the research protocols of the main study in order to detect and

problems, and to improve them according to feedback and/or data results prior to the

application of the main study. It is considered as a preparatory action for the main
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study so as to enable the researcher to be made aware of any problems in the research
methodology prior to its actual application. The literature highlights that conducting
a pilot study prior to a main study is an important stage, as it is of significant benefit
to identify and improve upon any potential problem areas so as to strengthen the
overall result of the study in hand (Hassan et al., 2006; Kraemer et al., 2006;
Lancaster et al., 2004).

The pilot study is seen as essential because it controls the feasibility of the main
study, and helps to make the research questions clearer. It also helps to focus the
process of the main study because researchers can see in advance any problems
associated with the management, communication, application, and data collection
techniques employed during the pilot study. Therefore, the advantages of a pilot
study are highlighted as purification of the instruments to be employed, the
opportunity to open the researcher’s mind to alternative techniques related to the
main study based on a real (small-scale) application, to help determine the feasibility
of the study which may save time and increase efficiency during the main study, and
to improve on the planned data collection process, instruments, and procedures if
needed (Lancaster et al., 2004; Merriam & Tisdell, 2015; Yin, 2009).

In the current study, a pilot experimental study was applied at the same school 1 year
prior to the execution of the main study. The reasoning for the long break between
the pilot and main study was that the topic of study was only taught during a single
time period each academic year. The pilot study lasted for 8 weeks in total, during
March and April of 2017. The pilot study was applied to six different seventh-grade
classes, with each lesson lasting 40 minutes (1 classroom hour). Since the topic was
compulsory in the seventh-grade national school curriculum, all students in the
classes participated in the study. According to school’s policy, each class was
designed and composed homogeneously in terms of the students’ annual GPA, as a
means to ensuring a balanced academic student profile (based on GPA) within each
class. Therefore, the classes included in the pilot study were each already

homogeneously distributed by the school rather than the researcher.
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In the execution of the current study’s pilot study, six different lesson plans were
applied each week between the experimental and control groups. Lesson delivery
were by way of direct instruction, with students expected to finish each given task.
However, the pilot study showed that verbal description of the assigned problems
was inadequate, therefore, PowerPoint presentations were designed for each lesson
plan in order to describe the problems with more clarity to the students through the
use of illustrations. Also, during the pilot study, no interviews were held with the
participant students. However, following a meeting held with the participant ICT
teachers and the researcher’s thesis advisory committee, the need for student
feedback was raised, and student interviews subsequently planned for inclusion in

the main study.

3.4.2 Main Study

The main study was conducted between February and June of 2019 at the ODTU
Gelistirme Vakfi Ozel Ortaokulu (METU Development Foundation Schools),
Ankara, Turkey. The main study lasted for a total of 10 weeks, plus 1 week to
conduct an achievement test 2 months following the application in order to measure
the participant students’ learning retention. Prior to the main study, permission was
received to conduct the study from the school, the parents of the students who
participated in the study, the Ethics Committee of Middle East Technical University,
and the Turkish Ministry of National Education. Two ICT teachers employed at the
school taught the participant groups in a combined total of eight classes, divided as
four classes for both the experimental and control groups. Each of the two ICT
teachers had four seventh-grade classes, so that each taught lessons according to the
TA (for two control groups) and also the 1A (for two experimental groups). Since the
topic of study forms a compulsory element of the seventh-grade national school
curriculum, the 10-week study period was all applied in a single phase. An outline
of the activity plans prepared by the researcher for both the experimental and control

groups. A sample from activity plan of week 6 is presented in Table 6. respectively.
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The full plan is added on appendices.

Table 6. Activity Plan for the Groups

Week | Topic Acquition (Control Acquition (Experimental
Group) Group)
6 Lesson Plan 5: Programming Programming achievements:
For Loops achievements:  Remembering the reasons for

e Remembering the using loops.
reasons for using e Remembering program lines
loops. are shortened with loops.

e Remembering program | e Understanding the difference
lines are shortened between “while” and “for
with loops. loop.”

* Understanding the Mathematics achievements:
9|f{$;e’r]ce ge‘gveen o Expressing rule of number
l(‘)"(’) te” and -lor patterns by letter.

p- Finding the questioned term of a
pattern whose rule is expressed by
a letter.

During Week 1, the participants were applied pretests using three instruments; the
Computer Programming Self-Efficacy Scale, the Mathematics Skills Self-Efficacy
Scale, and the Computational Thinking Skills Self-Efficacy Scale. In Week 2 and
Week 3, both groups were taught the same lesson plan as it concerned how to use the
actual programming tool and its user interface. From Week 4 to Week 7, the groups
were taught according to different lesson plans, with each receiving different
instruction and examples according to prescribed teaching approach. In Week 8,
posttests were applied to both groups, and in Week 9 the students were applied an
achievement test. In the final week of the process, Week 10, interviews were
conducted with both the participant students and their teachers. Whilst the main study
concluded at the beginning of April, during the first week of June, a further
achievement test was applied in order to measure and evaluate the students’ learning

retention.
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35 Data Collection

Data is arguably the most important core process of the study, and is used to examine
the value and validity of the study. A method of data collection refers to the use of
techniques applied for the collection of a study’s research data (Harrell & Bradley,
2009). The purpose of the current study required both qualitative and quantitative
data to be collected, hence a mixed-method research approach was adopted. Data
were collected through self-efficacy scales, achievement test results, and the
participant students’ mathematics GPA scores as the quantitative data, and via

interviews conducted for the qualitative data collection.

351 Instruments

This subsection explains the process of how each of the five distinct data collection
tools were used. Four of the tools were instruments, plus two variations
(student/teacher) of an interview protocol form. Three of the tools (Mathematics
Attitude Scale, Computational Thinking Skills Self-Efficacy Scale, and the
Computer Programming Self-Efficacy Scale) were developed by other researchers.
The fourth was the BASIC Programming Achievement Test that was developed for
the current study by the researcher. In addition, two interview protocol forms were
developed by the researcher in order to support the collection of the study’s

qualitative data element.

3.5.1.1. Computer Programming Self-Efficacy Scale (CPSES)

In order to examine improvements in the participant students’ programming skills, a
Computer Programming Self-Efficacy Scale was applied both as a pretest and again
as a posttest. The scale was originally developed by Wiedenbeck and Ramalingam
(1999), and was adapted to the Turkish context by Altun and Mazman (2012). In the
original scale, Wiedenbeck and Ramalingam (1999) had 32 items in their scale,

designed as a 7-point, Likert-type instrument with nine sections under a two-factor
50



arrangement (“ability to perform simple programming tasks” and “ability to perform
complex programming tasks”). The Cronbach alpha coefficient of the original scale
was found to be .928, with the scale applied as a pretest to a total of 421 students at
the beginning of a C++ programming course. Whilst adapting the scale into Turkish,
Altun and Mazman (2012) changed the language of the scale into a more general
state in order that it could be applied to any programming language. Also, they

decreased the number of items in the scale to nine according to their test results.

For the current study, Altun and Mazman’s (2012) Turkish version of the Computer
Programming Self-Efficacy Scale was employed, formed as a nine-item, 7-point, and
Likert-type scale.

3.5.1.2. Mathematics Attitude Scale (MAS)

The Mathematics Attitude Scale, as developed by Duatepe and Cilesiz (1999), was
used in the current study in order to determine the participant students’ attitudes and

confidence towards mathematics.

The scale was originally applied to 230 samples during a pilot study conducted by
the developers. Whilst developing the scale, Duatepe and Cilesiz (1999) focused on
the individuals’ love, profession, fear, materiality, interest, pleasure, and trust
towards mathematics, therefore, the scale was developed according to these seven

dimensions.

During the development of the scale, the 44-item, seven-dimension draft attitude
scale was applied to 230 mathematics, engineering, administration, and education
students from the Middle East Technical University in Ankara, Turkey. According
to the pilot study’s analytical findings, six items were subsequently deleted from the
scale. Duatepe and Cilesiz’s (1999) analysis showed that the revised scale consisted
of four dimensions. In total, there were 13 items in the first dimension to measure
enjoyment of mathematics, nine items in the second dimension to measure
confidence and anxiety, eight items in the third dimension to measure occupational
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and daily importance of mathematics, plus eight items in the fourth dimension to
measure interest, liking in mathematics. According to their analysis results, item-
scale correlation proved the scale’s validity. The smallest correlation value for the
first dimension (.55), whilst for the second dimension it was .62, for the third
dimension is was .48, and for the fourth dimension is was .51. As to the reliability
analysis, the Cronbach Alpha coefficient was found to be .96 (Duatepe & Cilesiz,
1999).

In order to test the validity of the scale, Exploratory Factor Analysis (EFA) was
performed. As a result of the analysis of the principal components rotated according
to the principal axis, the scale’s 38 items were grouped to form four dimensions. If a
load of a scale item on a factor is above .48, the item is counted for that factor. When
assigning an item on a scale to a factor, attention was paid to the difference between
the load on that factor and the load on other factors above a certain value. Their
findings showed that the factor loads were distributed between .48 and .80. The

values regarding the items in the subscales and their factor loads are given in Table 7.

Table 7. Item/Factor Loads for MAS

Item Factor 1 Item Factor 2: Item Factor 3: Item Factor 4:
Enjoyment Confidence & Occupational Interest, Like
Anxiety & Daily
Importance
31 71 20 .80 4 .76 6 .79
2 .70 26 g7 14 .76 16 .76
15 .69 21 a7 17 71 19 73
34 .67 35 .76 12 71 25 .69
30 .66 26 75 37 .69 30 67
10 .65 18 75 7 .63 11 .63
32 .64 1 71 21 .61 3 .60
5 .64 33 .69 25 48 23 51
13 .64 27 .65
9 .62
28 .61
38 .59
8 .55
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The scale included 38 items, developed as a 5-point, Likert-type scale and was

applied to the current study as both a pretest and as a posttest.

3.5.1.3. Computational Thinking Skills Self-Efficacy Scale (CTSSES)

The Computational Thinking Skills Self-Efficacy Scale was developed by Gulbahar
et al. (2019) in order to determine students’ computational thinking skills, and
designed to be applied both as a pretest and then later as a posttest. The scale’s
authors applied the test to 952 secondary school students from different regions of
Turkey. The results and analyses of their study formed a five-dimension scale, with

a total of 39 items using a 5-point, Likert-type design (Gulbahar et al., 2019).

Gulbahar et al. (2019) found the KMO coefficient to be .966, and the Bartlett test
significance value as < .05 level. The fact that the KMO value was above .50 and the
Bartlett value was significant, meant that factor analysis could be performed on the
dataset. As a result of their analyses, it is seen that the 39-item scale consisted of a
five-factor structure (Algorithm Design Competency, Problem Solving Competency,
Data Processing Competency, Basic Programming Competency, and Self
Confidence Competency). From Confirmatory Factor Analysis (CFA) conducted on
the model, three items were subsequently omitted from the scale and the final
structure of the scale included 36 items. The corrected item-total correlations ranged
between .632 and .386, whereas the Cronbach Alpha coefficients ranged between
.762 and .930. Also, t-tests for the item average means of the bottom 27% and top

27% of the groups were presented as significant differences between those groups.

The values regarding the items in the subscales and their factor loads are given in
Table 8.
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Table 8. Item/Factor Loads of for CTSSES

Item Factor1: Item Factor2: Item  Factor3: Item  Factor 4: Item  Factor 5:
Algorithm Problem Data Basic Self-
design solving processing programming confidence
S2 .823 S44 733 S19 .802 S33 .644 S5 .636
S1 .816 S48 710 S20 162 S28 .601 S4 .615
S3 811 S39 671 S23 .595 S37 .586 S14 .614
S9 795 S43 .654 S26 .565 S34 571 S6 .553
S8 .760 S40 .651 S25 .550 S38 501 S18 547
S10 129 S46 .631 S24 .546 S17 497 S16 497
S11 122 S42 .623 S21 .539

S12 714 S47 .616
S7 674 S45 .569
S49 .505

S41 .504

3.5.1.4. Small Basic Programming Achievement Test

The Achievement Test was adopted by the researcher for the current study. The
questions that formed the Achievement Test were developed for the Microsoft Small
Basic programming tool, and were adapted from those used in the study of Saez-
Lépez et al. (2016), which was prepared for the Scratch programming language.
Besides testing students’ achievements, the test was developed by focusing on four
dimensions of computational thinking skills, which are also common to the

programming skills components.

The first dimension tests how students can set coding commands in the right order
so as to demonstrate step-by-step algorithmic planning. The second dimension looks
at debugging and the modification of incorrect code. The third dimension is
completion, which involves students completing elements of incomplete code, whist
the fourth dimension interprets what the students understand from some given code,
and how they think it should be written on the screen. During the development of the
Achievement Test, the researcher worked together with the two ICT teachers from
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the METU Development Foundation Secondary School and applied changes deemed

relevant according to their feedback.

3.5.1.5. Interview Protocol Forms

A qualitative research interview is defined as giving meaning to studies by describing
connections between the real-world and the study in hand (Kivits, 2005; Kvale, 1983;
Mann & Stewart, 2000; Opdenakker, 2006). Opdenakker (2006) indicated four
different techniques for interviews, which are face-to-face, MSN messenger,
telephone, and email. For the current study, the face-to-face interview technique was
selected because of its advantage on social cues such as the opportunity for the

researcher to observe the interviewees’ body language, tone of voice intonation etc.

In the current study, two different interviews were conducted. The first was
conducted with the study’s participant students, whilst the second was conducted

with the class teachers who applied the lesson plans to the study’s participants.

Both the “Interview Protocol for Students” and the “Interview Protocol for Teachers”
contained a total of seven questions. Similar steps were taken in the development of

both interview protocol forms, with each developed jointly according to three stages.

In the first stage, the relevant literature was first examined in detail, and then
interviews were conducted with field experts, resulting in a 12-item interview pool
created based on their collective experiential feedback. For the second stage, items
from the item pool were presented to four Measurement and Evaluation experts. A
draft form was created based on the experts’ feedback, and then submitted to the
examination of linguists. Amendments were subsequently applied to the question
roots in light of the feedback received from the experts. In the third stage, pilot
interviews were conducted with one teacher and three students in order to test out
the applicability and understandability of the interview question items. As a result of
analyzing the data obtained from the pilot interviews, the final version interview
protocol forms were completed. The final version Interview Protocol for Students
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and the Interview Protocol for Teachers are both presented within Appendix D (in
Turkish).

3.6  Data Analysis

The data analysis process started with the collection of the study’s data. After
receiving the appropriate permissions from the related individuals and institutions,
the completed data forms were imported into Survey Monkey, an online survey tool
used to collect quantitative data. IBM’s Statistical Package for Social Science (SPSS,
version 25) software was then used in order to analyze the collected quantitative data.

The level of significance (p-value) was set as .05 by the researcher.

The qualitative data collected through the student and teacher interviews were
analyzed using the Nvivo 12 software. First, by undertaking a descriptive analysis of
the interview data, similarities between the students’ views on coding teaching using
the interdisciplinary (experimental) approach were revealed. Subsequently, codes
were created according to the content analysis method. The codes were then grouped

according to feature similarity under themes.

3.6.1 Trustworthiness

A study should be reviewed by peers or someone who has pertinent knowledge about
the related topic in order to ensure the credibility of the research (Creswell & Miller,
2000). Trustworthiness was also highlighted as being an important criteria in
qualitative research by Lincoln and Guba (1985), and encompasses four main aspects
which are credibility, dependability, transferability, and confirmability (Lincoln &
Guba, 1985). Credibility is described as linking the results of a study with that of the
real world in order to show the trust and truth of the study by focusing on two main
aspects; triangulation and member-checking (Lincoln & Guba, 1985). In order to
clarify the trustworthiness of the current study, triangulation measures and member

checking were employed.
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3.6.1.1. Triangulation

Creswell (2012) defined triangulation as a qualitative research strategy used to show
the value of a study in terms of its credibility and accuracy. The current study
involved triangulation in different methods. First, during the data collection process,
six different forms were used, including three scales, an achievement test, the
participant students’ GPA score, and a set interview protocol. Second, the interviews
were conducted not just with the participant students, but also with the teachers who
had delivered the lessons plans developed as part of the current study. In addition to
the varied approach to data collection, intercoder agreement strategy was also
applied in the analysis of the collected qualitative data.

3.6.1.2. Member-Checking

Member checking is defined as a way to follow increasing the creditability in
qualitative research (Lincoln & Guba, 1985). To ensure whether the process followed
fits with the theoretical instruction of ICT lessons in seventh grades, the lesson plans,
tools and all the instruction were sent different ICT teachers. Birt et al. (2016)
indicates that member checking is important in qualitative research because it is
essential for researchers to be transparent about their study and member checking
gives a transparency to the achievement, goals and methods of the study.

3.6.2 Quantitative Data Analysis

3.6.2.1. Reliability of the Scales

Two different internal consistency values were calculated based on the data obtained
from the pretest and posttest applications of the three scales used in the current study.
When the values presented in Table 8 are examined, the findings show that the three

scales used in the study are reliable tools for the purposes of measuring students’
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mathematics attitude, their computational thinking skills self-efficacy, and their

computer programming self-efficacy skills.

The data obtained from the three data collection scales were analyzed using the
SPSS program. Prior to making any further analysis, the assumption of normality of
the data obtained from the experimental and control groups were tested. For this
purpose, Kolmogorov-Smirnov and Shapiro-Wilk tests were performed and the
resultant skewness and kurtosis values were examined. When the results are
analyzed, it can be seen that in the normality distribution of the research data, the p-
values are considered large (p > .05) in most of the subscales, and low (p < .05) in

some of the subscales.

Whilst it is not considered a desired situation to have calculated values greater than
.05, some studies conducted in the Social Sciences field have stated the opinion that
if the desired values cannot be reached within the normal distribution of the data,
then kurtosis and skewness values should be calculated in order to examine the

normality assumption.

In the analysis conducted on this subject in the current study, it was observed that
the expected kurtosis and skewness values for all of the scales and subscales were
found to exceed the observed values. When results came from the scale is analyzed,
it can clearly be seen that the average scores of the students in the experimental and
control groups obtained from the scales showed normal distribution. Therefore,
parametric test techniques were used in the data analysis of the research (Huck,
2008).

Covariance analysis and repeated measures variance analysis were conducted in
order to reveal differences between the mathematics achievement of the participant
students in the experimental and control groups and their mathematics attitudes,
programming skills, and programming achievement tests (Akbulut, 2010; Hancock,
2004). For paired groups, paired samples t-tests, and for comparisons between

groups, independent samples t-tests were used to compare the averages between the

58



experimental and control groups for each variable. Also, in order to see the effects
on the study of each course teacher, who participated in the study as a class instructor,
within group comparisons, between group comparisons, and covariance analyses

were performed.

All of the data used in the study were analyzed according to a significance level of
.05. In the normality test for the mean scores obtained from the scale items, it was
observed that the data was normally distributed, hence, parametric tests were

conducted.

3.6.3 Quialitative Data Analysis

LeCompte and Goetz (1982) stated that achieving complete validity and reliability
for any research model is not possible. However, researchers can still approach the
goal of making their research valid and reliable by balancing various factors that aim
to increase the reliability and validity of specific known research problems and
objectives. Using various strategies, researchers can reduce factors threatening a

study’s reliability and validity.

Scholars state that validity concerns the accuracy of the research results, whilst
reliability relates to the reproducibility of the research results (LeCompte & Goetz,
1982; Miles & Huberman, 1994; Patton, 2014; Yildirnm & Simsek, 2008). Both
validity and reliability are based on two themes, external and internal. External
validity focuses on seeing if the different groups obtain the same results by using a
data collection tool, whilst internal validity focuses on the measurement, although
the researcher is free to use this or not (LeCompte & Goetz, 1982). When it comes
to reliability, external reliability checks to ascertain if the results of the research can
be obtained in similar environments with the same processing, whilst internal
reliability looks at whether other researchers could achieve the same results using
the same data (LeCompte & Goetz, 1982).
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3.6.3.1  Validity

For qualitative data analysis where verbal data is obtained to be processed, the
concepts of validity and reliability are somewhat different than quantitative data
analysis. According to Yildirnm and Simsek (2008, p. 30), in qualitative studies;
“proximity to the research area,” ‘“gathering detailed and in-depth information
through face-to-face interviews,” “gathering information directly and in the natural
environment where the incident took place,” “gathering long-term information,” and
“being able to go back to the field to confirming the findings and providing additional

information” are all considered important features in terms of ensuring validity.

In order to ensure the internal validity in qualitative research, the following issues

should each be considered carefully:

As presented by LeCompte and Goetz (1982): “Research findings
should be meaningful considering the environment in which the data
were obtained and defined depending on this environment,” “Findings
are consistent and meaningful in themselves,” “The emerging concepts
to forming a meaningful whole,” “confirmation of findings using
different data sources, data collection methods and analysis strategies, ”
by Miles and Huberman (1994): “The findings obtained according to
different sources, methods and strategies form a meaningful whole,”
“the findings obtained are consistent with the conceptual framework or
theory created,” “proper use of some rules and strategies to confirm
findings,” “using alternative approaches to explain the findings,” and
by Yildirim and Simsek (2008) “‘finding the findings realistic by the
individuals participating in the research,” “the estimations and
generalizations made based on the findings are consistent with the data

obtained.”
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In the current study, in order to ensure the internal validity, the following steps were

conducted:

1. Research findings were defined concerning and in relation to each other. In
the reporting of the findings, direct quotations from the obtained research

data were included;

2. In order for the findings to be consistent and meaningful within themselves
and for the emerging concepts to form a meaningful whole, the data and
themes collected under each theme had to constitute a meaningful whole

among themselves;

3. Inthe analysis process, where data collection was followed by the researcher,
the data were systematized, and the consistency of the data checked

continuously;

4. Before and during the data collection process, the literature related to learning
programming at an early age, students’ attitude towards mathematics,
computer programming self-efficacy, and computational thinking skills self-
efficacy were examined continuously in order for the theoretical structure to

guide the researcher in obtaining the findings;

5. Data obtained from the application were examined together with the
theoretical structure, so that the theoretical framework guided the creation of

the code list used in the data analysis;

6. Themes that emerged from analyzing the qualitative data were based on
inductive analysis, with findings supported by the literature related to the
comments. In presentation of the findings, some reported from quotes to
results and comments, whilst others reported from results and comments to

quotes;

7. While developing the interview protocol forms, the relevant literature was

examined and expert opinion sought. Feedback regarding the interview
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questions was sought from eight different ICT teachers as well as from

assessment and valuation experts;

8. After the data were obtained, the researcher and the participants reexamined
the data so that it was verified by the participants in order to reveal any

misunderstandings;

9. Emphasis was reported that any generalizations made were based on the

findings according to similar situations and conditions being applicable;

10. Stated generalizations made were limited to the data obtained from the
participants and from situations experienced during the process. For certain
generalizations, they were limited to findings or from the groups that

participated in the practice.

External validity relates to the generalizability of a study’s results. The process
checks if the results are generalizable according to similar situations and conditions.
Yildirrm and Simsek (2008) stated that if results can be generalized, then the
qualitative data is deemed to be externally validated. Even though it is important to
validate a study externally, generalizability of qualitative research may still be
considered as weak. Therefore, the results of a qualitative research study cannot be
directly generalized to another situation. While generalization may be achieved
directly in guantitative research, generalization can only be achieved indirectly in
qualitative research. According to Yin (2009), generalization means analytical
generalization. In other words, a qualitative researcher working with a limited
number of participants or studying a certain situation may end up with a hypothesis,

a conceptual model, or a new theory at the end of the research.

In the current study, the following steps were followed in order to ensure the external

validity of the research:

1. The study group of the research and its characteristics, and details of the
interview process were explained in detail in the methodology of the

research;
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2. Guided by the conceptual framework of the study, generalizations were
reached according to the study’s findings, the characteristics of the study
group, and the environment. It was stated that generalizations were limited to

within the framework of the specified features;

3. Details of the qualitative data process were carefully explained to the
participants, with the processes described in detail in order that other
researchers may benefit from the generalizations based on similar groups and

environments;

4. The consistency of the theoretical framework, including the results and
generalizations reached, was taken into consideration (LeCompte & Goetz,
1982; Miles & Huberman, 1994; Patton, 2014; Yildirim & Simsek, 2008).

3.6.3.2  Reliability

Reliability can result in certain problems in terms of sensitivity to the natural
environment which can affect the importance of measured perceptions (Yildirim &
Simsek, 2008). One of the basic principles of qualitative research is maintaining an
awareness of the facts that constantly change depending on the each individuals
involved and the environment. As such, researchers should accept from the outset of
a study that repetition of the research in similar groups may not achieve the same
results, because it is not possible to repeat an exact research due to human behavioral
variables. Although certain criteria related to reliability contradict some qualitative
research criteria, there are some precautions that can be taken in qualitative research,
both for the purposes of ensuring a study’s external reliability and also internal

reliability.

In the current study, to ensure the internal reliability of the research, similar studies
were examined from the literature. Accordingly, the following process steps were

applied in terms of internal reliability:
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1. Research questions were clearly stated, plus the method, process, data
collection method, and the study’s research instruments were explained in

line with the study’s research questions;

2. Research data were obtained by applying interview protocols developed
according to the research questions. Data were first presented without adding
comments, with related quotations from the data also presented. This

approach tried to reflect the originality of the data;

3. Whether or not the research data answered the research questions and the
consistency of the obtained results compared to the findings was
continuously checked (LeCompte & Goetz, 1982; Miles & Huberman, 1994;
Yildirim & Simsek, 2008).

After following these steps, the literature was reviewed prior to creating the draft
code list. For the qualitative analysis, two intercoders analyzed the data obtained
from the interviews in addition to the researcher. Following an explanation about the
study given by the researcher, each intercoder coded the interview data separately,

without contact with either the researcher or the other intercoder.

A draft code list was then discussed by the researcher and the two intercoders in
order to create the final form. An example coding was created using the agreed code
lists, and only after consensus was reached on the sample coding did the actual
coding activity commence. The researcher identified common codes by comparing

the coding made by each of the intercoders to the coding applied by the researcher.

3.7 Researcher Role and Bias

Polit and Beck (2014) described bias as an effect or effects which may contribute to
failure seen in the results of a study. The researcher plays a critical role as the central
instrument in an academic social sciences study (Creswell, 1994; Mehra, 2002;
Yildirrm & Simsek, 2008).
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The researcher in the current study had prior knowledge and research experience on
teaching as a professional, so possessed a good level of knowledge about what the
needs of the target group’s participants were. At the time of the study, the researcher
had taught at the K-12 level for a total of 9 years, and had also studied the current
research area academically since 2006. The researcher supported the concept of
interdisciplinary collaboration, and believed that the involvement of a second
discipline in the teaching of coding could increase students’ programming skills
instinctively. Due to the researcher’s strong belief in the study, and in order to
minimize any researcher bias, the researcher did not take an active role in the
teaching of the participant students in the current study. The eight participant classes
were taught by two different ICT teachers. Also, as another means to minimizing
bias, the researcher worked with 10 different ICT teachers, two mathematics
teachers, and four Measurement and Evaluation experts during the development of
the lessons plans and instruments included in the current study. Therefore, it is
suggested that the lesson plans of both the experimental and control groups were
designed fairly. Additionally, the interview process and achievement tests were also
reviewed by the experts in order to control any potential researcher bias in the current
study.

3.8 Summary of Methodology

The current study was focused according to the research question, “What are the
effects of teaching programming with a traditional approach (TA) and an
interdisciplinary approach (IA) on secondary school students’ attitudes,
computational thinking skills, programming skills, and academic achievement
level?” In order to address this question, six sub-questions were added to the study
in order to find any significant differences between the TA and IA groups according
to their Mathematics Attitude Scale scores, their Computational Thinking Skills Self-
Efficacy Scale scores, their Computer Programming Self-Efficacy Scale scores, their

retention of BASIC Programming Achievement Test results, and both the students’
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and teachers’ opinions about Small Basic Programming and its process. The sample
of the study consisted of 188 students, split equally as 94 females and 94 males. With
both qualitative and quantitative data, the mixed-method research approach was
applied in the study, with a quasi-experimental design employed as the assignments
were not distributed randomly.

In the study, both the experimental and control groups were assigned randomly, with
four distinct experimental groups and four distinct control groups. During the
preparation of the study and the lesson plans, 12 ICT teachers and two mathematics
teachers took part. Also, while applying the experimental process, the researcher
took on the role of mentor to the ICT teachers, and two of the ICT teachers worked
alongside the researcher in teaching the students, with each assigned two control
groups and two experimental groups. The study period lasted for a total of 10 weeks,
plus 1 week used to conduct an achievement test 2 months following the application
in order to measure the participant students’ learning retention. Data were collected
through self-efficacy scales, achievement tests, and the participant students’
mathematics GPA scores as the quantitative data, and via interviews conducted by
the researcher as the qualitative data of the study. The instruments applied during the
study were the Mathematics Attitude Scale, the Computational Thinking Skills Self-
Efficacy Scale, the Computer Programming Self-Efficacy Scale, the BASIC

Programming Achievement Test, and two interview protocol forms.
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CHAPTER 4

FINDINGS

The study was performed based on both qualitative and quantitative data in order to
respond to the primary research question of the study: “What are the effects of
teaching programming with a traditional and an interdisciplinary approach on
secondary school students’ attitudes, computational thinking skills, programming
skills, and academic achievement level?” In this chapter, first the quantitative
analysis results are described with detailed tables, illustrative graphics, and
comments based on the scales applied and an achievement test. This is followed by
the qualitative analysis results from the interviews conducted.

Semi-structured interviews were held with both the teachers who applied the study
as prescribed to them by the researcher, and also with the students who participated
in the study. The interviews not only aimed to reveal the strengths and weaknesses
of the study, but also as a means to investigating the effect of the interdisciplinary
programming teaching approach on the academic achievement of the experimental
groups’ students. In order to highlight any relation between the participants’ and
instructors’ perceptions according to the study’s research questions, the numerical
data analysis results obtained from the quantitative scales and tests were interpreted
according to the qualitative data collected from the interviews. Therefore, this
chapter is divided into two sections, presenting first the Numerical Analysis Findings

and then the Verbal Analysis Findings.

4.1  Quantitative Analysis Findings

Four of the six research sub-questions of the study are addressed in this section. The

numerical data of the study were collected from the application of three scales, the
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Mathematics Attitude Scale, the Computational Thinking Skills Self-Efficacy Scale,
and the Computer Programming Self-Efficacy Scale, and also from the BASIC

Programming Achievement Test.

The scales were applied as a pretest prior to the commencement of the study, and
again at the conclusion of the study as a posttest. The BASIC Programming
Achievement Test was also applied twice; once at the end of the study’s application
stage, and then a second time 2 months later so as to measure the students learning
retention. All of the instruments were applied to both the experimental and control
group students. The findings are presented in the following subsections according to
the relevant research sub-questions.

4.1.1 Research Question A: Mathematics Attitude

This subsection presents the findings in response to the first research sub-question
(@): “Is there a significant difference between the control and experimental groups
according to their Mathematics Attitude Scale scores? ”

The hypothesis for the first research questions is stated below:

Ho: Integrating mathematics into programming courses increases student’s

mathematics attitude.

There is no significant difference between the experimental and control
groups to their mathematics attitude.

Ha: Integrating mathematics into programming courses does not increase

student’s mathematics attitude.

There is a significant difference between the experimental and control

groups to their mathematics attitude.
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The mathematics attitude of the experimental and control groups’ students was
examined in order to answer the first research sub-question. For the purpose of
determining whether or not a significant difference exists between the mathematical
attitude of the students from the first and second application, paired group t-tests
were performed. This procedure was applied both for the experimental and the
control groups. Beside the paired group t-test, independent samples t-tests were
performed so as to compare the scores from the pretests and posttests of both the
experimental and control groups. The results of the two Mathematics Attitude Scale
applications are presented in Table 9.

Table 9. Paired Groups t-Test Differences Between Mean Values from MAS
Scores

Test
Pair Dimension/Scale M SD t df p
(Group)

Pretest

Interest, Compassion,
Pleasure
(Experimental)

2.87 046  1.785 93 .08

Pair 1
Posttest

Interest, Compassion,
Pleasure
(Experimental)

2.75 0.52

Pretest

Interest, Compassion,
Pleasure

(Control)

Posttest

Interest, Compassion,
Pleasure

(Control)

2.65 0.50 -3.130 93 .00**

Pair 2

2.85 0.43
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Table 9. Paired Groups t-Test Differences Between Mean Values from
Mathematics Attitude Scores (continued)

Test
Pair Dimension/Scale M SD t df p
(Group)

Pretest
Fear, Trust 3.00 0.43 2.996 93 .00**

Experimental
Pair 3 (Exp )

Posttest
Fear, Trust 2.83 0.28
(Experimental)

Pretest
Fear, Trust 2.69 0.41 -1.244 93 217

) (Control)
Pair 4

Posttest
Fear, Trust 2.76 0.36
(Control)

Pretest
Professional Importance 3.12 0.46 4.886 93 .00**

Experimental
Pair 5 (Exp )

Posttest
Professional Importance 2.87 0.20
(Experimental)

Pretest
Professional Importance 3.06 0.43 2.333 93 0.02*
(Control)

Pair 6
Posttest

Professional Importance 2.93 0.29
(Control)

Pretest
Pleasure 3.12 0.50 1.292 93 0.2

Experimental
Pair 7 (Exp )

Posttest
Pleasure 3.03 0.49
(Experimental)

Pretest
Pleasure 3.12 0.52 5.345 93 .00**

Control
Pair 8 ( )

Posttest
Pleasure 2.81 0.47
(Control)
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Table 9. Paired Groups t-Test Differences Between Mean Values from
Mathematics Attitude Scores (continued)

Pair

Test
Dimension/Scale
(Group)

M

SD

df

Pair 3

Pretest
Fear, Trust
(Experimental)

3.00

0.43

2.996

93

.00**

Posttest
Fear, Trust
(Experimental)

2.83

0.28

Pair 4

Pretest
Fear, Trust
(Control)

2.69

0.41

-1.244

93

217

Posttest
Fear, Trust
(Control)

2.76

0.36

Pair 5

Pretest
Professional Importance
(Experimental)

3.12

0.46

4.886

93

.00**

Posttest
Professional Importance
(Experimental)

2.87

0.20

Pair 9

Pretest
Mathematics Scale
(Experimental)

3.03

0.28

4.791

93

.00**

Posttest
Mathematics Scale
(Experimental)

2.87

0.16

Pair
10

Pretest
Mathematics Scale
(Control)

2.88

0.24

1.449

93

15

Posttest
Mathematics Scale
(Control)

2.83

0.16

*p < .05

** < 01

When Table 9 is examined, the experimental group’s first application of the
Mathematics Attitude Scale showed a mean score of M = 3.03 (SD = 0.28), while the

mean score for the control group was M = 2.88 (SD = 0.24). While the students in

the experimental group obtained a mean score of M =2.87 (SD = 0.17) from the
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second application of the Mathematics Attitude Scale, the students in the control

group obtained a mean score of M = 2.83 (SD = 0.16).

According to the findings, the experimental group students obtained a mean score of
M = 2.87 in the interest and compassion dimension in the first application of the scale
and a mean score of M = 2.75 in the second. The control group students in the first
application in the same dimension (interest and compassion) obtained a mean score
of M = 2.65, whilst in the second application it was M = 2.85. Therefore, it can be
said that there was a low-level increase seen in the attitudes of the control group

students about interest and compassion compared to the experimental group.

In terms of occupational materiality, a decrease was observed between the first
application (M = 3.12) and the second application (M = 2.87) mean scores for the
experimental group students. In the control group, a decrease was observed between
the mean scores of the first (M = 3.06) and second (M = 2.93) applications. In the
dimension of pleasure, the mean scores obtained by the experimental group in the
first (M =3.04) and second (M = 3.04) applications of the scale did not change,
whilst the mean score (M = 2.83) obtained in the second application for the control

group (M = 3.13) was lower than for the first application.

When the findings are examined, it can be seen that the mean score obtained from
the second application of the Mathematics Attitude Scale for the experimental and
control groups decreased when compared to the first application. In addition, the
difference between the second and first applications of the scale for the experimental
group was -0.16, whilst for the control group it showed a lesser difference at -0.08.
In order to determine whether or not the differences observed between the first and
second applications’ mean scores of the Mathematics Attitude Scale were
statistically significant, comparisons were made between the groups. For this
purpose, independent samples t-tests were performed for each group. The findings
showed that there was no statistically significant difference found between the

experimental and control group students’ Mathematics Attitude Scale mean scores
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for the posttest application (t(186) = 1.415; p > .05).

However, this finding was not an expected situation. Therefore, the extreme values
of the scores obtained by both groups in their posttests were examined using the

Mahalanobis test and eliminated from the dataset where applicable. In this context,

Figure 3. and Figure 4. illustrate the findings according to the related data.
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Following the Mahalanobis test, the extreme values of the posttest scores were
eliminated from the dataset and the tests then re-conducted. Table 10 presents the
results obtained from the independent sample t-test analysis to determine whether or
not the opinions of the participants about their mathematics attitude differed
according to their group.

Table 10. Differences Between Participants’ Opinions based on MAS Scores (by
Group)

Scale (Test) Group M SD t X2-X1  df p
Mathematics Experimental 3.03 0.28 3.914 0.15 186 .00**
Attitude Scale
(Pretest) Control 2.88 0.24
Mathematics Experimental 2.88 0.16 1.635 041 177 .10
Attitude Scale
(Posttest) Control 2.83 0.16

*p<.05 **p<.01 Xo-X1 = difference in mean value

An independent samples t-test was performed to assess whether or not the difference
between the MAS mean scores of the participants in the experimental and control
groups was statistically significant. The pretest results show that the attitudes of the
students in the experimental group towards mathematics showed a significant
difference (t(186) = 3.914; p < .00). In terms of the posttest results, even though the
extreme values had been removed, no statistically significant difference was found
to exist between the mean scores of the experimental and control groups
(t(177) = 1.635; p > .05).

In addition to the t-tests, ANCOVA analysis was conducted in order to observe the
mediation effect of the pretest mean scores of both the experimental and control
groups’ students on their posttest mean scores. The findings obtained from the
ANCOVA analysis are presented in Table 11.
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Table 11. Covariance Analysis of MAS Pretest—Posttest Scores

Source SS df MS F p Np?
MAS Pre Test 0.029 1 .029 1.066 303 .006
Group 0.073 1 .073 2.705 102 .014
Error 4.969 185 027

2 R Squared = .016 (Adjusted R Squared = .006)

The findings presented in Table 11 show that the pretest scores did not have any
effect on the posttest scores (F(1.066), p > .05).

Sobel test analysis was conducted for the purpose of verifying the findings, and also
to provide an additional level of analytical detail. Sobel analysis is used in order to
observe potential interactions and what effects the independent variable may have
by keeping the confidence interval wider. Thus, pretests of the Mathematics Attitude
Scale were used as the mediator to investigate the Sobel analysis. In order to test the
pretests’ mediation effect, a three-stage model was developed, as shown in the

conceptual diagram of the model presented as Figure 5.

Pre-test

Post-test

v

Group
Applheations

Figure 5. Conceptual Diagram of Multiple Regression Analysis
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The effect of the group application on the pretest was examined in the first stage, as

can be seen in Table 12. The results clearly show that group activities affected the

pretest scores (B = -.15).

Table 12. Effect of Group Applications on Pretest Scores

Unstandardized

Standardized

Model coefficients coefficients t p
p SE p
(Constant) 3.18 .06 53.10 .00*
Group Applications -0.15 .04 -15 -391  .00*

[R = .28, R2=.08; F = (1, 186) = 15.32, p < .01].

In the second stage, the effect of the group activities on the posttest scores was also

examined (see Table 13). The results of the analysis showed that the group activities

had no effect on the posttest as the beta value was found to be -0.3 (B =-.03).
Table 13. Effect of Group Activities on Posttest Scores of MAS
Unstandardized  Standardized
Model coefficients coefficients t p
B SE B
(Constant) 2.90 .04 76.76  .00*
Group applications -0.03 .02 -.03 -1.41 .16

[R=.10, R? = .01; F = (1, 186) = 1.53, p > .05]

The mediating role of the pretest was examined in the effect of group activities on

posttest scores in the third stage. The findings in Table 14. show that the expected

values were reached as a result of the analysis.
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Table 14. Effect of Group Applications and Pretest on MAS Posttest Scores

Unstandardized Standardized

Model coefficients coefficients t p
B SE B
(Constant) 3.05 A5 20.10  .00*
Pretest -0.05 .05 27 -1.03 .30
Group Applications -0.04 .03 -.1.65 10

[R=.13,R2=.02; F = (2, 185) = 1.53, p > .05].

The findings of the Sobel analysis are presented in Table 15.

Table 15. Sobel Analysis Results

Effect SE z p

.0071 .01 .9692 .33

The results showed that there is no mediator effect in the pretest results. However,
in order to propose a final decision in this matter, the indirect effect values were
examined as this approach may reveal a possible meaningful effect in the wider
context. In the model, the total effect of group applications on posttest scores, the
direct effect of group applications on posttest scores, and the indirect effect of group
applications (with the mediator effect of pretest) on posttest scores was calculated,
and results are presented in Table 16.
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Table 16. Effect, Direct Effect, and Indirect Effect of Group Applications on MAS
Posttest Scores

Total effect: Group applications on Mathematics Attitude Scale posttest scores

Effect SE t p LLCI ULCI

-.0338 .02 -1.41 .16 -.0810 -.0133

Direct effect: Group applications on Mathematics Attitude Scale posttest scores

Effect SE t p LLCI ULCI

-.0409 .03 -1.65 .10 -.0900 .0082

Indirect effect: Group applications on Mathematics Attitude Scale posttest scores
(with mediator effect of pretest)

Effect SE BootLLCl BootULCI

Pretest .0071 .01 -.0062 -.0256

The findings presented in Table 16. show the mediating effect of the pretest scores
to be insufficient to explain the effect of group applications on Mathematics Attitude
Scale posttest scores (BootLLCI — BootULCI). Therefore, it can be clearly stated
that it is hard to talk about effect in the practical sense, because the effect size is
shown to be low and the mediating effect of the pretest scores is very small compared

to the effect of group activities on the posttest scores.

4.1.2 Research Question B: Computational Thinking Skills Self-Efficacy

This subsection presents the findings in response to the second research sub-question
(b): “Is there a significant difference between the control and experimental groups
according to their Computational Thinking Skills Self-Efficacy Scale scores?” The

hypothesis for the second research questions is stated below:
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Ho: Integrating mathematics into programming courses increases student’s
computational thinking skills.
There is a significant difference between the experimental and control

groups to their computational thinking skills.

Ha: Integrating mathematics into programming courses does not increase

student’s computational thinking skills.

There is no significant difference between the experimental and control

groups to their computational thinking skills.

First, the scores of the Computational Thinking Skills Self-Efficacy Scale were
examined, having been obtained from both the experimental and control student
groups. In order to determine whether or not a statistically significant difference
exists between the mean scores from the pretest and posttest applications of the scale
for both groups, a paired-samples t-test was performed. The procedure was then
followed by independent samples t-tests, so as to compare the differences between
the pretest and posttest scores of the experimental and control groups. Table 17.
presents the results of the students’ Computational Thinking Skills Self-Efficacy
Scale for the experimental and control groups. The results are shown according to
the pretest and posttest scale applications.

Table 17. Mean Scores for Paired Groups t-Test of Students’ CTSSES (Pretest—
Posttest)

Test /Dimension

Palr  (Group) M SD { of )
Pretest / Algorithm Design **
_ (Experimental) 8.84 4.16 -11.485 93 00
art Posttest / Algorithm Desi
osttest / Algorithm Design
(Experimental) 14.94 3.16
Pretest / Algorithm Design 10.39 495 0,965 o3 "
. (Contraol) . . . .
Pair 2 _ _
Posttest / Algorithm Design 9.80 392
(Control) : :
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Table 17. Mean Scores for Paired Groups t-Test of Students’ Computational
Thinking Skills Self-Efficacy Scores (Pretest—Posttest) (continued)

Test /Dimension

Pair (Group) M SD t df p
Pretest / Problem Solving -
- (Experimental) 12.78 4.44 -4.54 93 .00
Pairs Posttest / Problem Solvi
osttest / Problem Solving
(Experimental) 15.47 3.74
Pretest / Problem Solving 14.29 438 1.882 93 06
. (Control) ' ' ' :
Pair 4 -
Posttest / Problem Solving 13.16 416
(Control) ' '
Pretest / Data Processing
_ (Experimental) 8.62 3.65 -6.232 93 .00**
Pairs Posttest / Data P i
osttest / Data Processing
(Experimental) 11.54 2.44
Pretest / Data Processing
_ (Control) 9.04 4.15 2.935 93 .00*
Pair 6 -
Posttest / Data Processing 751 275
(Control) ' '
Pretest / Basic Programming
_ (Experimental) 3.35 2.76 -1459 93 .00%*
Pair? Posttest / Basic P i
osttest / Basic Programming
(Experimental) 8.51 1.92
Pretest / Basic Programming -
_ (Control) 4.36 3.38 -3.082 93 .00
Pair 8 - -
Posttest / Basic Programming 567 512
(Control) ' '
Pretest / Self Confidence
_ (Experimental) 6.40 2.71 -5.824 93 .00**
Pair Posttest / Self Confid
osttest / Self Confidence
(Experimental) 8.29 1.80
Pretest / Whole Scale x
_ (Experimental) 40.29 13.81 -9.775 93 .00
Pair 10
Posttest / Whole Scale 58.74 11.87
(Experimental) ' '
Pretest / Whole Scale 4457 16.11 0.595 93 55
. (Control) : ' ' :
Pair 11
Posttest / Whole Scale 4331 1351
(Control) : '

When Table 17. is examined, it can be seen that the students in the experimental
group achieved a mean score average of M =40.29 (SD = 13.81) from the pretest
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application of the Computational Thinking Skills Self-Efficacy Scale, whilst the
mean score average of the students in the control group was M = 44.57 (SD = 16.11).
Similarly, the posttests result of the experimental group students was M =58.74
(SD =11.87), whilst the control group students’ mean scores averaged M =43.31
(SD =13.51). When these findings are compared, it can clearly be seen that the
students in the experimental groups achieved a higher mean score average compared
to the students from the control groups. Also, the students in the control groups
showed a slightly lower average mean score in the posttest application of the
Computational Thinking Skills Self-Efficacy Scale when compared to the pretest

application.

In addition to the whole scale, results for each subscale (dimension) were also
examined. The experimental group students can be seen to have obtained higher
average scores at the end of the experimental process (posttest) regarding design
algorithms (8.84 to 14.94), problem solving (12.78 to 15.47), data processing (8.62
to 11.54), basic programming (3.35 to 8.51), and self-confidence (6.40 to 8.29).
However, students in the control groups showed a decrease across some of the
subscales, with lower scores obtained in the posttest compared to the pretest
application for algorithm design (10.39 to 9.80), problem solving (14.29 to 13.16),
and data processing (9.04 to 7.51). On the other hand, the control groups’ students
increased their averages slightly in the posttest compared to the pretest for basic

programming (4.36 to 5.67) and also the self-confidence (6.56 to 7.17) dimension.

These findings show that the average mean score increase achieved by the students
from the posttest application concerning the whole scale for the experimental group
was +18.45, which represents a significant increase, whilst the average mean score
of the control group showed a slight -1.26 decrease. Therefore, the findings obtained
from the paired t-test show a statistically significant difference between the mean
scores obtained from the pretest and posttest applications of the Computational
Thinking Skills Self-Efficacy Scale for the experimental group (t(93) =-9,775;
p <.01). In other words, the experimental groups’ students’ self-efficacy skills
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concerning information processing (computational) thinking skills showed a
significant improvement following application of the experimental process when
compared to the pre-experimental application of the scale. There was no statistically
significant difference found to exist between the control groups’ students’ averages
from the pretest and posttest applications of the same scale. Based on this finding, it
can be said that the control groups’ students’ self-efficacy concerning their
information processing (computational) thinking skills did not differ during the

application.

Extreme values of the scale’s scores from both student groups in the posttests were
examined and eliminated from the dataset. In this context, Figure 6. and Figure 7.

illustrate this process.
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Figure 6. Extreme Values from Computational Thinking Skills Self-Efficacy Scale
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Figure 7. Outliers of Computational Thinking Skills Self-Efficacy Scale
(Pretest—Posttest)

After eliminating the extreme values of the dataset from the posttest scores, the
independent sample t-test analysis was conducted in order to see if there was any
difference between the experimental and control groups in respect to their
Computational Thinking Self-Efficacy Skills Scale scores. The results of the
independent sample t-test analysis are presented in Table 18.

Table 18. Between Participants’ Opinions Regarding Subscales of CTSSES Scores
(by Group)

Scale (Test) Group M SD t X2-X1 df p

Computational

Experimental 4029 1381 -196 -4.28 186 .05*
Thinking Skills

Self-Efficacy

4457 16.11
Scale (Pretest) Control

Computational £, oimental 58.74  11.87 1099  17.44 182  .00**
Thinking Skills

Self-Efficacy
Scale (Posttest)

Control 4331 1351

*p<.05 **p<.01 X2-X1 = difference in mean value
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In order to determine whether or not the difference between the mean scores of the
experimental and control groups’ students on the Computational Thinking Skills
Self-Efficacy Scale were statistically significant, an independent samples t-test test
was performed. At the end of the test, it was observed that the students’
computational thinking skills self-efficacy differed significantly between the pretest
(t(186) = -1.96; p < .05) and posttest (t(186) = 10.99; p < .01) scale applications.

While the mean scores from the Computational Thinking Skills Self-Efficacy Scale
for the experimental groups’ students was lower than the from the control groups
prior to the experimental process (pretest), it was found to be higher after the
experimental process had been applied (posttest). Based on this finding, it can be
said that the teaching of coding with an IA increases students’ self-efficacy in

computational thinking skills.

In addition to the t-tests, ANCOVA analysis was applied in order to reveal any effect
that the pretest averages of the experimental and control groups’ students had on the

posttest averages. The results of this analysis are presented in Table 19.

Table 19. Covariance Analysis CTSSES Pretest—Posttest Scores

Source SS df MS F p Np?
CTSSES Pre- 27.081 1 27.081 233 .630 .001
Test

Group 13,887.309 1 13,887.309 119.357 .000 397
Error 21,059.595 181 116.351

& R Squared = .400 (Adjusted R Squared =.393)

The covariance analysis findings showed that the students’ pretest scores did not
influence their posttest scores (F(1, 181) =.233; p >.05). In other words, while the
pretest has no effect on the posttest, it can be said that the Computational Thinking
Skills Self-Efficacy Scale averages scores for the experimental groups’ students
increased significantly in the posttest application when compared to the control

groups’ students.
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4.1.3 Research Question C: Computer Programming Self-Efficacy

This subsection presents the findings in response to the third research sub-question
(c): “Is there a significant difference between the control and experimental groups

according to their Computer Programming Self-Efficacy Scale scores?”

The hypothesis for the third research questions is stated below:

Ho: Integrating mathematics into programming courses increases student’s

programming skills.

There is a significant difference between the experimental and control

groups to their programming skills.

Ha: Integrating mathematics into programming courses does not increase

student’s programming skills.

There is no significant difference between the experimental and control

groups to their programming skills.

First, the average scores from the applications of the Computer Programming Self-
Efficacy Scale (CPSES) were examined for both the experimental and control
groups. In order to establish whether or not there was a statistically significant
difference between the experimental and control groups’ students, the averages of
from both the pretest and posttest applications were analyzed by a paired samples t-
test. This procedure was applied both to the experimental and the control groups.
Second, independent sample t-tests were also performed for both the experimental

and control groups in order to compare the pretest and posttest scores.

The results of the experimental and control group students’ averages obtained from
the pretest and posttest application of the Computer Programming Self-Efficacy

Scale are presented in Table 20.
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Table 20. Group t-Test: Difference between Students’ CPSES Scores (Pretest—
Posttest)

. Test /Dimension
Pair (Group) M SD t df p

Pretest / Basic Coding

(Experimental) 3.26 1.49 -15.809 93 .00

Pair 1

Posttest / Basic Coding

(Experimental) 6.06 0.88

Pretest / Basic Coding

(Control) 4.44 1.67 -1.672 93 .10

Pair 2 - -
Posttest / Basic Coding

(Control) 4.76 1.18

Pretest / Complex
Coding 2.79 1.19 -13.326 93 .00

Experimental
Pair 3 (Exp )

Posttest / Complex
Coding 5.07 1.05
(Experimental)

Pretest / Complex
Coding 3.73 1.50 2.331 93 .02

) (Control)
Pair 4

Posttest / Complex
Coding 3.26 1.30
(Control)

Pretest / Whole Scale

(Experimental) 6.05 2.38 -16.378 93 .00

Pair 5
Posttest / Whole Scale

(Experimental) 11.14 17

Pretest / Whole Scale

(Control) 8.16 2.97 0.417 93 .68

Pair 6

Posttest / Whole Scale

(Control) 8.01 2.27

When the results from Table 20. are examined, it can be seen that the average
Computer Programming Self-Efficacy Scale score for the experimental groups’
pretests was M = 6.05 (SD = 2.38), whilst for the control groups’ pretests it was
M =8.16 (SD = 2.97). The average posttest score for the experimental groups was
M =11.14 (SD = 1.71), whilst it was M = 8.01 (SD = 2.27) for the control groups.
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The findings from the components (dimensions) of the scale show that the
experimental groups’ students obtained higher average scores from the Computer
Programming Self-Efficacy Scale at the end of the experimental study process
(posttest). The results for the control groups showed slightly lower average posttest
values than for the pretest application.

When the component dimensions of the scale were examined, the experimental
groups’ students showed higher average scores in their posttest results when
compared to the pretest for basic coding skills (3.26 to 6.06) and complex coding
skills (2.79 to 5.07). The averages of the control groups’ students for basic coding
skills increased slightly (4.44 to 4.76) in the posttest, but achieved lower average
scores for complex coding skills (3.73 to 3.26). Therefore, it can clearly be seen that
the average scores achieved in the posttests by the experimental groups’ students
increased when compared to their pretest scores. However, the averages of the
control groups mostly decreased when the pretest application results were compared
to that of their posttest. In addition, the difference between the pretest and posttest
scale applications for the experimental groups was +5.09, whilst it was -0.15 for the

control groups.

The paired t-test results show that the pretest to posttest differences in scores for the
Computer Programming Self-Efficacy Scale between the experimental and control
groups were found to be statistically significant (t(93) =-16.38; p <.01). In other
words, the programming skills of the experimental groups’ students showed a
significant improvement following application of the experimental process (posttest)
when compared to the pre-experimental process (pretest). However, for the control
groups, no statistically significant difference was observed between the averages
obtained from the pretest and posttest applications of the Computer Programming
Self-Efficacy Scale.

Prior to conducting the between group comparison, extreme values of the scores

obtained by both sets of groups in the pretests and posttests were examined and
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eliminated from the dataset. In this context, Figure 8. and Figure 9. were created

according to the related data.
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Figure 8. Extreme Values from Computer Programming Self-Efficacy Scale
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Figure 9. Outliers of Computer Programming Self-Efficacy Scale Pretest—Posttest
Applications

The extreme posttest score values were eliminated from the dataset. Table 21.

presents the results obtained from the independent sample t-test analysis which was
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conducted in order to determine whether or not the opinions of the participants on

the subject of their programming skills differed according to their group.

Table 21. Participants’ Opinions Regarding CPSES Scores (by Group)

Scale (Test) Group M SD t ))(<21 df p
Computer Experimental  6.05  2.38 212 186 .00%*
Programming 5.387

Self-Efficacy

(Pretest) Control 8.16 2.97

Computer Experimental  11.35 141 1298 3.47 180  .00**

Programming
Self-Efficacy

(Posttest) Control 7.88 211

*p < .05 **p<.01  Xz-Xi=difference in mean value

In order to establish whether or not there was a significant difference between the
mean scores of the experimental and control groups’ students for the Computer
Programming Self-Efficacy Scale, an independent samples t-test test was performed.
The test results show that there was a statistically significant difference found
between the experimental and the control groups in terms of their pretest scores
(t(186) = -5.39; p < .01) and posttest scores (t(180) = 12.98; p < .01).

While the mean scores of the Computer Programming Self-Efficacy Scale for the
experimental groups’ students were lower than those of the control groups prior to
the experimental process application (pretest), they were shown to be higher at the
end of the study according to their posttest results. Based on these findings, it can be
said that the teaching of programming with an IA increases students’ programming
skills to a level that is statistically significant.

Next, ANCOVA analysis was conducted in order to observe the effect of the pretests
average scores of the groups on the posttests average scores. The results from this
analysis are presented in Table 22.

89



Table 22. Covariance Analysis of Students’ CPSES Pretest-Posttest Scores

Source SS df MS F p Np?
CPSES Pre-Test 1916 1 1.916 .589 444 .003
Group 496.040 1 496.040 152.581 .000 .460
Error 581.928 179 3.251

& R Squared = .485 (Adjusted R Squared = .479)

The findings showed that the pretest scores did not have a statistically significant
effect on the posttest (F(1, 179) = 152.58; p > .05). In other words, while the pretest
had no effect on the posttest, it can be said that the programming skills averages of
the experimental groups increased significantly in the posttest application when
compared to those of the control groups.

4.1.4 Research Question D: Small Basic Programming Achievement

This subsection presents the findings in response to the fourth research sub-question
(d): “Is there a significant difference between the control and experimental groups
in their retention of Small Basic Programming Achievement Test results? ”

The hypothesis for the fourth research questions is stated below:

Ho: Integrating mathematics into programming courses increases student’s

reintetion of programming skills.

There is a significant difference between the experimental and control

groups to their reintetion of programming skills.

Ha: Integrating mathematics into programming courses does not increase

student’s reintetion of programming skills.

There is a significant difference between the experimental and control

groups to their reintetion of programming skills.
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In analyzing the collected data to answer the fourth research sub-question, the same
procedure was followed as applied to the first three research sub-questions. First, the
BASIC Programming Achievement Test was applied twice and the scores analyzed
using paired-samples t-test in order to determine if there was a significant difference
found between the averages obtained from the pretest and posttest applications to
students from the experimental and control groups. After that, repeated measures
variance analysis was performed to compare the pretest and posttest scores of the
experimental and control groups. Extreme values of the scores obtained from the
pretest and posttest applications of the BASIC Programming Achievement Test for
the experimental and control groups were examined and eliminated from the dataset
prior to conducting in group comparison. Extreme values for both groups are

illustrated as shown in Figure 10. and Figure 11.
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Figure 10. Extreme Values from Small Basic Programming Achievement Tests
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Figure 11. Outliers of Small Basic Programming Achievement Test (Pretest—
Posttest)

The results of the experimental and control groups’ students’ average scores obtained
from the pretest and the posttest applications of the BASIC Programming
Achievement Test are presented in Table 23.

Table 23. Paired Groups t-Test: Differences Between Mean Scores from Pretest &
Posttest of SBPAT

Pair Test (Group) M SD t df P
Pretest / SBPAT 8332 1204 0478 90 62
(Experimental)

Pair 1
POS'['[ES_I [ SBPAT 84.28 11.58
(Experimental)

Pretest SBPAT (Control) 67.98 16.53 5.144 93 .00

Pair 2

Posttest / SBPAT (Control) 60.32  18.03

When Table 23. is examined, it can be seen that the students in the experimental
group obtained an average mean score of M = 83.32 from the pretest application of
the Small Basic Programming Achievement Test, whilst the control groups’ students
obtained an average mean score of M = 67.98. The average mean scores from the

posttests were M = 84.28 from the experimental groups’ students, and M = 60.32 for
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students of the control groups. The mean scores achieved by the experimental
groups’ students increased slightly by +0.96 points in the posttest. However, for the
control groups’ students, their posttest Small Basic Programming Achievement Test

results were much lower, representing a decrease of -7.66.

The paired t-test was used to determine whether or not the changes seen in the mean
scores were statistically significant. The findings of the paired-samples t-test showed
that there was no statistically significant difference between the pretest and posttest
Small Basic Programming Achievement Test scores for students in the experimental
group, but that there was a statistically significant difference (p < .01) found to exist
between the mean scores average obtained from the pretest and posttest results for
the control groups’ students. According to Table 23, the average mean score of the
control groups’ students in the posttest application of the Small Basic Programming
Achievement Test differed to a statistically significant level from that of the pretest
(t(93) =5.144; p <.01). Based on this finding, it can be said that the experimental
groups’ students did not experience a decrease in the average score in contrast to the
control group students. In fact, the achievement test scores of the experimental group
students increased slightly (+0.96), although the increase was not found to be
statistically significant. Also, the findings show that posttest scores of the Small
Basic Programming Achievement Test in terms of the control groups’ students were

lower (-7.66) than the pretest scores.

ANCOVA (repeated measures variance analysis) was applied in order to examine
whether or not the mean distribution differed according to the sub-groups. In the
analysis, the scores obtained from the pretest and posttest applications of the Small
Basic Programming Achievement Test were compared in eight groups, four of which
were experimental groups and four control groups. According to the findings from
the ANCOVA analysis, there was a difference observed between the average scores
of the experimental and control groups pretest and posttest scores for the Small Basic

Programming Achievement Test, and that the difference was shown to be statistically
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significant (Wilks Lambda =.915, F =19.669, p <.001). Figure 12. graphically

illustrates this finding.
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Figure 12. Differences Between Groups for Students’ Small Basic Programming
Achievement Test Pretest—Posttest Scores

The graph illustrated in Figure 12 shows that the Small Basic Programming
Achievement Test pretest and posttest averages of the four experimental groups were
close to each other. However, when the average scores from the four control groups
were examined, it can be seen that the scores decreased significantly between the

pretest and posttest applications of the Small Basic Programming Achievement Test.

Independent samples t-tests were then conducted so as to observe how the difference
compared between the primary groups (experimental and control). The findings from

this test are presented in Table 24.
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Table 24. Differences Between Participants’ SBPAT Scores (by Group)

Test Group M SD t X2-X1 df p

Experimental 83.32 12.04 6.82 96 184 .00**

SBPAT (Pretest)
Control 84.28 11.58

Experimental 67.98 16.53 10.52 -7.66 181 .00**

SBPAT (Posttest)
Control 60.32 18.03

The independent samples t-test was performed in order to determine if there was a
significant difference between the mean scores of the experimental and control
groups for the Small Basic Programming Achievement Test results. According to the
t-test results, the pretest (t(184) = 6.82; p < .01) and posttest (t(181) = 10.52; p < .01)
results were found to be statistically different. Based on these findings, it can be said
that students who were taught programming with the integration of the 1A achieved
higher results than the students taught programming according to the traditional

single-subject method. Figure 13 graphically illustrates the findings from this test.
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Figure 13 Differences Between Groups for Students’ Small Basic Programming
Achievement (Pretest—Posttest) Scores
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4.2  Qualitative Analysis Findings

This section details how the qualitative data of the study were analyzed in order to
answer the two research sub-questions that related to the interviews conducted with
the participant students and teachers. In total, 24 students’ interviews were
conducted, plus both of the teachers who taught classes as part of the study were also
interviewed. For the student interviews, three students from each group were chosen
according to their mathematics GPA level, with one student who held the highest
GPA, one student whose GPA was ranked in the middle of the class, and one student
who held the lowest GPA in the class. Verbal data were obtained from the 26

interviews.

421 Descriptive Analysis of Qualitative Data

The verbal data obtained from the interviews were formed as codes in accordance
with the content analysis method. The codes were generated and then arranged under
themes according to their characteristic similarities. The 24 interviews conducted

with the students were divided into the following five themes;

e Programming language tools used prior to the study,

e Opinions regarding challenges using MS Small Basic programming tool,

e Opinions regarding learning programming with MS Small Basic
programming tool,

e Opinions regarding the most helpful elements during learning programming,

e Positive and negative opinions about the MS Small Basic programming tool.

These five main themes were formed based on the data collected from both
experimental and control group students. Together with the aforementioned student
levels (Level 1: highest GPA, Level 2. middle GPA, Level 3: lowest GPA),
representing the students’ mathematics GPA results, Figure 14 provides an

illustrative summary of the content analysis findings.
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Figure 14. Themes and Sub-themes of the Study

As shown in Figure 14., the views of the interviewed experimental and control group
students on the teaching of programming using Small Basic based on an IA were
examined according to their mathematics academic achievement (mathematics
GPA), and divided into three student levels by the researcher. These three student
levels were formed in accordance with the students’ mathematics GPA, which was
calculated based on their cumulative mathematics scores during Grade 5, Grade 6,
and Grade 7. Level 1 was assigned to the students with the highest mathematics GPA
score in their class, whilst Level 2 was assigned to the students with the middle-
ranking mathematics GPA score, and Level 3 to the students with the lowest
mathematics GPA score in their class. The responses of the students to the predefined
interview questions were examined thematically in accordance with their assigned

levels, as well as to which group they belonged, experimental or control. Information

97



about the 24 students interviewed, and the codes they were assigned by the

researcher, are presented in Table 25.

Table 25. Details and Assigned Codes for Interviewed Students

Order ID Gender Group Level
Student 1 SE1 F EXP1 1
Student 2 SE2 M EXP1 2
Student 3 SE3 M EXP1 3
Student 4 SC1 M CG1 1
Student 5 SC2 M CG1 2
Student 6 SC3 F CG1 3
Student 7 SE4 M EXP2 1
Student 8 SE5 F EXP2 2
Student 9 SE6 F EXP2 3
Student 10 SC4 F CG2 1
Student 11 SC5 M CG2 2
Student 12 SC6 M CG2 3
Student 13 SE7 F EXP3 1
Student 14 SE8 M EXP3 2
Student 15 SE9 F EXP3 3
Student 16 SC7 F CG3 1
Student 17 SC8 M CG3 2
Student 18 SC9 F CG3 3
Student 19 SE10 F EXP4 1
Student 20 SE11 F EXP4 2
Student 21 SE12 M EXP4 3
Student 22 SC10 M CG4 1
Student 23 SC11 F CG4 2
Student 24 SC12 M CG4 3
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Findings from a preliminary examination of the interview transcripts were assessed
in order to ascertain whether or not there were similarities between the opinions
given by the 24 interviewed students. In this context, the interview data were
examined and similarities established using Pearson Word Correlation calculation in
the Nvivo 12 program. The similarities were grouped according to the most common
findings, as can be seen in Figure 14.
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Student 23 -CG 4

Student 21 - EXP4
_{: Student 10 - CG 2
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Student 3 - EXP1
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Student 9 - EXP2

_{: Student 1 - EXP1
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l Student 16 - CG 3

Student 22 G4

Figure 15. Similarities Between Students’ Views (by Group)

When Figure 15. is examined, it can be seen that the opinions of the students from

both the experimental and control groups were found to be generally similar.
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However, it was observed that some students from one group expressed similar
opinions to students in the opposite groups (e.g., experimental group students having
expressed similar opinions to control group students). These similarities are paired
in the same column such as Student 13 EXP3 and Student 23 CG4, or Student 6 CG
and Student 9 EXP2.

The interviews conducted with the 24 students were based on seven predefined
questions. The first two questions asked concerned the participants’ characteristics.
The following five questions were asked in order to determine the level of the
students’ programming knowledge prior to the study, their view about the MS Small
Basic Programming Tool, with both positive and negative responses recorded, as
well as their experiences and perceived challenges learning about the program and

how to code with it.

4.2.2 Research Question E: Teachers’ Thoughts on Teaching Visual
Programming Tool

This subsection presents the findings in response to the fifth research sub-question
(e): “What do teachers think about the teaching of visual programming tool using

traditional and interdisciplinary approach methods?”

The verbal data collected from the interviews conducted with the two participant
teachers were analyzed by content analysis. The interviewed teachers were both ICT
teachers; with Teacher 1 (T1) having taught information and computer technology
classes for 6 years, and Teacher 2 (T2) having taught for 12 years. A code table was

constructed according to the interview data, as shown in Table 26.

100



Table 26. Teachers’ Views on Programming Teaching

Problem Solving Computational Thinking Algorithmic Thinking

Love of mathematics and  Mentoring supports similar Online assessment

coding success are capabilities in programming

directly proportional & mathematics

Abstract problems Programming projects are Setting up an equation
functional

Real-life samples Inductive teaching Concretizing abstract

subjects
Cycle-variable HTML CSS
Action script Block-coding language Small Basic

Both T1 and T2 have similar teaching experience with programming languages, and
T1 stated these languages as being “HTML, CSS, Python, Small Basic, block-coding
languages, [and] action script, ” whilst T2 indicated more general thoughts instead
of giving programming language names, saying: “We are trying to mentor in the

teaching of languages that may be needed in different branches in the future.”

When the teachers were asked for the reasons for teaching programming languages
to young students, T1 briefly said the purpose was “To make students learn how to
write program code,” while T2 stated “I teach programming languages to help
students improve their algorithmic thinking, problem solving, and computational
thinking skills, and because mentoring students in these three areas is important

during early ages.”

The teachers were asked whether or not they experienced any difficulties whilst
teaching computer science and programming to young students. T1 stated having had
no difficulty in teaching programming languages to the students, whilst T2
sometimes stated sometimes having had difficulty finding the right subjects, saying
that “Sometimes | find it hard to find an interdisciplinary subject that will

complement the work. ”

The next question asked to the teachers was whether or not they considered

programming instruction integrated with a mathematics course had the effect of
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increasing students’ motivation to learn. Both of the teachers answered “yes” to this
question. Also, the teachers shared their opinions about integrating mathematics as a
secondary discipline on a programming course. T1 stated that, “I think that using
mathematical elements increases motivation while learning programming and
supporting mathematics, and in similar abilities, ” whilst T2’s opinion was that, “Of
course, it has had a positive effect for math lovers, but for those who do not [love

math], it can have a negative effect.”

The third question directed to the teachers sought their views on the differences
between teaching programming through integration with mathematics and the
classical method of having distinctly separate subjects. The teachers expressed both
similar and differing views on this subject. T1 stated there being certain advantages
to integrating mathematics as a secondary discipline in programming courses, saying
that “Since the project is based on clearer and more accurate conclusions and
judgments, | think that making programming projects has a more facilitating effect
on the students, ” whilst T2, in support of previous statements made, expressed that
love of math is an important issue, saying: “l think that mathematics plays an
important role in understanding problems. So, it is easier to explain the lesson, and
is especially interesting for math lovers. ”

Besides the perceived advantages of interdisciplinary collaboration, the teachers
stated certain disadvantages to the program as well. T1 stated seeing difficulties with
the project, saying that “Integrating into the real-life while producing the project
subject requires a little more effort and creativity than the classical method, ” whilst
T2 considered that such a course has a more compelling effect for those who do not
like mathematics, stating that “It was more challenging for those who didn’t like
math. It is important to use the right terms in the field of mathematics, and to explain

problems using the right expressions. ”

The teachers were also asked for their thoughts on the TA of teaching programming

languages. According to the teachers, there were some advantages to lecturing

according to the classical method. For example, T1 stated that “abstract subjects can
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be embodied with real-life examples,” while T2 mentioned that ‘“describing
problems remains abstract; | don’t think it addresses every student.” On talking
about the perceived disadvantages of teaching programming language through the
TA, T1 stated that “Transformation of real-life scenarios into coding makes it easier
for students to comprehend the subject, ” whilst T2 stated that “It makes it easier for
students to comprehend the transformation of real-life scenarios mentioned in
programming.” From the interview responses of the two teachers, students may
experience problems from the classical method of teaching programming in terms of
transferring real-life conditions to programming processes. This situation was
emphasized by the teachers as a general condition associated with the classical

teaching method for programming learning.

After capturing the teachers’ opinions regarding their perceived advantages and
disadvantages of both the TA and IA of teaching programming, the teachers were
asked which method they would prefer to use in the future. On this point, T1 stated
preferring mathematics integrated into programming instruction, saying that: “Using
mathematics may be the method of choice when it comes to programming, because |
think it is more effective to explain topics such as loop-variable with elements such
as equations and mathematical formulae. ” Although T2 held similar ideas on this
issue, T2 stated preferring to return to the classical method of teaching programming
in cases where the integrated teaching was not well enough understood, saying that:
“I might prefer to use math, but where [a topic is] not understood, | would switch
back to the classical method. ”

The fourth question asked to the teachers concerned any difficulties they faced during
the application of the process of the current study. The teachers shared different
opinions with regards to this question. T1 stated that, “After the lecture, the projects
requested from the students could be enriched. ” T2 shared facing certain problems
due to the general functioning of the school’s schedules that had to be followed
according to the educational semester, and stated that “There were some problems

due to the functioning of the school. At the end of the study, the results of the
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achievement test applied to the students were shared with them, but the results of the

posttest were not shared. ”

The next question asked to the teachers concerned what should be included in lesson
plans prepared for the teaching of programming integrated with mathematics. T1
proposed the combination of student work, gradually going from piece to piece,
saying that: “Large semester projects can be combined with tiny elements that
interconnect with each other to create a whole course project plan. In this way, by
the semester end, students could have produced a program covering all subjects,”
whilst T2 stated that: “The lesson plans were very directive and | didn 't feel anything

more needed to be added, so | have no need to make any suggestions. ”

The sixth question focused on the teachers’ opinions about integrating mathematics
in the teaching of programming by way of interdisciplinary collaboration. T1 stated
that: “I am very positive about the integrated use of mathematics in programming.
Personally, | think it would be advantageous to use mathematics and mathematical
applications in programming, both as a lifelong programming learner and as a
programming instructor.” T2 stated that it would be more appropriate to include
mathematical problems in programming teaching instead of directly, stating that, “It
may be more effective to integrate mathematics into the subject by asking students to
make some calculations within the subject, not by giving them direct mathematical

problems.”

In the final question, the teachers were asked whether they wished to share any other
thoughts about the research study process. T1 expressed an appreciation for the
opportunity to apply lesson plans with clear direction, whilst T2 stated that the
content should be richer still, saying that: “Instead of focusing on two areas,
Classical and Math, we could keep the content richer. However, | think it was
necessary to choose two fields. We could make online mid-term assessments and
share their answers with students instantly. Thank you for all your efforts and | wish

you success in your work.”
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Teachers were asked these two questions to detect (find out) how their teaching
methods affect their teaching enthusiasm: "Which teaching method do you feel a
tendency to use in your lessons; traditional method or interdisciplinary method with
the integration of mathematics?" "How did your preference affect your desire to
lecture?” T1 stated that he preferred to teach with an IA because it made the abstract
subject more tangible for the students. He also stated that “at the beginning, it did
not affect my teaching desire, however, after observing my students’ enthusiasm and
active participation in the classes where | used the interdisciplinary method, |
became one of the staunch supporters of interdisciplinary collaboration in teaching
programming”. T2 indicated a similar view, “I saw the lights of curiosity in the
students' eyes when I was teaching programming with mathematics. It didn’t affect
my teaching passion, so | taught with the same passion to both groups, however, it
made me feel more excited when | taught programming with interdisciplinary

1

collaboration.’

4.2.3 Research Question F: Students Thoughts about Visual

Programming Tool

This subsection presents the findings in response to the sixth research sub-question

(F): “What do students think about visual programming tool and its processes?”

In order to answer this research sub-question, data obtained from interviews held
with the selected participant students were analyzed through content analysis. The
researcher’s interviews were conducted with 24 students, representing three students
from each study group. The interviewees were selected according to their academic
level in mathematics. Level 1 was applied to a student with the highest GPA in their
class, whilst Level 2 held a mid-level GPA, and Level 3 was applied to the student
with the lowest mathematics GPA in the class. Based on this, 12 students were

interviewed from the experimental groups and 12 from the control groups.
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The responses of the students to questions asked to them about Small Basic teaching
were analyzed according to content analysis. As a result of this process, the students’
views on the teaching of interdisciplinary coding with Small Basic were evaluated
separately in the context of the five questions they were asked. By creating categories
related to each question, the codes obtained from the students’ interview transcripts

were associated with the categories.

In reporting excerpts and opinions of the interviewed students, their mathematics
academic achievement level is shown in brackets, along with the code assigned to
each interviewed student by the researcher. Students were assigned a code with an
“E” to denote being from an experimental group, or “C” if they were from a control
group. Similarly, the code “L1” denotes a student at Level 1 (highest GPA), whereas
“L2” means a student at in Level 2 (mid-level GPA), and “L.3” assigned to a student
at Level 3 (lowest GPA). For example, SE3 (L3) means Student 3 was from an
experimental group, and had the lowest math GPA in their class (hence, Level 3).

The first two questions asked to the students in the interviews related to their personal
characteristics. The third question asked to the students concerned whether or not
they had used programming languages or tools prior to the commencement of the

study.

The third interview question posed to the students concerned the programming tools
they had used prior to the study. While five students from the experimental groups
had not previously used any type of coding language before, seven of the students
had done so. It was noted that the most successful students from the experimental
groups (bar one) stated having previously used coding languages prior to the study.
From the control group, four students stated not having previously used coding
languages or tools before, whilst eight of them stated having some previous
experience with different programming languages. Of the four control group students
with no previous programming experience, three were of low academic achievement,

whilst the other was of moderate achievement, according to their GPA.
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The programming languages previously used by the experimental group students
mostly related to the use of the JavaScript, Kodu Game Lab, Scratch, Small Basic,
Mindstorm, Arduino, mBlock, and O-Bot programming languages and tools.
Examples of statements taken during the experimental groups’ students include the
following: SE9 (L3): “I've done programming using Small Basic before, and /’ve
also used the Kodu Game Lab and Scratch.” and SE7 (L1): “Yes; Mindstorm,
Scratch, Arduino Cscript, and Mbot. ”

When the programming languages and tools used by the control groups’ students
were examined, the most commonly used prior to the study were JavaScript,
HTMLS5, mBlock, Scratch, Small Basic, C ++, Arduino C, Python, C #, Visual Basic,
and Code.org. Example statements taken from the interview transcripts of the control

groups’ students include the following:
e SC2(L2): “HTMLS5 and JavaScript. ”

e SC7 (L1): “Yes, I used it. I worked with Arduino C and Scratch. We were

also taught Small Basic related lessons in the software course. ”

e SC10 (L1): “Yes I used. | know Python, C#, Visual Basic, and Arduino. ”

The next interview question directed to the students was to gauge their positive and

negative opinions about the Small Basic programming language.

The opinions obtained from the experimental group show that 10 out of the 12
students interviewed mentioned various negative aspects such as features missing
from the program, whilst two students stated having no negative opinion with regards
to the Small Basic programming language. In considering the control groups’
students’ opinions, eight students mentioned Small Basic having certain negative
features, whilst the other four students indicated that the programming language was
easy to learn, but that it was not considered to be very functional.

Table 27. presents the codes assigned for the negative opinions of the experimental

and control groups’ students about the Small Basic program, which are classified
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according to the three aforementioned levels of academic achievement in

mathematics.

Table 27. Codes Created for Students’ Negative Opinions about Small Basic

Achievement Experimental group Control group

level

Level 1 Limited content Boring
Lack of Turkish support Very easy

Level 2 Non-consideration of codes No complex function
Lack of preview of codes Limited text color

Some items required hard work

Level 3 Too many numbers / too much text Difficult to understand
Difficult problems require a lot of Complex interface
thinking
Doubts about usefulness Continuous change of encoding type

According to the experimental groups’ students, whilst using the Small Basic
program is not considered to be very difficult, its functionality is somewhat
controversial. For example, the student coded as SE1 (L1) said that, “It could have
been a bit more extensive. ” Student SE3 (L3) was less enthused, stating that: “l don 't
think I will use it in the future.” Some of the students from the experimental groups
mentioned that the program was seen as challenging, and that it required some time
to achieve competency in using its functions. Notably, student SE12 (L3) remarked
that “There were examples that required me to think too much. Sometimes I couldn 't
do the problems | wanted to do with simple thinking. ” Student SE24 (L1) stated that
the program was easy to use; however, language support was needed for some of its
features: “I would like the program to have Turkish language support, as English is

sometimes confusing. ”

The opinions of the control groups’ students about Small Basic in general was that
they found it easy to use, but that they considered its functions not to be satisfactory.
For example, student SC8 (L2) stated that instead of having to work hard in using
the program, games could be written easier using another program: “Small Basic is

just for preparing a speech and basic graphics, | would have done so much more
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coding as a game. ” Student SC10 (L1) also made similar comments, saying that,
“It’s a very easy application for someone who knows how to program. So, | didn 't
give it much attention, ” and student SC5 (L2) said that “It does nothing but write
and use simple functions. ” There were also some students who saw the program as
uninteresting. For example, student SC1 (L1) described the program as “boring,”
while SC3 (L2) expressed that: “A different type of coding was applied all the time,

and some of us did not like this programming and felt it was boring.”

On the other hand, some of the students complained about difficulties in using the
program. Accordingly, student SC6 (L3) could not envision using the program
because it was considered difficult to understand. Similarly, student SC11 (L2) stated
that “It was a bit difficult for me. | had to ask questions to my teacher and to my

friends.”

When the students were asked for any positive opinions about using the Small Basic
programming language, the codes obtained from the content analysis from both the

experimental and control groups’ students are as presented in Table 28.

Table 28. Codes Created for Students’ Positive Opinions about Small Basic

Achievement Experimental group Control group
level
Level 1 Easy to use
Creates productivity Understandable language, easy
code finding
Easy to write simple code Good option to start coding

Easy and intuitive interface

Level 2 Writing code that can control the computer Easy to use and understand
Has a good purpose Easy to learn

Comfortable

Level 3 Strengthens the perception of coding Has automatic code completion
Simple structure

With ready codes

Students from both groups generally agreed that Small Basic was good for starting

to learn programming because it was not considered confusing, and was seen as easy
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to learn. The experimental groups’ students shared their opinions with details about
their usage of the program, stating that the program could be more functional, while
the control groups’ students also shared their thoughts about the use of Small Basic

and its features.

According to the experimental groups’ students, one of the most positive features of
the program is that it is easy and fun to use. Student SE1 (L1) stated that “/z’s easy
to use. | can write the programs | want. | think it will help me in the future,” and
student SE4 (L1) said that “it was fun coding, | even started using my own calculator
at home.” Student SE5 (L2) talked about being able to control a computer using
Small Basic, and stated that: “It was fun to write a program that | talked to, like Siri.
| learned how to make the computer talk and take certain actions.” Some of the
students shared their opinions about programming with Small Basic as it being
capable of both simple and complex coding as it was perceived to be both easy and
challenging at the same time. As an example, student SE7 (L1) said that “Beginners
can create very good complex coding, and simple code is very easy to write too.”
According to student SE8 (L2), “the program is very understandable and
comfortable to use, ” while student SE12 (L3) indicated that “the ready code that
pops up made the programming easier.” Among those interviewed from the
experimental groups, some students found Small Basic to be fun to use. Student SE10
(L2) said that “It helped me to be able to create fun code. For example, it was fun to
present the instalment cash sample with the program which was something we use
in real life,” and student SE11 (L2) was similarly supportive, saying “I did it
[coding] with fun.”

The positive aspects of Small Basic programming as stated by the control groups’
students are mostly about it “being easy, easy to understand the language, with
automatically entering the first letter of the code and with its fun activities. ” Student
SC10 (L1) highlighted that “It can be nice for new learners. The interface we used
was easy and straightforward,” whilst student SC4 (L1) stated that the program

featured ‘“understandable language, easy code finding, ” and student SC5 (L2)
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mentioned that “it was easy to understand and write. ” One particular positive feature
of Small Basic was stated by student SC6 (L3), saying that “Some code
automatically generates when we type the first letter, and that made me code easier. ”
In addition, student SC8 (L2) stated that the program was very effective and basic
for teaching coding, saying, “l have learned how to program through Small Basic. ”
Even though most of the students held positive opinions, three students expressed
having more negative perceptions of the program, with student SC12 (L3) even

saying, “I cannot see a positive side because it was difficult for me. ”

The fifth interview question asked to the students sought to elicit their opinions with
regards to what made learning programming through Small Basic challenging for
them. The students’ responses to this question are again grouped according to the
same three levels of mathematic achievement based on their GPA, and are presented
in Table 29. The table includes the content analysis codes that were assigned
according to the experimental and control groups’ students’ responses regarding the

challenging aspects of using the Small Basic program:

Table 29. Codes for Students' Difficulties in Using Small Basic

Achievement Experimental group Control group

level
Level 1 Understand difference between “for Selecting foreground color. Most
loop” and “while loop.” colors did not work.
Adding and subtracting with a Reading Code can be simple to write.
number.
Supports all HTML colors.
Level 2 Experienced difficulty in processes. All sections are equally difficult.
Nested-1fs were confusing. Transfer problems to code.
Keep codes in mind. Repeat sections.
Problems that need a comparison
Level 3 Trying to write mixed codes. Write and keep codes in mind.

Math questions.

Had a hard time with loops. Unsure
which to use now.

All very difficult.

There was no easy part at all.
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When the assignment of the content analysis codes were examined, notably, three
students from the experimental groups did not state anything negative about using
Small Basic, while the other nine experimental groups’ students stated experiencing
certain difficulties learning Small Basic. Student SE4 (L1) said that “It was difficult
to understand the difference between for loop” and ‘while loop,” but the math
examples made it a little easier.” Student SE5 (L2) experienced difficulties, and
indicated that “The nested things became mixed,” whilst student SE6 (L3) stated
facing challenges with Small Basic in “trying to write complex codes.” One final
compelling example was from student SE7 (L1), who warned “Do not add and
subtract with the reading number.”

When the students were asked about the challenging features of the process, student
SE9 (L3) stated “...being able to practice what | had learned, because | was a little
confused and frightened.” In terms of difficulties faced in the mathematical
processes, student SE12 (L1) stated one of the main reasons was a negative attitude
towards the mathematics lesson, saying that: “l had difficulty with forced math
questions. | did not pay much attention because | do not like mathematics in

general.”

When the same questions were asked to the students from the control groups, two of
the students mentioned facing no difficulties: with one saying that there was no “easy
part” of the program. The other nine control group students gave various examples
of the compelling parts of the program. SC10 (L1) complained that not all HTML
colors were supported by Small Basic, and stated that “I did not face difficulties
because | had some programming knowledge. ” Student SC11 (L2) indicated that “it
Is easy for me to write codes but repeated examples were difficult.” According to
student SC9 (L3), all elements of the program were found to be difficult, stating that
“It was all very difficult. I only understood the writing and reading part. ” The same
student answered “none” when asked about any positive features of the program.
Another issue was that the more experienced students had difficulty in writing “text

window” commands, as well as feeling bored with the simplicity of the program.
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Student SC1 (L1) said that: “The commands seemed too simplified since | used the
C language before. Each time writing commands like Text Window etc. was a
separate problem. | was little bored because | couldrn ¢ realize physical results as
with Arduino. ” Student SC6 (L3) also stated thinking that the most challenging part
of learning Small Basic was the loops. The most challenging feature for some of the
control groups’ students was in the code writing process itself, with student SC3 (L3)

mentioned having to “write and keep the codes in our mind.”

The sixth question posed to the students during their interviews was regarding what
helped them the most whilst learning the Small Basic program. The opinions of the
students from both the experimental and the control groups about the factors that
helped them in learning Small Basic are presented in Table 30., and are grouped
according to their math GPA-based academic achievement level.

Table 30. Codes Created for Factors That Helped Students in Learning to Use
Small Basic

Achievement

level Experimental group Control group
Previous knowledge, teacher, Teacher
Internet sources
Teacher Codes, understandable language
Level 1 ] ] .
Friends, teacher Interest in coding
Own passion to learn programming
plus math
Teacher Previous programming knowledge
Teacher, math problems Very easy
Level 2
Teacher
Friend, teacher
Focusing on transaction order helped  Support from the Internet
complete program process
Each transaction and subject has Teacher, Internet sources
supporting notes
Level 3

Frequent repetition Friend, teacher

Solving math problems, plus math
notebook helped in understand the
program
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According to Table 30. most of the students in the experimental group stated that
they received support the most from their teachers in fulfilling the requirements of
the program, and that this increased their performance whilst learning the Small
Basic programming language. Student SE1 (L1) indicated that “My teacher was very
supportive, ” which is a remarkable statement. Student SE8 (L2) also expressed how
important it was to have received support from their teacher, and stated that “The
first factor was certainly my teacher. He was very understandable. It helped me to
use what my math teacher taught.” Also, student SE10 (L1) supported this view,
mentioning “My background, my teacher and Internet resources.” On the other
hand, student SE9 (L3) highlighted that repetition of the assigned problem helped
facilitate learning Small Basic, stating that “We repeated everything many times, and
that helped me a lot to understand Small Basic. ” Student SE3 (L3) expressed that
“Focusing on the algorithm carefully helped me to more easily understand Small
Basic. ”

In addition, student SE6 (L3) pointed out that the program contained explanatory
information about its functions, and that made it easier to use the program. The
student also said that “there is information for each function and item under that

item. ”

The statements from the control groups’ students were similar to those raised by the
experimental groups’ students, and emphasized the significance of the teacher factor
in the teaching of Small Basic. Examples taken directly from the students’ statements
that it was their teacher that contributed the most in their learning of the program are

as follows:

e SC1 (L1): “My teacher; however, I still have a lot that I couldn’t

understand.”
e SCG6 (L3): “My teacher and Internet resources. ”

e SC8(L2): “I got help thanks to the teacher and | learned new code with
their help.”

114



e SC11 (L2): “My teacher and my friends.”

Additionally, student SC9 (L3) expressed not liking programming, but having been
able to receive help from both the teacher as well as from friends. Student SC9 (L1)
stated not needing the help of others due to prior knowledge of programming being
sufficient to understand Small Basic, and stated that “Since I already know how to
program, | didn 't add anything new. ” Also, two of the control groups’ students stated
that the simplicity of the program as having had a positive effect on learning Small
Basic without a struggle. Student SC4 (L1) mentioned ease of learning that included
“codes, understandable language,” and, according to student SC5 (L2), “the

program is very easy [to learn].”

The seventh and final question put to the student interviewees was to elicit their
opinions about learning programming using the Small Basic program. The views of
both the experimental and control groups’ students on this subject are grouped

according to their math academic achievement level in Table 31.

Table 31. Codes Created for Students Learning Programming Using Small Basic

Achievement

level Experimental group Control group
Entertaining Boring
Simple codes Amusing
Level 1 o o o o
Superficial activities Learning is not entertaining
Simple
If everyone learns, programming  Slow learning process
can be used everywhere
Level 2 Makes people think Boring
Has potential Teaches the basics of programming
Duration may be longer. Difficult activities
Level 3 Tutorial aspect is strong Examples are difficult and not always

understandable

According the data collected from the students’ interviews, on the seventh question,

four students from the experimental groups did not put forth any suggestions about
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the process, whilst the remaining eight students stated that learning programming
with Small Basic was efficient; plus some students mentioned a few suggestions.
Therefore, the verbal findings show that students in the experimental group held
differing opinions regarding learning programming using Small Basic. The

following statements are from the interview transcripts:

e SE2 (L2): “Programming can be used in any area if everyone learns how to

code and understand the concept of it.”

o SE4 (L1): “It was fun, but we also had challenging problems. The activities

were entertaining and challenging.”

o SE5 (L2): “I like Java script more, but it certainly makes more sense to use

Small Basic in the solution of mathematical problems.”
e SE10 (L1): “I would like to do more in-depth activities.”

e SE11 (L2): “The duration of learning the program could be longer.”

Moreover, student SE8 (L2), a student from an experimental group, criticized the
process because of the inability to write complex programs due to the nature of Small
Basic, saying “I would like to go deeper and write more complex programs.”
Another student, SE9 (L3), stated that the program was potentially very functional,
saying “It’s definitely a very instructive programming language and it makes people

think.”

On the other hand, three of the students in the control group did not make any
suggestions about the learning process for Small Basic, whilst three of them stated
having found the program boring. While some students suggested the transition to
more difficult tasks early on from the existence of programming information, others
mentioned the difficulty level of the examples used in the teaching of the program.

Some of the students’ expressions in the control groups were as follows:

e SC1 (L1): “It is a well-prepared program but, in my opinion, it is boring
again.”
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e SC7 (L1): “Learning Small Basic was not entertaining. I would prefer the
teachers to use Arduino C. However, it might be good for the new starters

’

to learn Small Basic because it is easy to learn.’

The fact that the program does not have advanced levels was seen as a handicap by
student SC10 (L1), stating ““I think there may be a different alternative for those who
already know [programming]. But I think it was beneficial for my friends who do not

have any programming language background.”

There were also some students who held opposing views on the difficulty of using

the Small Basic program, such as the following:
e SC2 (L2): “We could have moved on to more advanced things earlier.”

o SC5 (L3): “We could work with easier and more understandable

examples.”

e SC12 (L3): “I wish there were easier activities.”

4.3  Summary of Findings

In order to find an answer to if there is any significant difference between the control

and experimental groups according to their;

e Mathematics Attitude Scale (MAS) scores,
e Computational Thinking Skills Self Efficacy Scale (CTSSES) scores,
e Computer Programming Skills Self Efficacy Scale (CPSES) scores,

e retention of Small Basic Programming Achievement Test (SBPAT) results,

Paired Group t-test, independent sample t-test and ANCOVA analysis are applied.

The analysis made for scores obtained from the pretest and posttest applications of

the MAS scale for both groups showed as below;
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Paired t-test showed that the experimental group’s pretest of the MAS
showed a mean score of M = 3.03 (SD = 0.28), while the mean score for the
control group was M = 2.88 (SD = 0.24). While the students in the
experimental group obtained a mean score of M = 2.87 (SD =0.17) from the
second application of the MAS, the students in the control group obtained a
mean score of M = 2.83 (SD = 0.16).

Independent sample t-test analysis stated the pretest results show that the
attitudes of the students in the experimental group towards mathematics
showed a significant difference (t(186) = 3.914; p <.00). In terms of the
posttest results, even though the extreme values had been removed, no
statistically significant difference was found to exist between the mean scores
of the experimental and control groups (t(177) = 1.635; p > .05).

Finally the ANCOVA analysis result showed that the pretest scores did not
have any effect on the posttest scores (F(1.066), p > .05).

The analysis made for scores obtained from the pretest and posttest applications of

the CTSSES scale for both groups showed as below;

Paired t-test showed that students in the experimental group achieved a mean
score average of M =40.29 (SD = 13.81) from the pretest application of the
CTSSES whilst the mean score average of the students in the control group
was M =44.57 (SD = 16.11). The posttests result of the experimental group
students was M =58.74 (SD =11.87), whilst the control group students’
mean scores averaged M =43.31 (SD =13.51). When these findings are
compared, it can clearly be seen that the students in the experimental groups
achieved a higher mean score average compared to the students from the
control groups.

Independent sample t-test analysis stated that the experimental group
students” CTSSES differed significantly between the pretest (t(186) = -1.96;
p <.05) and posttest (t(186) = 10.99; p < .01) scale applications.
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e ANCOVA analysis findings showed that the students’ pretest scores did not
influence their posttest scores (F(1, 181) =.233; p > .05).

The analysis made for scores obtained from the pretest and posttest applications of
the CPSES scale for both groups showed as below;

e Paired t-test showed that score for the experimental groups’ pretests was
M = 6.05 (SD = 2.38), whilst for the control groups’ pretests it was M = 8.16
(SD =2.97). The average posttest score for the experimental groups was
M =11.14 (SD = 1.71), whilst it was M = 8.01 (SD = 2.27) for the control
groups.

e Independent sample t-test analysis stated that there was a statistically
significant difference found between the experimental and the control groups
in terms of their pretest scores (t(186) = -5.39; p <.01) and posttest scores
(t(180) = 12.98; p < .01).

e ANCOVA analysis findings showed that the pretest scores did not have a
statistically significant effect on the posttest (F(1, 179) = 152.58; p > .05).

The analysis made for scores obtained from the pretest and posttest applications of
the SBPAT scale for both groups showed as below;

e Paired t-test showed that the students in the experimental group obtained an
average mean score of M = 83.32 from the pretest application of the Small
Basic Programming Achievement Test, whilst the control groups’ students
obtained an average mean score of M = 67.98. The average mean scores from
the posttests were M = 84.28 from the experimental groups’ students, and M
= 60.32 for students of the control groups. The mean scores achieved by the
experimental groups’ students increased slightly by +0.96 points in the
posttest. However, for the control groups’ students, their posttest Small Basic
Programming Achievement Test results were much lower, representing a

decrease of -7.66.
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e Independent sample t-test analysis stated that there was a statistically
significant difference found between the experimental and the control groups
in terms of their pretest scores and posttest scores.

e ANCOVA analysis findings showed there was a difference observed between
the average scores of the experimental and control groups pretest and posttest
scores for the SBPAT, and that the difference was shown to be statistically
significant (Wilks Lambda = .915, F = 19.669, p <.001).

Qualitative findings for the teachers showed that both T1 and T2 have similar
teaching experience with programming languages. T1 stated having had no difficulty
in teaching programming languages to the students, whilst T2 sometimes stated
sometimes having had difficulty finding the right subjects. Both teachers agreed on
having mathematics as second discipline in programming course had the effect of
increasing students’ motivation to learn. They agreed on it is an advantage for
students who have tendency on mathematics, but it became a disadvantage for
students who do not like mathematics at all. When teachers asked if they’d like to
continue teaching programming with interdisciplinary collaboration, both are agreed
and said “yes”. However, they also added, students can be offered with more

disciplines instead of just having mathematics.

Qualitative findings for the students showed that students in both groups have the
similar programming background according to their level of GPA scores. Students
with high Mathematics GPA level (L1) have more experienced than students with
low Mathematics GPA level (L3). the experimental groups’ students saw the Small
Basic program as having functionality that was somewhat controversial, although its
usage was not considered to be difficult. Similarly, the students from the control
groups stated that Small Basic was an easy program to learn and use, but that its
features were inadequate and therefore of limited functional use. When students were
asked the challenging part of the process, experimental group students stated
mathematic questions as control group students stated only the using of programming

terms. When the interviewed students were asked about which elements helped them
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the most whilst learning programming with Small Basic both groups stated the
similar things. However, the experimental groups’ students stated mathematics

course book differently than the control group students.
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CHAPTER 5

DISCUSSION AND CONCLUSION

This chapter provides a discussion for each sub-research question in the study,
relating the findings of the current study back to the published literature. Therefore,
the results obtained in the current study are discussed in this chapter under six
subsections, with relevant examples provided from the literature related to each of
the six research sub-questions. This is followed by the study’s conclusion, after
which the researcher suggests the implications of the study and outlines possible

future research.

51 Discussion

511 Teaching programming approaches and Mathematics Attitude

In order to determine if a difference existed between the control and experimental
groups, the students’ attitude towards mathematics was measured using the
Mathematic Attitude Scale, as developed by Duatepe and Cilesiz (1999), which was

applied both as a pretest and also as a posttest during the study.

First, the mean average scores that the students obtained from completion of the scale
were examined. The Ho is rejected because findings showed that the mean scores
obtained from the posttest for both the experimental and control groups decreased

when compared to the pretest results.

When the related studies were examined in the literature, some supported the finding

that information technologies and the integrating of computer science into
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mathematics have a positive effect on students’ attitudes towards mathematics
(Aktimen & Kacar, 2008; Fabian et al., 2008; Kramarski & Zeichner, 2001,
Rodriguez-Martinez et al., 2020). For example, in a study conducted by Aktiimen
and Kagar (2008), which examined students’ attitudes towards mathematics after the
integrating of Maple computer algebra software into mathematics lessons, the
study’s findings indicated that teaching using the computer program positively
affected the attitudes of the students towards mathematics. Similarly, in a study
conducted by Fabian et al. (2008), it was observed that teaching mathematics with
the help of mobile teaching technologies contributed to the students’ positive
attitude, as well as supporting the students’ participation in the lesson and their
academic success. In many studies, it was observed that applications supported by
information technologies develop positive attitudes in students towards mathematics
courses, increase their level of thinking and reasoning, support conceptual learning,
and contribute to the learning of mathematics in an effective and enjoyable way
(Firat, 2011; Giirbiiz & Birgin, 2012; Kebritchi et al., 2010; Kramarski & Zeichner,
2001; Polaki, 2002; Pratt, 2000).

However, the results of the current study for this first research sub-question showed
an opposing view when compared to the aforementioned studies. Therefore, the
extreme values were deleted from the dataset and the measurements retaken again.
However, similar results to the first attempt were also obtained on the second. Even
though a difference was observed between both of the experimental and control
groups in their pretests and posttests, the results were not found to be statistically
significant in their difference when the posttests were compared back to the pretests.
In addition, no significant effect was observed in the covariance analysis performed
in order to determine whether or not the pretests influenced the groups’ scores in the
posttest. However, this result was an unexpected situation for the researcher. In the
Sobel analysis conducted to examine the details of this finding, it was observed that
the Mathematics Attitude Scale pretest results had a positive effect on the posttest,

although this was not found to be statistically significant. Therefore, the literature
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was reexamined to look for the reasoning for similar negative effects seen for the use

of information technology on students’ mathematics attitude.

When the related literature was analyzed, it was seen that many factors can affect
students’ attitudes towards mathematics lessons. Hannula (2002) proposed a new
conceptual framework for analyzing attitude and changes in attitude. The author
discussed students’ attitudes towards mathematics by dividing them into four
evaluation processes: 1) emotions experienced by students during activities related
to mathematics; 2) emotions that students automatically associate with mathematics
concepts; 3) evaluations of situations that students expect to follow as a result of

doing mathematics; 4) the value of mathematical goals in students’ global structure.

In the current study, when the reasons for decreased students’ attitudes towards
mathematics were examined, the attitude of teachers who participated in the study
were also included. Based on the participant teachers’ responses, within group and
between group comparisons were made and it was observed that the effect of teachers
on the mathematics attitude of the groups was limited. Contrary to the findings of the
current study, some studies in the literature found that teachers’ approach towards
students led to the development of a positive attitude towards mathematics. In a study
conducted by Mata et al. (2012), the participant teacher was observed to be
successful in changing students’ attitudes, beliefs, and behaviors towards
mathematics. Some other research studies (Aktimen & Kacar, 2008; Mata et al.,
2012; Ozgen & Pesen, 2008) have shown that attitudes can sometimes change
significantly within a relatively short timeframe.

When the reasons were examined in the case of the current study, the interviews
conducted with both the participant teachers and students were reanalyzed. Student
SE12 (L3) from the experimental group stated that the most challenging part of the
process was that the “Math questions were really challenging. I couldn’t pay enough
attention to learning the program because I literally hate math lessons.” The same

student also mentioned that having mathematics questions within an ICT course was
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like having an additional hour of math lessons each week, which negatively affected

the students’ motivation.

On teaching programming with mathematics, Teacher 2 said that, “Mathematics is
good in helping to make the problems more abstract; however, it may be
disadvantageous for students who do not like mathematics as a course.” Therefore,
the reason why the students’ mathematics attitude did not change to a statistically
significant level may be due to their facing too great a level of mathematics problems,
which were taken from the mathematics course book, in the programming course. It
could be said, therefore, that this made the students feel as if they were having an
additional mathematics course, which decreased their attitude slightly towards the

course.

51.2 Computational Thinking Skills Self-Efficacy

In order to examine the effect of integrating math as a second discipline in the
teaching of programming on students’ computational thinking skills, the
Computational Thinking Skills Self-Efficacy Scale developed by Gilbahar et al.
(2019) was applied, both as a pretest and a posttest, and to both students from the

experimental control groups.

Lye and Koh (2014) stated that the inclusion of computational thinking in computer
science is a manifest part of the equation, and that programming is a less complex
element than computational thinking, which requires thinking skills based on more
fundamental concepts. Therefore, the literature supports that integrating
computational thinking skills into programming teaching provides can positively
impact on the conceptual learning of both programming and computational thinking
(Hickmott et al., 2018; Lye & Koh, 2014; Rodriguez-Martinez et al., 2020). The
results from the current study accepting the Ho because they showed that the
experimental groups’ students were seen to have obtained a higher average from the

Computational Thinking Skills Self-Efficacy scale at the end of the experimental
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process (posttest) when compared to the pre-experimental process (pretest).
However, the control groups’ students showed a slightly lower average in the posttest
application of the same scale than in the pretest application. The difference between
the posttest and pretest applications demonstrates that students from the experimental
groups showed a considerable increase in their computational thinking skills,
whereas the control groups showed a slight decrease. Scholars appear to agree on the
positive influence of programming teaching on computational thinking skills due to
its high beneficially for problem-solving skills (Benitti & Spoladr, 2017; Benton et
al., 2017; Calao et al., 2015; Rodriguez-Martinez et al., 2020) which is also indicated
in the results of the current study. Extreme values of the obtained scores from both
groups’ posttests were examined and subsequently eliminated from the dataset prior
to conducting a between group comparison. The mean score of the experimental
groups’ students was found to be lower than those of the control groups prior to the
application of the study’s procedure. However, when the posttest was applied to both
groups at the end of the study, it was seen that the experimental groups’ students
showed a higher level of performance in terms of their computational thinking. Based
on these findings, it may be said that the teaching of programming according to an
IA increases students’ self-efficacy in computational thinking skills. These results
are also supported by other researchers who have indicated that programming
naturally improves computational thinking skills due to the existence of common
components in algorithmic thinking, problem solving, and critical thinking (Berland
& Lee, 2011; Giilbahar et al., 2019; Kilig et al., 2020; Tsai et al., 2019).

In order to support the findings of the second research sub-question, the literature
related to computational thinking skills and academic success was then examined. In
the published research, qualitative studies especially can be found that examined the
opinions of both students and educators. Interviews, observation, and evaluation
were generally applied in the examination of participants’ opinions. The studies
found were mostly applied at the secondary school level (e.g., Barak & Assal, 2018;
Benitti & Spoladr, 2017; Francis & Davis, 2018; Goksoy & Yilmaz, 2018; Kasalak,
2017; Kazez & Geng, 2016a, 2016b; Takacs et al., 2016; Yolcu, 2018). Scholars
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appear to agree that in case studies, information-assisted teaching practices
strengthen students’ computational thinking skills, and they indicate that
programming activities can positively change the attitudes of students towards a
second discipline, whilst also strengthening their computational thinking skills self-
efficacy (Benitti & Spolaor, 2017; Grover & Pea, 2013; lyer, 2019; Kasalak, 2017;
Séez-Lopez et al., 2016; Takacs et al., 2016). Moreover, many researchers put
forward evaluations and evidence that students who solve problems through
programming improve their computational thinking skills (e.g., Atmatzidou &
Demetriadis., 2016; Bilge Kunduz, 2018; Corradini et al., 2017; Djambong &
Freiman, 2016; Vieira et al., 2016). According to some researchers, complex
cognitive skills such as procedural and conditional reasoning, as well as planning
and attribution are employed as part of the programming process, and that they play
a significant role in the development of computational thinking skills (Barut et al.,
2016; Celik & Ozdener, 2019; Cetinkaya, 2019; Jun et al., 2017; Moons & De
Backer, 2013; Rodriguez et al., 2017).

To add further support to the current study’s findings, another subject that was
examined was whether or not the scores obtained by the students from the
experimental and control groups in terms of the Computational Thinking Skills Self-
Efficacy Scale were affected by the two teachers who taught them during the study.
Based on the two participant teachers, within group and between group comparisons
were made, and it was observed that there was no effect of the teachers found
according to the computational thinking skills self-efficacy of the student groups.
The literature was then examined with regards to the effect and role of teachers on
students’ computational thinking skills, and how they integrated computational
thinking into their lessons. In a study conducted by Rich and Yadav (2019), teachers
used three ways to increase their students’ computational thinking skills; using
computational thinking to guide their own planning and thinking, using
computational thinking to structure their lessons, especially for science and math,
and presenting computational thinking as a general problem-solving strategy. In
another study, Belanger et al. (2018) found that instructional activities in
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programming courses had a strong influence on students’ ability to solve problems
directly related to computational thinking. In a study by Daily et al. (2015), the
researchers focused on embodying computational thinking skills through the use of
technological tools in the classroom, and obtained similar findings to that of the
current study.

Interviews conducted with the two participant teachers in the current study also
showed that learning programming can increase students’ computational thinking
skills. On this, Teacher 1 expressed that, “I am very positive about teaching
programming with mathematics, because it increases students problem-solving skills
and their lifelong learning skills, so I think programming with the integration of
mathematics is an advantage for students to develop more than one skills area.”
Since problem-solving skills form an element of computational thinking, their
development has a natural positive effect on the development of computational
thinking skills. In another study, Fields et al. (2019) observed that teachers helped to
improve their students’ computational thinking skills through computer-assisted
instruction and programming. Similarly, Jun et al. (2017) found that an experimental
process involving students using coding programs showed how design-based
learning improved computational thinking in elementary school students.

5.1.3 Computer Programming Self-Efficacy

Researchers have stated that programming should be learned during early ages, and
that every single person should be aware of the importance of programming (Duncan
et al., 2014; Fojtik, 2014; Guzdial & DiSalvo, 2013; Harvie et al., 2018; Oliveira
Aureliano, 2013). As Kalelioglu and Giilbahar (2014) indicated, learning
programming improves the abilities of higher-order thinking, critical thinking,
creative thinking, and problem solving. However, teaching programming to young
learners is not considered to be as easy as teaching it to adults. Thus, Burns et al.
(2012) pointed out that teaching programming through an IA facilitates learning, and

that having a second discipline makes the transference of knowledge to learners as
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being different from that of traditional teaching. The current study aimed to establish
if and how interdisciplinary collaboration can influence the learning of programming
skills. In order to determine whether or not the experimental process affected the
programming skills of the participant students, the mean score averages that the
experimental and control groups’ students obtained from the pretest and posttest
applications of the Computer Programming Self-Efficacy Scale were examined. The
average posttest mean score obtained from the experimental groups increased when
compared to the pretest, while the average posttest mean score was found to have
decreased for the control groups’ students. Therefore, the Ho is accepted. In addition,
the difference between the posttest and the pretest scale applications for the

experimental groups were found to be higher than the scores of the control groups.

The extreme values of the scores obtained by both sets of student groups in the
Computational Thinking Skills Self-Efficacy Scale were examined, and then
eliminated from the dataset prior to conducting the between group comparison. The
differentiation test results showed that the average mean score of the experimental
groups’ students was lower than for the control groups’ students prior to the
commencement of the study. However, at the end of the study period, the posttest
results showed that the experimental groups’ students obtained higher mean scores
following the experimental process application. Co-variance analysis was then
performed in order to determine if the pretest scores had an effect on the posttest
scores for both groups, and no significant effect was observed. Cheng (1972)
indicated that both mathematics and computer science somehow interacts with each
other and with other disciplines, therefore, based on these findings, it can clearly be
stated that the teaching of programming through an interdisciplinary approach can
increase students’ programming skills. Also, scholars appear to agree that an
understanding of mathematics helps to make the understanding of programming
deeper and easier to achieve, due to there being a significant connection between
mathematics and computer science, and that this connection facilitates learning as

both disciplines are aimed at finding solutions to given problems (Burns et al., 2012;
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Fisler et al., 2020; Graham & Fennell, 2001; Lu & Fletcher, 2009; Pruski &
Friedman, 2014).

In a study conducted by Jehli¢ka (2010), research focused on the interconnection
between physics, informatics, and mathematics through a computer sciences course.
The findings of the study revealed that teaching programming through an
interdisciplinary approach increased the participant students’ motivation towards
computer science, and simultaneously attracted their attention to learning and to
independently join in with computer science activities. Davenport et al. (2014)
conducted a research study on the teaching of programming to mathematics student
on a descriptive mathematics course. Their study’s findings indicated that teaching
programming to math students through the integration of descriptive mathematics
helped students to move away from the question “why do we have to learn this? " t0
one of “how we can do this?” — meaning that they started to think more in abstract
terms due to working on problems based on real life.

Another subject examined in the current study was whether or not the scores obtained
by the experimental and control groups’ students from the Computer Programming
Self-Efficacy Scale were affected by the teachers who taught them during the study.
Based on the participant teachers, both within group and between group comparisons
were performed, and it was observed that there was an effect of the teachers on the
programming skills of the student groups. In other words, it may be stated that

teacher attitude can be an affective factor in students’ learning of programming skills.

When the qualitative data of the current study were examined, it could be seen that
students from the experimental groups showed a more positive attitude towards
learning programming than the control groups’ students. For example, student SE1
(L1) said that it was fun to learn programming, and that having real-life examples,
especially those from the math book, helped in being able to understand the concept
more easily. Student SE8 (L2) expressed that “It was helpful to use the knowledge
that my math teacher taught to understand how to program. It made me realize | can
do a lot with programming now.” On the other hand, students in the control group
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felt that it was not easy to understand programming through the problems given.
Student SC6 (L3) stated that “I couldn’t really understand Small Basic because it
was not easy for me to visualize the problems and their solutions in my mind,” and

student SC8 (L2) indicated that “it was hard to program the given problems.”

It could be said that, teaching programming through an interdisciplinary approach
helps students to visualize problems more easily. The current study has shown that
programming skills develop more when taught alongside a second discipline,
because it affords students the opportunity to consider abstract thinking of a problem,
and provides a connection to the real world more naturally since what is used in the

programming course is linked to another course they have previously taken.

514 Small Basic Programming Achievement

The purpose of Small Basic Programming Achievement Test was to measure the
participant students’ level of knowledge of the Small Basic programming language,
which is a visual programming tool that they had been taught during the application
in the current study. In order to determine whether or not the experimental process
had an effect on the students’ permanent retention of knowledge, the Small Basic
Programming Achievement Test was applied as a pretest at the end of the application,
and then repeated 10 weeks after as a posttest. The mean score averages that the
experimental and control groups’ students obtained from the two applications of the
test were then examined. When the results were compared, the pretest and posttest
average mean scores of the students in the four experimental groups were all found
to be close, whilst the posttest averages of the students in the four control groups had
decreased significantly from the pretest. The Ho is accepted because the results show
that the decrease observed in the posttest results of the control groups was greater

than the scores seen in the experimental groups.

When the analysis findings were examined, the difference observed between the

mean score averages of the experimental groups and the control groups from the
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pretest and posttest results were found to be statistically significant. In addition, in
the comparison of differences between the experimental and control groups, it was
observed that the students’ programming achievement differed significantly in terms
of their pretest and posttest scores. Based on these findings, it may be said that the
teaching of programming to young learners through an interdisciplinary approach
can increase students’ programming achievement and its retention. Denning et al.
(2017) stated that solving mathematical problems is similar to solving problems
using a programming language, as both require a level of logic, which is why
mathematics and computer science interact with each other so well. Also, scholars
have pointed out that a many people choosing careers that are related to computer
science are also working in mathematics, because the relations between computer
algorithms are all about mathematics (Burns et al., 2012; Knuth, 1974; Mahadeo et
al., 2020; Swacha & Baszuro, 2013).

On the one hand, these processes are based on largely mathematical data; however,
computers can complete these tasks or resolve problems through the application of
mathematical calculations. These processes are conducted by computers at the
logical level, hence, conscious intelligence or knowledge is needed in order to guide
or guarantee the accuracy of the output data (Denning et al., 2017). It is for this
reason that linking computer science and mathematics is deemed significant at an
early stage in the K-12 process, so as to prepare students who can use and interact

with computers at both the logical and conscious levels.

Another subject examined was whether or not the scores obtained by the
experimental and control groups’ students from the Small Basic Programming
Achievement Test were affected by the two teachers who participated in the study.
Based on the participant teachers, within group and between group comparisons were
performed and it was observed that there was an effect of the teachers on the Small
Basic Programming Achievement Test of the control groups. However, it was
observed that the teachers did not similarly affect the experimental groups’ students.

In addition, a significant effect was observed in the covariance analysis performed
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to determine whether or not the pretest affected the posttest scores of the groups
according to the teacher that taught them. Based on the results of the analysis, it may
be said that the teachers participating in the research had limited effect on the

students’ Small Basic Programming Achievement Test.

When the literature was examined to support the current study’s findings, it was seen
that teaching programming to young learners is considered to be challenging,
because younger students learn better when there are abstract examples, which
means providing a real-world connection (Bornat & Dehnadi, 2008; Grover & Pea,
2013; Jenkins, 2002; Kalelioglu, 2015; Ozmen & Altun, 2014). Mathematics was
used in the case of the current study in order to provide real-world problems to
students, and for combining these problems with their acquired programming
knowledge so as to understand the nature of computer science more easily. Burns et
al. (2012) stated that computer science can be seen as easier when it is learned
alongside a second subject, because it helps to connect what is real with computers.
The current study was found to be in agreement with other scholars through its
findings, as the experimental student groups showed higher levels of improvement

in their programming skills based on the pretest and posttest results.

The effects of interdisciplinary collaboration with regards to the retention of
programming achievement was also a focus of the current study, and the results also
found to support the literature. Most researchers agree that new methods of teaching
methodology have been studied for almost all disciplines in order to facilitate
learning and to make the knowledge gained more permanent (De Jesus Gomes et al.,
2015; Guzdial & DiSalvo, 2013; Kelleher & Pausch, 2007; Maloney et al., 2008;
Oliveira Aureliano, 2013; Resnick et al., 2009; Saeli et al., 2011). This need has
increased further in programming learning because of its perceived level of difficulty
and its inherent requirement for advanced skills such as problem solving, creative
thinking, algorithmic thinking, and systematic thinking (Draganoiu et al., 2017). The
involvement of a second discipline in computer science courses can establish a

natural link between the real world and the machine world, with learners tasked with
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thinking not only about the structure and syntaxes involved in programming, but also
in solving real-world problems as well (Marciuc & Miron, 2017). The relation
between computer science and mathematics is undeniable, with both focused on the
solving of problems, the use of algorithms, and finding solutions for given problems
(Burns et al., 2012; Celeddn-Pattichis et al., 2013). Therefore, a need had already
been established to examine the effect of mathematics on programming learning. The
current study aimed to find out whether or not teaching a programming language
with the collaboration of mathematics through an interdisciplinary approach affected
the learners’ programming skills, and also how it affected their learning retention.
The results of this experimental research with a sample of 188 seventh-grade
secondary school students showed that those who were taught programming through
an interdisciplinary approach by using mathematics showed a significant increase in

their computer programming skills.

5.1.5 Teachers’ Thoughts on Teaching Small Basic

Interviews made with two teachers who participated as instructor to the study in order
to find out their thought about the study and how interdisciplinary approach in
teaching programming was different from the TA. Both of the participant teachers
were interviewed, and both had a generally positive opinion with regards to teaching
programming by using the Small Basic program through a mathematics course.
According to the verbal data collected during the interviews, the teachers stated that
performing project-based studies in programming teaching increased the effect of
the teaching process, and that they believed it would increase the motivation of the
students also. On the other hand, the teachers highlight that in order to achieve
retention in programming learning, real-life examples should be used so that the
mathematics problems may better help students to retain their new knowledge in

their long-term memory.

According to the literature, teaching programming to young learners should be

undertaken using basic tools such as Scratch and/or Small Basic because they have
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been shown as contributory to achieving more successful results (Bishop-Clark et
al., 2007; Calder, 2010; Cooper et al., 2003; Klassen, 2006; Moreno et al., 2004;
Peppler & Kafai, 2007; Rajala et al., 2008). The current study’s interview data also
showed that using Small Basic was a good choice for teaching text-based
programming to young learners. When the teachers’ interview transcripts were

examined, the following codes were identified as key from the content analysis:

problem solving;
e computational thinking;
e algorithmic thinking;

e mathematic success and programming success are directly proportional;

and,

o real-life samples.

In a study conducted by Akcay (2009), both the advantages and disadvantages of
teaching Small Basic to young learners were examined. During the study, Akcay
sought the opinions of participant teachers, and it was observed that using the Small
Basic program provided increased levels of motivation to the students during the
instructional process. Also, many similar studies concluded that Small Basic and
similar programs can be affective on students’ programming learning. When the
opinions of the teachers and students were examined, it was observed that such
programs made the following contributions to the teaching process and also to the
students’ learning (Bishop-Clark et al., 2007; Calder, 2010; Cooper et al., 2003;
Fesakis & Serafeim, 2009; Kaucic & Asic, 2011; Klassen, 2006; Moreno et al., 2004;
Peppler & Kafai, 2007; Prawalpatagool, 2010, as cited by Uzun & Baltali, 2020;
Rajala et al., 2008):

e better understanding of abstract concepts;
e increased academic success;

e easier understanding of programming languages;
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e increased student motivation;

e strengthening of programming skills;

e students more effective during the teaching process;
e strengthening of algorithmic thinking;

e Dasic codes to increase retention;

e strengthening of students’ self-confidence;

e supports better understanding of math concepts; and,

e strengthening of mathematical thinking.

Both of the teachers who participated in the current study agreed that teaching
programming through an interdisciplinary approach increased not only their
students’ programming skills, but also their algorithmic thinking, computational
thinking, and problem-solving skills. On this issue, Teacher 1 stated that, “Using
mathematics as a second discipline in programming teaching was useful because it
helped when | taught students about loops, which is related to mathematical
formulae and problems.” Similarly, Teacher 2 said that the “Interdisciplinary
approach was helpful; however, the second discipline could also be enriched with
other disciplines too, so as to help students in the learning of programming more for
those who have less interest in mathematics.” As both teachers stated, integrating
other disciplines into the teaching of programming can facilitate programming
learning for young learners. The participant teachers commented positively on the
teaching method they chose by emphasizing the students’ excitement when they were
learning programming with mathematics. The teachers agreed that it was an exciting
experience for them, too. Even though, both teachers said they taught fairly to both
groups, observing success in teaching programming with interdisciplinary
collaboration might affect their passion for teaching which may affect students’

learning similarly.
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516 Students Thoughts about Small Basic Programming

In order to find out students perception about the process of the study, an interview
was conducted with 24 students selected from the 188 who participated in the study,
with 12 students representing the experimental groups and 12 from the control
groups. The students were chosen from each of the groups according to their
mathematics GPA level, based on three levels according to the highest, middle-
ranking, and lowest GPA scores within each respective class group. Five predefined
questions were asked to the interviewed students. Content analysis was then
conducted on the interview data, with a variety of different and similar codes created
according to their academic success levels and which student group they belonged to

(experimental or control).

According to the verbal data, five of the interviewed students from the experimental
groups stated their having not previously used a programming language prior to the
study, whilst seven of the students stated that they had previously studied one or
various programming languages. Students with the highest mathematics GPA scores
in their respective classes from the experimental groups (except for one) had
previously used at least one programming language. As to the students from the
control group, four stated having not previously used a programming language or
tool prior to the study, whilst eight students indicated that they had. Three of the
control groups’ students with no previous programming experience were ranked as
having low academic achievement in mathematics, whilst one was ranked as having
moderate achievement. In both groups, where applicable, similar programming
languages and tools had been used prior to the study. However, in addition, the
control groups’ students differed from the experimental groups’ students in having
also used programming languages such as HTML5, C ++, C #, Python, and Visual
Basic.

When the interview documents of the experimental group students were examined,

10 of the students mentioned various negative opinions with regards to the additional
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features they wanted from the Small Basic program, with the other two students
mentioning no negative aspects regarding the program. Eight of the students from
the control groups mentioned certain negative features of the Small Basic program,
whilst the other four found the program to be quite simplistic and therefore

considered not very functional.

When asked about their view on the use of Small Basic, the experimental groups’
students saw the Small Basic program as having functionality that was somewhat
controversial, although its usage was not considered to be difficult. Similarly, the
students from the control groups stated that Small Basic was an easy program to learn
and use, but that its features were inadequate and therefore of limited functional use.
According to the content analysis codes obtained from the experimental groups’
students, the negative features of the Small Basic program included: “content is
limited”; “there is no Turkish [language] support”; “no previews of codes”; “codes
are not easily visible”; “the program contains a lot of numbers and text”; “it
contains difficult problems that require a lot of thinking”; and, “there are doubts
about its usefulness.” When the same question was asked to the students from the
control groups, the following codes were obtained: “boring”; “very simple”; “no
complex functionality”; “limited font colors”; “very little work”;, “hard to

B

understand”; “complex interface”; and, “constant change of coding type.’

Upon asking the students about the positive aspects of the Small Basic programing
tool, the experimental groups’ students Stated that it was better to use the program
when starting out with learning coding because it facilitated learning programming.
On the other hand, the control groups’ students stated that the Small Basic program
could be useful in more general terms due to the positive features of the tool.
Different to the control groups, the experimental groups’ students provided detailed
explanations on which aspects of the Small Basic program could be more functional,
which types of programming could be undertaken with the tool, and how it could

form the basis for the learning of subsequent programming processes.
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When the students’ positive opinions about the Small Basic program were examined,
it was seen that the experimental groups formed the following codes: “easy fo use”;

. 66

“provides productivity”; “easy to write simple codes”’; “print codes that can control
the computer”; “has a good purpose”; “comfortable”; “strengthens the perception
of coding”; and “has a simple structure and ready codes.” According to control
group students, the positive aspects of the Small Basic program were seen as:
“understandable language’; “easy to program”; “good option to start coding”’; “an
easy and understandable interface”; “easy to understand and write”; “easy to

’

learn”; and “has automatic code-tag completion feature.’

The interviewed students were asked about what they saw as the most challenging
part of using the Small Basic program. Three of the experimental groups’ students
stated that no part of the Small Basic program challenged them, whilst nine of them
provided details about what they considered to be the more challenging aspects of
the program. Two of the control group students stated experiencing no difficulties,
one mentioned there being no “easy part” of the Small Basic program, whilst the
other nine students gave various examples. The content analysis codes created for
the experimental groups’ students with regards to the challenges of using the Small
Basic programming tool were as follows: “To understand the difference between ‘for
loop” and ‘while loop’”; “adding and subtracting with reading number”,
“difficulties in processes”; “the ‘nested ifs’ were confusing”; “remembering the
codes”; “problems that needed comparison’; “trying to write mixed codes’’; and
“understanding the math questions.” The content analysis codes created for the
control groups’ students were as follows: “choosing a foreground color, as most
colors did not work”; “to support all HTML colors”; “all sections were equally
difficult”; “transferring problems to code”; ‘“repeating sections”; “writing and

remembering codes”; “having a hard time with ‘loops’”; “not knowing which codes

to use again’’; “all aspects were very difficult”’; and “there was no easy part.”

When the interviewed students were asked about which elements helped them the

most whilst learning programming with Small Basic, the experimental groups’
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students stated the following: “my previous programming experience”; “my teacher

1. €« 1. ¢

and Internet sources”; “my teacher”; “my friends and my teacher”; “my passion
about programming and math”; “my teacher and math problems”’; “focusing on the
transaction order helped me finish the program”; “each transaction and subject had
supporting notes”; “frequent repetitions”; and “problem solutions in the math
notebook helped. ” The content analysis codes for the control groups’ students for the
same question were as follows: “teacher”; “codes”; “understandable language”;
“my interest in coding”’; “having coding knowledge made it very easy”; “my friend

1. 4«

and my teacher”; “having support from the Internet”’; and “my teacher and Internet

’

sources.’

The experimental and the control groups’ students held both similar and differing
opinions with regards to learning programming using the Small Basic programming
tool. While four of the experimental groups’ students made no suggestions, eight of
them stated that programming instruction with Small Basic was efficient and some
suggestions were also provided. The findings on this subject showed that the
experimental groups’ students held differing opinions about the use of Small Basic
in the teaching and learning of programming. Three of the students from the control
groups made no suggestions about this, whilst three stated that they found the Small
Basic program to be boring. Even though some of the students suggested that the
transition to the next level should be include more difficult programs, others
mentioned that the difficulty of the examples used in the teaching of the Small Basic

program caused them to be slow in learning programming.

The experimental groups’ students explained about their experiences in using the
Small Basic program with the following statements: “fun”; “codes are simple”,
“superficial activities”’; “programming can be used everywhere if everyone learns”,
“makes people think”; “has potential for creative thinking skills’; “can be taught
for longer”’; and “has a strong instructive direction.” The control groups’ students’
codes regarding their experience with using the Small Basic program were as

follows: “boring”; “fun”; “not enjoyable to learn”; “simple”; “slow learning
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process”’; “teaches the basics of programming”; “activities difficult”; “examples

not difficult”’; and “understandable.”

When the related literature were analyzed, it was seen that students were generally
positive about programming teaching, but also expressed certain negative opinions
arising from the nature of the instructional process. In a study conducted by Guleryiiz
(2019), it was observed that the participant students were able to prepare games using
their computer and also produced auto-functioning codes (robots) after having
received sufficient programming training. In the study conducted by Cetin and
Gunay (2011), it was concluded that students were happy to see educational topics
such as experimenting, playing games, and preparing animation during their coding
education. These can be considered in some way as expected results. Similar findings
were also found in a study by Miceli et al. (2013), where the participating students
were happy to use programming in education, and mentioned the effective functions
that could be used across numerous disciplines.

In many of the published studies, it was observed that the participant students had
various ideas about programming, and a number of suggestions about new products
that they wished to develop. Also, that, as their knowledge about programming
increased, their thinking diversity with regards to their discipline increased. In these
studies, the students generally expressed opinions that through the instructional
activities carried out in various programs, their problem-solving skills had improved,
and they could view the events from different perspectives, and thereby their
imagination had improved, their psychomotor skills had strengthened, and their
desire to produce a product had increased (Gerecke & Wagner, 2007; Goksoy &
Yilmaz, 2018; Lin et al., 2009; Liu et al., 2013).

As a result, it could be said that programming instruction conducted using the

mathematics discipline and the Small Basic program through an interdisciplinary

approach does not greatly affect the students’ attitudes towards mathematics, whilst

it is seen as being highly effective on the students’ computational thinking skills self-

efficacy, and their computer programming self-efficacy. In addition, high levels of
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academic success from mathematics lessons can contribute to students achieving
high scores in programming tests. Students and teachers appear to hold similar
opinions about the issue of mathematics knowledge contributing to programming

knowledge and programming learning.

5.2 Conclusion

This study aimed to investigate seventh-grade students’ development of both
programming and computational thinking skills through the integration of
mathematics into an existing programming course. The focus of the study was to
evaluate the effect of teaching programming through an interdisciplinary approach
by integrating mathematics with computational thinking skills, mathematic attitude,

and programming skills.

First, the study showed that the integration of mathematics as a second discipline in
a computer science course played an important role in the improvement of the
participants’ computational thinking skills. Wing (2008) stated that understanding
and finding a creative solution to a problem through the use of computer science
techniques was termed as computational thinking. As today’s world requires a high
degree of ability in utilizing technology, both computer science and computational
thinking play an increasingly important role in today’s society. Numerous jobs would
disappear due to the developments in robotics, and that technology will have a more
significant place in modern-day life; opening up more new job areas as a result. Since
the importance of computer science and computational thinking is growing alongside
and because of these changes to modern industry, developing computational thinking
skills in the younger generation has become a matter of some urgency. Therefore,
the current study places itself in a significant position because it shows that having
computer science education within K-12 curricula develops not only students’
programming, problem solving, and algorithmic thinking skills, but also their
computational thinking skills as well. Scholars have indicated that the number of

opportunities in K-12 education are not sufficiently qualifying or satisfying to
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significantly improve students’ computational thinking skills (Guzdial, 2015; Kale
etal., 2018; Kalelioglu et al., 2016; Wing, 2008). Since the next generation needs to
possess significant computer science knowledge and computational thinking skills,
it is of vital importance that K-12 schools, teachers, educators, and administrators
should work together to mold curricula in a way that adequately integrates these
disciplines. Therefore, the current study has worked to inspire a revised methodology

of teaching computer science through its facilitation.

Second, the results of this experimental research with a sample of 188 seventh-grade
secondary school students showed that those students who were taught programming
through an interdisciplinary approach using mathematics showed a significant
increase in their computer programming skills. Researchers agree on the new
teaching methodology, which have been studied for almost all disciplines in order to
facilitate learning and to make the knowledge gained permanent. This need has
increased further in programming learning because of its perceived level of difficulty
and complexity, and its inherent requirement for advanced skills such as problem
solving, creative thinking, algorithmic thinking, and systematic thinking (Draganoiu
etal., 2017). The involvement of a second discipline in K-12 computer science
courses can establish a natural link between the real world and the machine world,
with learners tasked with thinking not only about the structure and syntaxes involved
in programming, but in solving real-world problems as well (Marciuc & Miron,
2017). The relation between computer science and mathematics is undeniable, with
both heavily focused on solving problems, following algorithms, and finding
solutions for given problems (Burns et al., 2012; Celedon-Pattichis et al., 2013).
Therefore, an established need existed to examine the effect of mathematics on
programming learning. Hence, the current study aimed to find out whether or not
teaching a programming language with the collaboration of mathematics as an
interdisciplinary approach affected the participant students’ programming skills, and
also how it affected their learning retention. The reason for this is suggested that the
students receiving the interdisciplinary instructional method had to think more than
those receiving the traditional method of instruction, because they also needed to
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resolve mathematical problems. Also, the students who were applied the
experimental teaching method were challenged with learning not only programming,

but also in creating links between mathematics and programming.

Third, the current study showed that the integration of mathematics into
programming courses does not positively change students’ attitudes towards
mathematics as a course. Fabian et al. (2008) stated that teaching mathematics along
with the use of technology can have a positive effect on students’ mathematics
achievement. However, in a study by Hannula (2002), the researcher highlighted that
integrating mathematics into a second discipline may negatively affect the students’
attitude due to the emotions automatically associated with the concepts of
mathematics. The reason why the mathematics attitude of students decreased slightly
might be because of their having experienced too many mathematical problems when
working on the programming concept. This study recommends that future studies

change this in order to modify learners’ attitudes to a positive outlook.

Finally, both of the teachers and a selection of the participant students in the current
study were interviewed with regards to their opinions about the process. The
collected data in the current study showed that teaching programming through the
integration of mathematics can have a positive and significant effect on both
students’ programming and computational thinking skills. This is because both
mathematics and programming share the same root aims, which are problem solving,

creative thinking, and the following of an algorithm in order to solve a problem.

5.3  Assumptions

When the results of the findings were analyzed, the researcher had an assumption
that teachers' attitude effected the study because the MAS results were not
expected. Therefore, in order to establish if the teachers’ attitudes affected their
students’ attitudes towards MAS, CTSSES, CPSES and SBPAT, the scores

obtained from students were examined according to which of the two teachers had
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taught their class. The distribution of the experimental and control groups between

the two participating teachers was as follows:
T1: Exp 3, Exp 4, Cont 2, Cont 3
T2:Exp 1, Exp 2, Cont 1, Cont 4

The procedure was same with the quantitative scales’ analysis so paired t-test,
independent sample t-test and ANCOVA analysis applied to the groups which were
separated based on teachers who taught. The results showd that teachers did not have
any influence on students’ scores. All the results and tables can be found on

Appendices F — Teachers’ Effect.

5.4 Implications for teachers and instructional designers

The following recommendations are suggested for both teachers and instructional
designers in order to create Computer Science lessons that are more appropriate for

young learners:

1. A new “Programming” course could be proposed as an independent,

supplementary course to the Turkish secondary school curricula;

2. Student motivation could be fostered to reach a higher level through
increasing the number of local and national competitions that require the

application of programming skills;

3. Problems that are assigned to students should be rewritten rather than being
taken direct from course textbooks with the aim to increase students’ attitudes

towards mathematics.
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55 Recommendation for Further Research

Based on the results of the current study, the researcher puts forth the following
recommendations in terms of future research that could be undertaken in this area of

study:

1. Personal variables that may impact on programming education could be
studied,;

2. The effect of different programming languages and tools on students’

computational thinking skills self-efficacy could be studied,;

3. Computing and instructional technologies curricula, both in Turkey and
internationally could be investigated in order to compare content similarities

and differences on the teaching of programming;

4. In addition to the integration of mathematics, courses in both the social

sciences and natural sciences could be included in future studies;

5. Plan and execute a long-term project to evaluate the differences between

experimental and control groups’ programming skills.

56  Limitations of the Study

As with all studies, there are certain limitations to the current study. First, the study
took longer than was expected due to the nature of working with younger students,
and to the events and protocols that schools must adhere to in accordance with the
Turkish Ministry of National Education’s curricula. Second, it took considerable
time to procure all of the relevant ethical permissions from the participants’ parents
due to the large sample size. Additional time was also required in order to follow the
ethical permission as required by the Turkish Ministry of National Education. Third,
some of the students were unable to complete the scales applied in the study due to
having been absent for an extended period of time due to taking part in certain

sporting events. Preparation of the lesson plans took a lot of time because of having
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two discipline in one lesson. Last, in working with a private (non-state) school,
administering changes to the curriculum was found to be less easy when compared

to state schools, which unexpectedly prolonged the duration of the study.
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APPENDICES

A. Activity Plan
Week | Topic Acquition (Control Acquition (Experimental
Group) Group)
1 Applying
pretests
e CPSES
e CTSSES
e MAT
2 Lesson Plan 1: Programming achievements:
What is Small . Understanding what programming means.
Basic? . Establishing relationships between programming
languages and spoken languages.
° Recognizing the Small Basic environment and its
features.
3 Lesson Plan 2: Programming achievements:
Basic commands | e Understanding usage of commands:
in Small Basic 0 TextWindow
0 Write
0 WriteLine
4 Lesson Plan 3: Programming Programming achievements:

Variables

achievements:
e Understanding the

¢ Understanding the concept of
variables and what it stands for.

concept of variables e Understanding that variables
and what it stands for. must have values,

¢ Understanding that e Being aware of the importance
variables must have of giving a name to a variable
values, without using spaces, special

characters, or Turkish
characters.

e Being aware of the
importance of giving a
name to a variable
without using spaces,
special characters, or
Turkish characters.

Mathematics achievements:
¢ Recognizing the problem and
setting an equation with an
unknown for a real-life
situation.
e Solving equations with an
unknown.

Solving problems that require an

equation with an unknown.
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Lesson Plan 4:
If-Else

Programming
achievements:

o Applying the concept
of variables.

e Establishing
relationships between
variables and
operations.

o Understanding
multiple usage of
variables.

¢ Understanding the
need for using “If-
Else” concept.

e Using “If-Else” as a
command.

Programming achievements:

o Applying the concept of
variables.

o Establishing relationships
between variables and
operations.

e Understanding multiple usage
of variables.

e Understanding the need for
using “If-Else” concept.

o Using “If-Else” as a command.
Mathematics achievements:
(same as previous week)

e Recognizing the problem and
setting an equation with an
unknown for a real-life
situation.

e Solving equations with an
unknown.

Solving problems that require an

equation with an unknown.

Lesson Plan 5:
For Loops

Programming
achievements:

o Remembering the
reasons for using
loops.

e Remembering program
lines are shortened
with loops.

e Understanding the
difference between
“while” and “for
loop.”

Programming achievements:

o Remembering the reasons for
using loops.

o Remembering program lines
are shortened with loops.

o Understanding the difference
between “while”” and “for
loop.”

Mathematics achievements:

o Expressing rule of number
patterns by letter.

Finding the questioned term of a

pattern whose rule is expressed by
a letter.

Lesson Plan 6:
While Loop

Programming
achievements:

e Understanding the
difference between
“while” and “for
loop.”

Programming achievements:

o Understanding the difference
between “while”” and “for
loop.”

Mathematics achievements:

o Calculating and interpreting the
arithmetic mean of a data
group.

Finding and interpreting the
average, median, and peak value of
a data group.
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8 Applying
posttests

e CPSES

e CTSSES
e MAT Scale

9 Applying pretest
BASIC

Programming

Achievement Test

10 Interviews with
Students
After App|y|ng
two posttest
Small Basic
months

Programming
Achievement Test

B. Lesson Plans

Week 1 for Both Groups

1. Hafta 1. Ders Plan1 - Small Basic Nedir.docx

SMALL BASIC iLE PROGRAMLAMA

1.1 Small Basic Ortam ve ilk Program

Dersin Amaci: Bu derste 6grencilerin Small Basic programinin ortamini
tamimalar1 ve “Merhaba Diinya” ile ilk programlarim1 yazmalar
amaclanmustir.

Projenin Suresi: 1 ders saati (40 dakika)

Biitiinlesik Ders: Tlrkce

Hedef Kitle: 7. siniflar
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Kullamlacak Yazilim ve Materyaller: Small Basic

Kazanimlar:

Programlamanin ne anlama geldigini kavrar,
Programlama dilleri ile diinya dilleri arasinda iligki kurar,
Small Basic ortamini ve araclarini tanir,

TextWindow ile program yazabilir.

Icerik & Senaryo:

Konu

Sdre

Ogrencilerle “Hafta 1 — Small Basic” sunumu
paylasilir. Konuya giris yapmadan dnce Algoritma 5 dakika
ve Programlama kavramlar1 hatirlatilir.

Ogretmen programlama ile diinya dilleri arasinda
iliski kurar.

0 Orn: Insanlarn dilleri konusup, anlasarak ve
iletisim  saglamak i¢in kullanir.
insanlarin  birbiri ile anlagmasi  gibi,
makinalar1 anlamamiz ve onlarin bizi
anlamalarin1 saglamamiz ic¢in programlama
dilleri kullanirz.

Tlpkl 5 dakika

Small
(0]

yararlanilir. dak ka

Basic Ortaminin Tanitilmasi:
Small Basic ortamm tamitimu kaynagindan 15

[k programin yazilmast: “Merhaba Diinya”
0 TextWindow.WriteLine("Merhaba
Diinya") komutu yazilirken TextWindow

WriteLine program ¢iktisini aldiktan sonra |  dakika

metinsel girdi ve c¢iktilarmin  oldugu

Programi kaydetme yontemi gosterilir.

siyah ekran1 agmak i¢in kullanilan komut,

alt satira gegmek icin, Write ise alt satira
gegmeden programi bitirmek i¢in kullanilan

belirtilir.

Ogrencilerin uygulamasi
0 Hello world / Merhaba diinya yazmalar1 8 dakika

0 Alt alta fakli renklerde Merhaba diinya

istenir.

yazisini  yazabilirler.  Bunun igin
TextWindow.ForegroundColor =
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"Green" komutunun kullanildig1
belirtilir.
Dersin tekrari

2 dakika

Onemli Vurgulamalar:

e Write veya WriteLine komutlarinda ekranda gérmek
istediklerimizi tirnak ve parantez igine yaziyoruz. NoKta,
parantezler ve tirnak isaretlerinin tiimii, bilgisayarin niyetimizi
anlamasi i¢in, ifadede dogru yerlere yerlestirilmesi gereken
noktalama isaretleri.

e Programimiz siyah pencere iizerinde c¢alistti bunun nedeni
programimizda nesne olarak adlandirdigimiz TextWindow
(bazen Konsol olarak adlandirilir) kullanmamiz.

e \WriteLine program ¢iktisini aldiktan sonra alt satira gegmek igin,
Write ise alt satira gegmeden programi bitirmek i¢in kullanilan
metinsel girdi ve ¢iktilarinin oldugu tekrar hatirlatilir.

Oneriler:

“Merhaba Diinya” komutu yazilirken farkli renklerde yazma
ozelligi kullanilabilir.
o TextWindow.ForegroundColor = "Green"
o TextWindow.WriteLine("Merhaba Dlnya™)

Week 2 for Both Groups

2. Hafta Ders Planmi - Small Basic Komutlari

SMALL BASIC iLE PROGRAMLAMA

2.1 Small Basic: Degiskenler

Dersin Amaci: Bu derste 6grencilerin Small Basic programini kullanarak
nesnel programlamada degisken kavraminin Onemini o6grenmeleri ve
degisken kullanmanin amacin1 6grenmeleri amaglanmustir.

Projenin Suresi: 1 ders saati (40 dakika)
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Biitiinlesik Ders:

Hedef Kitle: 7. siniflar

Kullanilacak Yazilim ve Materyaller: Small Basic

Kazanimlar:

Degiskenlik kavramini ve ne ise yaradigini 6grenir,
Degiskenin bir degerleri olmasi gerektiginin farkina varir,
Degisken tanimlarken biiylik-kugiik harf ayrimi oldugunu
fark eder,

Degisken tanimlarken bosluk, o6zel karakter ve Tiirkce
karakter kullanilmamasi gerektigini bilir.

Icerik & Senaryo:

Konu Sdre

Ogrencilere gegen ders 6grendikleri sorulur ve Write
ile WriteLine arasindaki fark hatirlatilir. 3 dakika

Degisken kavrami Ogrencilere kisa bir drama ile
ogretilir. Ogretmen Bilisim teknolojileri dersi igin her
hafta bir “Yardimci Ogretmen / Co-Teacher”
sececegin belirtir ve segecegi kisiyi o ders igin
“yardimec1” veya “helper” olarak adlandiracagini
sOyler. Dersten bir 6grenciyi o dersin yardimcisi olarak
secer ve “Bu dersin yardimci dgrencisi ..... isimli
ogrenci” der.

5 dakika

Tahtaya yardimci = Ali (6grencinin adi) seklinde
yazar. Bu isimin her hafta degisecegini belirtir.
0 degisken kavraminda Tiirk¢e ve Ozel
karakterlerin kullanilmadig1 hatirlatirlir,
0 Programlamada kullanilan 6zel sozciiklerin
(if, random, else...vb) degiskenlerde
kullanilmayacagi belirtilir,
0 degisken kavraminin rakam ile
baslanmayacag belirtilir,
o ki yardimci varsa yardimcil, yardimci2
seklinde olabilecegi sOylenir.
Ogretmen ikinci ders gibi diisiinerek tahtada yazan
yardimci = Ali isnimi degistirir ve Ali yerine ikinci
ogrencinin admi1  yazar. Boylelikle degisken
kavraminin  degisilebilir  oldugunu, bilgisayarin
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anlamasi icin verileri tutan tanimlama oldugunu
belirtir.

Small Basic programi agilir ve asagidaki program
ogrencilere drnek olarak gosterilir:

TextWindow. Write("isminizi Girin: ") 7 dakika
name = TextWindow.Read()
TextWindow.WriteLine("Merhaba " + name)
Ogrenci uygulamas:
0 Ogrencilerden asagidaki ¢ikti gibi olacak bir
kod yazmalari istenir.
Ci\Users\raltin\AppData\Local\ Temp\tmp@2DF tmp.exe
20
dakika

0 I
TextWindow. Write (vy e Ol EI EUE
ll)

name = TextWindow. Read)

TextWindow. WriteLine ("Merhaba " +
name

e Bu aktiviteden sonra o6grencilerden 3 degiskenli
asagidaki programi yazmalar1 istenir. Bunu
yaparken metinleri renkli yazmalari da istenir.

TextWindow. ForegroundColor =
"yellow"
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TextWindow. Write (v e Ol ET EUE
Girin: " )

name = TextWindow. Read))
TextWindow. ForegroundColor =
"yellow"

TextWindow. WriteLine ("Merhaba "
+ name +"1" )

TextWindow. ForegroundColor =
"green”

TextWindow. Write (v 9 AT C1 CUC
giriniz: " )

age=TextWindow. Read)
TextWindow. ForegroundColor
"green”

TextWindow. WriteLine (age +
UAT CT AA TI1T1TAE eélE
I1T1TADCnyY

TextWindow. ForegroundColor
“cyan”

TextWindow. Write ("BOC KT  AET
UAT AGET AA T A UAI AE
dinner =TextWindow. Read)
TextWindow. ForegroundColor =
"cyan”

TextWindow. WriteLine ("Harika bir
secim!"  + dinner +v UAT AQ
ben de severim." )

Dersin tekrari

5 dakik

180




Onemli Vurgulamalar:

e \Write veya WriteLine komutlari tekrar vurgulanir.

o WriteLine program ¢iktisin1 aldiktan sonra alt satira
gecmek icin, Write ise alt satira gegmeden programi
bitirmek i¢in kullanilan metinsel girdi ve ¢iktilarinin oldugu
tekrar hatirlatilir.

e name = TextWindow.Read() kodunda bulunan Read () komutunun
bir islemci oldugu ve temel olarak bilgisayara kullanicinin bir metin
girmesini ve ENTER tusuna basmasini beklemesini soyledigi
vurgulanir.

e ForegroundColor komutu ile yazilarimizi renkli yazabilecegimiz
belirtilir. Renkleri ister merinsel olarak *“” icine, istersek her renk
icin belirtilen renk kodlari ile yazabilecegimiz paylasilir ve
ogrencilere renk kodlar1 paylasilir. (Google’da HTML Color
Chart/Codes seklinde aratilabilir.)

o TextWindow.ForegroundColor = ""Green"

o9 TextWindow.ForegroundColor = #33691e

Oneriler:

Renkler:

Black

Blue

Cyan

Gray

Green
Magenta
Red

White
Yellow
DarkBlue
DarkCyan
DarkGray
DarkGreen
DarkMagenta
DarkRed
DarkYellow
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Week 3 for Experimental Group (Mathematics Integration)

3. Hafta Ders Plan1 (Math)- Small Basic: Degiskenler

SMALL BASIC iLE PROGRAMLAMA

3.1 Small Basic: Degiskenler: Matematik

Dersin Amaci: Bu derste 6grencilerin Small Basic programini

Projenin Suresi: 1 ders saati (40 dakika)

Biitiinlesik Ders: Matematik

Hedef Kitle: 7. siniflar

Kullanilacak Yazilim ve Materyaller: Small Basic

Matematik:

Kazanimlar:

Bilisim Teknolojileri:

Degiskenlik kavramini anlar,

Degiskenler ve program sirasi arasinda iliski kurar,
Bir  programda birden fazla degisken
kullanilabilecegini kavrar.

Problemi tanir ve verilen gercek hayat durumlarina
uygun birinci dereceden bir bilinmeyenli denklem
kurar.

Birinci dereceden bir bilinmeyenli denklemleri
cozer.

Birinci dereceden bir bilinmeyenli denklem kurmay1
gerektiren problemleri ¢ozer.

Icerik & Senaryo:

Konu

Sure

Ogrencilere gegen ders dgrendikleri sorulur
ve degiskenlik 3 dakika
kavraminin tanimi harlatilir.

e Matematik kitabindan alinan asagidaki
problem tahtaya
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yansitilir (3. Hafta Degisken Matematik
Problemi

PowerPoint dokiimani):

Ali’nin alacagi 2500 TL degerindeki cep
telefonu icin

magaza 2 farkli 6deme secenegi
sunmustur.

Ali telefonu 12 taksitle alirsa aylik
Odemesi 225 TL

olacakken, pesin alirsa satis fiyati
uzerinden 150 TL

indirim kazanacaktir.

Telefonun taksitli ve pesin satis fiyatlarini
hesaplayiniz.

e Problemin matematiksel ¢6ziimii 6grencilere
adim adim
sorulur ve nakit alimda sonucun 2500-150
TL oldugu,
taksitli alimda ise 225*12 TL oldugu
paylasilir.

e Programda degisken kavraminin ne oldugu
ogrencilere
sorulur ve  O6deme  sekline  gore
degiseceginden 6denmesi
gereken tutarin burada degisken oldugu

belirtilir.

e Fikirlerin paylasimindan sonra 6grencilerden
sonucun
ekrana yazilacagi programin yazilmasi
istenir.

TextWindow. WriteLine ( "Lutfen

OAT A&l 101 AEUAOCT C
giriniz: " )
butce = TextWindow. Read)

pesin = butce - 150
taksit = 225*%12

10
dakika
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TextWindow. WriteLine  ("Butcenize

goOre 6deme
DIl AT CT CU CAOAEAT 1 EEC(
gibidir: " )

TextWindow. Writ eLine (v 0 AT E1
odemede: " +pesin +

" TL 6demeniz gerekmektedir." )
TextWindow. WriteLine  ("Taksitli
0demede: "

+taksit + " TL ddemeniz
gerekmektedir." )

Ogrenci uygulamast:

Dersin tekrari
Programdaki mantik hatas1 6grencilere 7 dakika
sorulur. Girilen biit¢e ile magazanin taban
biit¢esinin karsilagtirilmasi gerektigi ve
pesin ddenen biit¢enin taksitliden kii¢iik
olmasi gerektigi 6grencilerle tartisilir.

Bir sonraki ders igin bu konuya ¢6zum
bulmalart istenir. (If-Else)

Week 3 For Control Group (Traditional)

3. Hafta Ders Plan1 (Traditional)- Small Basic_ Degiskenler

SMALL BASIC iLE PROGRAMLAMA

3. Small Basic: Degiskenler: Klasik Yontem

Dersin Amaci: Bu derste Ogrencilerin Small Basic programini
kullanarak degisken kavramini matematik problemleri ile baglanti
kurarak uygular ve 6grenir.

Projenin Suresi: 1 ders saati (40 dakika)

Hedef Kitle: 7. siniflar
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Kullamlacak Yazilim ve Materyaller: Small Basic

Kazanimlar:

Degiskenlik kavramini anlar,

Degiskenler ve program siras1 arasinda iliski kurar,

Bir programda birden fazla degisken kullanilabilecegini
kavrar.

Icerik & Senaryo:

Konu Sire

Ogrencilere gecen ders dgrendikleri sorulur ve | 3 dakika
degiskenlik kavraminin tanim1 harlatilir.

e Ogrencilerle kahvaltida iki seceneklerinin
oldugu ve bu secenege goére siparis | 10
verebileceklerini  belirten  asagidaki  soru | gakika
paylasilir.

o Cok giizel bir Pazar giinii oldugunu
hayal edelim. Hafta sonu ailenle
kahvalti yapmaya gittin. Servisi
yapan gorevli sana kahvaltida ne
yemek istedigini sordu. Senden
aldig1 cevaba gore de kahvaltida
yemek istedigini sOyliiyor. Buna
gére yazacagimiz program size
kahvalti segenegini sorup sizden
aldigi ~ yamita  gore  moniyi
yazdirmali.

e Programda degisken kavraminin ne oldugu
ogrencilere sorulur ve alman cevaba gore
degisecegi i¢cin  kahvaltida istenilenin
degisken oldugu belirtilir.

e Oprencilere programin nasil olmasi gerektigi
sorulur ve gelen yamitlar tahtaya yazilir. Ornek
olarak asagidaki program ciktis1 sunulur ve
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ogrencilerden kendi programlarini yazmalari
istenir.

B ChUsers\raltin\AppData\Local\Tempitmp3721.tmp.exe

stersiniz?:

suyu sizin icin en kisa zamanda

TextWindow. WriteLine (v + AEOAT OCA
yemek istersiniz?: " )

kahvalti = TextWindow. Read)

TextWindow. WriteLine  (“"Merhaba! " i
+kahvalti + v OEUEI EéEIl Al

UAT AT AA EAUCY T 1 AAAEH
TextWindow. WriteLine  ("Afiyet
olsun." )

Ogrenci uygulamasi:

20
dakika

Dersin tekrari

Ogrencilerde bir sonraki ders igin iki secenek
sunacaklar1 ve bu seceneklere gbére menii
cikaran bir program yazmalar1 i¢in ne
yapilmast gerektigi ile ilgili diisiinmeleri
istenir. (If kullanimi)

7 dakika
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Week 4 for Experimental Group (Mathematics Integration)

4. Hafta Ders Plan1 (Math)- Small Basic: If Else

SMALL BASIC iLE PROGRAMLAMA

4.1 Small Basic: If-Else: Matematik

Dersin Amaci: Bu derste Ogrencilerin Small Basic programini kullanarak

Projenin Suresi: 1 ders saati (40 dakika)

Biitiinlesik Ders: Matematik

Hedef Kitle: 7. siniflar

Kullanilacak Yazilim ve Materyaller: Small Basic

Matematik:

Kazanimlar:

Bilisim Teknolojileri:

Degiskenlik kavramini matematik problemleri ile biitiinlestirerek
uygular,

Degiskenler ve islemler arasinda iliski kurar,

Bir programda birden fazla degisken kullanilabilecegini kavrar,
If-Else kavraminin neden kullandigini 6grenir

Problemi tanir ve verilen gergek hayat durumlarina uygun birinci
dereceden bir bilinmeyenli denklem kurar.

Birinci dereceden bir bilinmeyenli denklemleri ¢ozer.

Birinci dereceden bir bilinmeyenli denklem kurmay1 gerektiren
problemleri gozer.

Icerik & Senaryo:

Konu Sire
Ogrencilere gegen ders dgrendikleri sorulur ve son yapilan 3
probleme yonelik hatirlatma yapalir. dakika

e Ogrencilere telefon alimu ile ilgili bir 6nceki ders uygulanan
asagidaki matematik problemi hatirlatilir
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o Ali’nin alacag1 2500 TL degerindeki cep
telefonu icin magaza 2 farkli 6deme segenegi
sunmustur.

Ali telefonu 12 taksitle alirsa aylik 6demesi 225
TL olacakken, pesin alirsa satis fiyati tizerinden
150 TL indirim kazanacaktir.

Telefonun taksitli ve pesin satis fiyatlarini
hesaplayiniz.

ve asagidaki sorular yonlendirilir:

o Taksit ve nakit alimi arasindaki farklar nelerdir?

o Alman {iriniin toplam fiyatina bakildiginda
taksitli 6ddemeye mi yoksa nakit 6demeye mi daha
fazla biitce ayirmamiz gerekir?

o Bu programda magaza sahibinin telefonun
satacagl en diisiik fiyatin nakit fiyat yani 2350 TL
oldugunu kabul edelim. Biitgemiz 2350 TL’den az
ise program tarafindan nasil bir yanit almaliyiz?

e Bu sorulardan sonra 6grencilere algoritmada kullandiklar If-
Else kavami hatirlatiir ve Small Basic’de kullanimi
asagidaki program ile gosterilir:

u Ch\Users\Ruky\AppData\Local\Temp\tmpdD22.tmp.exe - [=
i lcam

TextWindow. WriteLine ("Lutfen bir rakam
giriniz: " )
rakam = TextWindow. Read)

It (rakam<0) then

TextWindow. WriteLine (v ' EOAEGET EU
OCAECOAAT EKeéeKE 11 AO0OT A/
AAGAO E&AOEOt v

Else

TextWindow. WriteLine  ("Girdiginiz rakam
OCAECOAKUKE 11 AOuOT AAT DI
AAGAO E@&AOEOL v

EndIf

e Bu programdan sonra bir de asagidaki program ile i¢ ice
If (NestedIf) kavrami gosterilir:

TextWindow. WriteLine (v , KOEAT EAOT C|

EOOAAEGET EU AEOET AE QAEAI

15
dakika
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rakaml = TextWindow. Read))

TextWindow. WriteLine (v , KOZEAT EAOT C]
EOOAAEOET EU EEET AE OAEAI C
rakam2 = TextWindow. Read))

TextWindow. WriteLine (v, KOZAT EAOT C|
EOOAAEGET EU KéKI AK OAEAI C
rakam3 = TextWindow. Read))
It (rakaml>rakam2 And rakaml>rakam3) then
TextWindow. WriteLine  (rakaml+ "en
bayadktdar." )
Elseif  (rakam2>rakam3) then
TextWindow. WriteLine  (rakam2+ " en

bayaktar." )
Else
TextWindow. WriteLine  (rakam3+ " en
bayadktar." )
EndIf

Ogrenci uygulamasi: Bir &nceki ders programlanan
matematik programina if kavrami eklenir ve eger
misterinin girdigi biitce pesin ve taksitli alim fiyatindan
kiiciikse programin biitceniz yetersiz mesaji vermesi

istenir. 17
B | Ch\Users\Ruky\AppData\Local\Temp\tmpBEDA.tmp.exe d akl ka

Litfen bitcenizi giriniz:

iz pesir m icin yeterli. fdemeniz gereken miktar:235@ TL'dir
key to continue...

I\Temp\tmpAFS5.tmp.exe

Program:
TextWindow. WriteLine ("Lutfen butcenizi
giriniz: " )
butce = TextWindow. Read)
pesin = 2500- 150
taksit = 225%12

If (butce > pesin) Then
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TextWindow. WriteLine (v " KOé AT EU
Al Ci EeET UAOAOI Et xAAIl /
miktar:*  +pesin + " TL'dir" )

Else
~ TextWindow. WriteLine (v " KOé& AT EU
Al Ci EéET UROAOOEUt v

almak isterseniz 12 ay suresi sonunda
toplam 6demeniz gereken Ucret: "
+taksit +" TL'dir." )

EndIf

TextWindow. WriteLine  ("Taksitli

Dersin tekrari

Week 4 For Control Group (Traditional)

4. Hafta Ders Plani1 (Traditional)-1f Else

SMALL BASIC iLE PROGRAMLAMA

4. Small Basic: If — Else: Klasik YOontem

Dersin Amaci: Bu derste 6grencilerin Small Basic programini kullanarak
degisken kavrami ile birlikte karsilastirma igin kullanilan if-else
kavramini uygulamak ve 6grenmek.

Projenin Suresi: 1 ders saati (40 dakika)

Hedef Kitle: 7. siniflar

Kullanilacak Yazilim ve Materyaller: Small Basic

Kazanimlar:

Degiskenlik  kavramini  matematik  problemleri ile
biitiinlestirerek uygular,

Degiskenler ve islemler arasinda iliski kurar,

Bir programda birden fazla degisken kullanilabilecegini
kavrar,

If-Else kavraminin neden kullandigini 6grenir
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Icerik & Senaryo:

iki segenekten olusan bir program yaziniz.
Program size kahvalti secenegini sorup
sizden aldigi yanita goére moniyi
yazdirmali.

ve asagidaki soru yonlendirilir:

o Kahvaltida bizlere iki se¢enek sunulsa ve
biz o se¢eneklerden birini se¢sek nasil bir
program yazabiliriz?

e Bu soru ile dgrencilerle beyin firtinas1 yaptiktan
sonra 6grencilere algoritmada kullandiklar If-Else
kavramu hatirlatilir ve Small Basic’de kullanimi
asagidaki program ile gosterilir:

m] ChUsers\Ruky\AppData\Local\Temp\tmpAFEL.tmp.exe

En sevdigim rengi tahmin edebilir misin? Liitfen bir
sari

Bilemedin, liitfen tekrar dene.

Press any key to continue...

rengi tahmin edebilir misin? Lutfen
bir renk giriniz: " )
renk = TextWindow. Read)

If (renk=y ECOI X thénhy
TextWindow. WriteLine (v $1 0 O
E

OAEI EIln %l OAOAEGEI)
Else

TextWindow. WriteLine  ("Bilemedin,
lutfen tekrar dene.” )
EndIf

TextWindow. WriteLine (v %1 OAOAE

(

Konu Sdre
Ogrencilere gecen ders dgrendikleri sorulur ve son
yapilan probleme yonelik hatirlatma yapilir. 3 dakika
e Oprencilere kahvalt1 secenegi ile igili bir dnceki
ders uygulanan asagidaki program hatirlatilir
o Hafta sonu ailenle gidecegin kahvalti i¢in .
15 dakika
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e Buprogramdan sonra bir de asagidaki program ile
i¢ ice If (NestedIf) kavrami gosterilir:

TextWindow. WriteLine ("Lutfen

EAOT Ci A1 OCOIi AE EOOAAEQG

OAEAI C CEOQEIT EUKk v

rakaml = TextWindow. Read)

TextWindow. WriteLine ("Lutfen
EAOT Cl A1 OCOi AE EOOAAEG
OAEAI C CEOQET EUKk v

rakam2 = TextWindow. Read))

TextWindow. WriteLine ("Lutfen
EAOT Cl A1 OCOi AE EOOAAEG
OAEAI C CEQEIT EUKk v

rakam3 = TextWindow. Read))

[T (rakaml>rakam2 And rakaml>rakam3)
then

TextWindow. WriteLine  (rakaml+ "en
bayuktar." )
Elseif  (rakam2>rakam3) then

TextWindow. WriteLine  (rakam2+ " en
bayuktar." )
Else

TextWindow. WriteLine  (rakam3+ "en
bayuktar." )

EndIf

Ogrenci uygulamasi: Bir dnceki ders programlanan
kahvalti programina if kavrami eklenir ve eger
misteri herhangi bir tercth yapmazsa hazir
calisanlara danisilabilecegine dair bir mesajim
ekrana yazilacagi programi yazmalari istenir

17 dakika
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B ChUsers\raltin\AppData\Local\Ternp\tmpDB4D tmp.exe

Litfen kahvaltida ne yemek istediginizi yaziniz:

Program:
TextWindow. WriteLine (v, KOEZAT EAEQ
neyemekist AAEOGET EUE UAUCT CU

kahvalti = TextWindow. Read)

f (kahvalti <> ") Then

TextWindow. WriteLine  ("Merhaba! "
+kahvalti + v OEUEI EéEIl Al E

EAUCO T 1)AAAELt v
TextWindow. WriteLine  ("Afiyet olsun.” )
Else

TextWindow. WriteLine  ("Kahvalty tercihi
UADBI AAQI CUt v
TextWindow. WriteLine (" Dilerseniz
AT AOCAAEE EAEOAI OC OAeg Al
isteyebilirsiniz." )
TextWindow. WriteLine (" 1. Serpme
+ AEOAI)OCt v
TextWindow. WriteLine (" 2. Omlet." )
TextWindow. WriteLine (" 3. Tost." )
TextWindow. WriteLine (" 4. Simit ." )
EndIf

Dersin tekrar

5 dakika
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Week 5 for Experimental Group (Mathematics Integration)

5. Hafta Ders Plan1 - Small Basic (Math): For Loop / For Donguisu

SMALL BASIC iLE PROGRAMLAMA

5. Small Basic: For Déngusiu: Matematik

Dersin Amaci: Bu derste 6grencilerin Small Basic programini kullanarak for
dongi kavrami 6grenmek.

Projenin Suresi: 1 ders saati (40 dakika)

Biitiinlesik Ders: Matematik

Hedef Kitle: 7. siniflar

Kullanilacak Yazilim ve Materyaller: Small Basic

Kazanimlar:
Bilisim Teknolojileri:
Dongii kavraminin neden kullanildigini 6grenir,
Dongiilerle program satirlarinin kisaldigini farkeder,
For donglisiinde degiskenlere baslangic ve bitis noktasi

vererek kullanildigini kavrar,
Matematik:

e Sayi Oriintlilerinin kuralini harfle ifade eder, kurali harfle ifade edilen
oruntinun istenilen terimini bulur.
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Icerik & Senaryo:

https://www.flocabulary.com/unit/coding-
for-loops/

e Dongiilerin bilgisayara tekrarini etmesini istedigimi
komutlar i¢in kullanildig: belirtilir. Bunun i¢in 1’den
24’e kadar rakamlarin ekrana gelmesini saglayan bir
program yazmalar1 gerektigini ve hangi yollarla
yazilabilecegi 6grencilere sorulur.

e Alinan cevaplardan sonra ayni program ¢iktisini
veren asagidaki iki program Ogrencilere gosterilir ve
For dongiisti kullanimi ile satir sayisinin ne kadar
azaltildig1 vurgulanir.

B | C\Users\Ruky\AppData\Local\Temp\tmpFCF8.tmp.exe

any key to continue...

Program 1:
TextWindow. WriteLine (1"
TextWindow. WriteLine (2"
TextWindow. WriteLine (3"
TextWindow. WriteLine ("4
TextWindow. WriteLine ("5
TextWindow. WriteLine ("6
TextWindow. WriteLine ("7"
TextWindow. WriteLine ("8
TextWindow. WriteLine ("9

N N N N N N N N N

Konu Sure
Ogrencilere gecen ders dgrendikleri sorulur ve if-else
komutlar1 s6zel olarak tekrar edilir. 3 dakika
e Dongli kavrami Ggrencilere asagidaki videonun
izletilmesi ile baslar:
o Flocabulary: Loops Videosu
Lok 15 dakika
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https://www.flocabulary.com/unit/coding-for-loops/

TextWindow. WriteLine ("10"
TextWindow. WriteLine ("11"
TextWindow. WriteLine ("12"
TextWindow. WriteLine ("13"
TextWindow. WriteLine ("14"
TextWindow. WriteLine ("15"
TextWindow. WriteLin e("16"
TextWindow. WriteLine ("17"
TextWindow. WriteLine ("18"
TextWindow. WriteLine ("19"
TextWindow. WriteLine ("20"
TextWindow. WriteLine ("21"
TextWindow. WriteLine ("22"
TextWindow. WriteLine ("23"
TextWindow. WriteLine (24"

N N N N N N N N N N N N N N N

Program 2:
For i =1 To 24
TextWindow. WriteLine (i)
EndFor
e Bu programda kullanilan i degerinin 1’den 24’e kadar
gelen sayilar1 tutmasi igin atanan degisken oldugu
vurgulanir. For dongusiinde donglnun baslangic¢ ve

bitis degeri oldugu vurgulanir ve prolramin bu
degerler arasinda tekrar ettigi belirtilir.

Asagidaki matematik probleminin 6grenciler tarafindan
programlanmasi istenir:

VAN /\//\/

1. Adm iz Adlm | 34 Adlm
3 kibrit ¢épii 5 kibrit Qépd 7 kibrit Qapu

Yukarida kibrit ¢opleri kullanilarak olusturulmus olan bir
sekil Oriintiisiiniin ilk ti¢ adimi1 verilmistir. Bu oriintiiniin
ilk 6 adiminda kullanilan toplam kibrit ¢6pii sayis1 kagtir?

17 dakika
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B | CA\Users\Ruky\AppData\Local\Temp\tmp&0CC.tmp.exe

Litfen &rinti adim sayisini giriniz:

9
11
13

1

TextWindow. WriteLine (v , KO&ZAT § OKI

OAUCOCI C CBOET EUKk v
sayi = TextWindow. Read)

For i = 1 to sayi

formul = 2*i +1

TextWindow. WriteLine ( "n=" +i+ "icin: 2
X" +0 +"+1=" + formul )

toplam =toplam +formul
EndFor

EEAOEO égbK O#oplaam)C 7 Y
Dersin tekrari

Week 5 For Control Group (Traditional)

5. Hafta Ders Plani (Traditional): For Loop / For Dongiisii

SMALL BASIC iLE PROGRAMLAMA

5. Small Basic: Donguler — For Dongusi: Klasik Yoéntem

Dersin Amaci: Bu derste dgrencilerin Small Basic programini kullanarak for
dongl kavrami dgrenmek.

Projenin Suresi: 1 ders saati (40 dakika)
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Hedef Kitle: 7. siiflar

Kullanilacak Yazilim ve Materyaller: Small Basic

Kazanimlar:

Dongii kavraminin neden kullanildigini 6grenir,

Déongiilerle program satirlarinin kisaldigini farkeder,

For dongiisiinde degiskenlere baslangi¢ ve bitis noktasi vererek
kullanildigini kavrar,

Icerik & Senaryo:

Konu Sare
Ogrencilere gecen ders ogrendikleri sorulur ve if-else 3
komutlar1 s6zel olarak tekrar edilir. dakika

e Dongii kavrami 6grencilere asagidaki videonun izletilmesi ile

baslar:
o Flocabulary: Loops Videosu

e Dongiilerin bilgisayara tekrarini etmesini istedigimi komutlar 15
icin kullanildig1 belirtilir. Ekrana 10 kere “Merhaba” ekrana dakika
gelmesini saglayan bir program yazmalar gerektigini ve
hangi yollarla yazilabilecegi 6grencilere sorulur.

e Alinan cevaplardan sonra ayni program c¢iktisini veren
agagidaki iki program 6grencilere gosterilir ve For dongisu
kullanimu ile satir sayisinin ne kadar azaltildigi vurgulanir.

B Ch\Users\Ruky\AppData\Local\Temp\tmpB658.tmp.exe

Merhaba
Merhaba
Merhaba
Merhaba
Merhaba
Merhaba

Merhaba
Merhaba
Merhaba
Merhaba
Press any key to continue...

Program 1:

198




TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")
TextWindow. WriteLine ("Merhaba")

Program 2:

For i =1 To 10

TextWindow. WriteLine (
TextWinAT xt 7 OEOQOA, ET As2- AOEA
EndFor

e Bu programda kullanilan i degerinin 1°’den 10’a kadar gelen
sayilar1 tutmasi i¢in atanan degisken oldugu vurgulanir.

Artik hayatinizda sporun da olmasini istiyorsunuz. Sporun
yaninda su icmeye de Onem gdsteriyorsunuz. Oyle bir
program yazmaliyiz ki Belirledigin adim sayisina ulastiginda
bana “Su Igmelisin” mesaji vermeli.

17
dakika
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B ChUsers\raltin\AppData\Local\Temp\tmp120C tmp.exe

Kac adim sonunda su icmelisin mesaji almak istersin?
18

168 adimi tamamladin. Simdi bir bardak su icmelisin.
Press any key to continue...

TextWindow. ForegroundColor ="cyan"

TextWindow. WriteLine (v + Aé AACI OT 1
Eeil Al EOET | AOAEC A)iI AE EO
adim= TextWindow. ReadNumbef)

For i =1 To adim
TextWindow. ForegroundColor ="magenta”

~ TextWindow. WriteLine (v ( AOEEAOK+ 1
I O AOAIT C AACI)CI C AOOCI v
EndFor

TextWindow. ForegroundColor ="yellow"

TextWindow. WriteLine (v sdzdz AACI C OAI
SEI AE AEO AAOAAE PO Eeli Al

Dersin tekrar
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5
dakika

Week 6 for Experimental Group (Mathematics Integration)

6. Hafta Ders Plan1 Small Basic (Math): While Loop / While Dongiisti

SMALL BASIC iLE PROGRAMLAMA

6. Small Basic: Donguler: While Dégust: Matematik

Dersin Amaci: Bu derste 6grencilerin Small Basic programini kullanarak while
dongi kavrami 6grenmek.

Projenin Suresi: 1 ders saati (40 dakika)

Biitiinlesik Ders: Matematik

Hedef Kitle: 7. siniflar

Kullanilacak Yazilim ve Materyaller: Small Basic

Kazanimlar:

Bilisim Teknolojileri:
DoOngii kavraminin neden kullanildigini 6grenir,
Déongiilerle program satirlarinin kisaldigin fark eder,
Dongiilerin  degiskenlere baslangic ve bitis noktasit vererek
kullanildigin1 kavrar,
While ve for dongiisii arasindaki farki 6grenir.

Matematik:
Bir veri grubuna ait aritmetik ortalamayi hesaplar ve yorumlar.
Bir veri grubuna ait ortalama, ortanca ve tepe degeri bulur ve
yorumlar.

Icerik & Senaryo:
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Konu Sire

Ogrencilere gecen ders ogrendikleri sorulur ve for | 3 dakika
dongiisiinii hangi durumlarda kullandigimiz sorulur.

e For dongiisti belirli say1 araliklar1 arasinda kullanildig:
ogrencilere bir onceki derste verilen 1’den 24’¢ kadar
sayilarin ekrana yazilmasi 6rnegi ile hatirlatilir. .

For i =1 To 24 15 dakika

TextWindow. WriteLine (i)
EndFor

e While dongiistinii kullanirken belli bir kosul olmasi
gerektigi sdylenir ve asagidaki 6rnek paylasilir.

number = 40
While (number > 1)
TextWindow. WriteLine (number)
number = number / 2
EndWhile

e Buprogramdaki kosul 6grencilere sorulur ve agiklamasi
su sekilde yapilir:
Bu dongiide number’a 40 degerini atiyoruz ve gelen
sayinin ikiye boliimii say1 1’den biiyiik oldugu siirece While
dongiisiinii ¢alistirtyoruz.

Ogretmen 6. Hafta problemini tahtaya yansitir ve
ogrencilere aritmetik ortamalanin nasil alindigina dair
sorular sorar.

17 dakika
Aritmetik ortalama hesaplanmasinin nasil yapildig:

hatirlatildiktan sonra while dongiisii kullanarak bu

problemin nasil yapilabilecegi 6grencilere sorulur.
Soru:

Bir basketbol takimi1 5 magta sirasiyla 36, 42, 35, 40, 38

sayl atmistir. Bu takimin 5 mactaki say1 ortalamasini

hesaplayiniz
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B | C\Users\Ruky\AppData\Local\Temp\tmp85E2.tmp.exe
Litfen takim adini giriniz: :
lLakers

Takim

Takim

Takim
Takim
Takim

18
38.

toplam =0
macsayisi =0

TextWindow. WriteLine (v , KOZEAT OAECI
giriniz: " )
takim = TextWindow. Read)

takim <>""
TextWindow. Write (v 4 AECI OET O
")
skor = textwindow . ReadNumbef)
skor > 0O
toplam = toplam +skor
macsayisi =macsayisi +1

(@]

end
end :
TextWindow. WriteLine (takim+ v OAECI
[ Ul AACaC | Ael AOAA Al 4

AOEOI AOEE | OO+taplam //macsayisi
+vy TAEI ET AAAEO!t v

NOT: While donglsunde belirtilen kosulun ekrana sayi
girmeden enter’a basmak oldugu, bu asamaya kadar
dongiiniin siirekli devam edecegi dgrencilere net bir sekilde
ifade edilmeli.
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Dersin tekrari 5 dakika

Week 6 For Control Group (Traditional)

6. Hafta Ders Plani1 - Small Basic (Traditional): For While / While Dongusi

SMALL BASIC iLE PROGRAMLAMA

6. Small Basic: Donguler: While Dogusi: Klasik Yontem

Dersin Amaci: Bu derste 6grencilerin Small Basic programini kullanarak while
dongi kavrami 6grenmek.

Projenin Suresi: 1 ders saati (40 dakika)

Hedef Kitle: 7. siniflar

Kullanilacak Yazilim ve Materyaller: Small Basic

Kazanimlar:

Dongii kavraminin neden kullanildigini 6grenir,

Déongiilerle program satirlarinin kisaldigin fark eder,
Dongiilerin  degiskenlere baslangic ve bitis noktast vererek
kullanildigini kavrar,

While ve for dongiisii arasindaki farki 6grenir.

Icerik & Senaryo:

Konu Sure

Ogrencilere gegen ders ogrendikleri sorulur ve for | 3 dakika
dongiisiinii hangi durumlarda kullandigimiz sorulur.

e For dongusu belirli say1 araliklari arasinda kullanildig:
ogrencilere bir onceki derste verilen Ekrana 10 kere
“Merhaba” ekrana gelmesini saglayan program ornegi

ile hatirlatilir.
For i =1 To 10

12 dakika
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TextWindow. WriteLine (

EndFor

e While dongiistinii kullanirken belli bir kosul olmasi
gerektigi sdylenir ve asagidaki 6rnek paylasilir.
number = 40
While (number > 1)

TextWindow. WriteLine (number)
number = number / 2

EndWhile

e Bu programdaki kosul Ogrencilere sorulur ve
aciklamasi su sekilde yapilir:
Bu dongiide number’a 40 degerini atiyoruz ve gelen
sayinin ikiye boliimii say1 1’den biiyiik oldugu siirece While
dongiistinii ¢alistiriyoruz. .

Evde ¢ok sikilan Pelin bir oyun programlamak ister.
Programda tuttugu say1y1, oyuncunun tahmin ederek
bulmasini saglayan bir oyun diisiiniir. Eger oyuncunun
girdigi say1, programda tutulan sayidan biiyiikse “Yazdigin
say1 biiyiik, biraz daha kiiciik tahiminlerde
bulunmalisin”, kiiclikse “Yazdigin sayi kiiciik, biraz
daha biiyiik tahiminlerde bulunmalisin” mesajlarinin
verilen bir program yazar. Sizler de yazabilir misiniz?

B Ch\Users\raltin\AppDatat\Local\ Tempitrmp3D15.tmp.exe

n isminizi giriniz:

Wazdigin say1l biyik, biraz daha kicik tahiminlerde bulummalisin.

Harikasin Rukiye! Tuttugum sayiyi tahmin edebildin!
Press any key to continue...

TextWindow. WriteLine ("Lutfen isminizi
giriniz:" )

isim = TextWindow. Read)
sayi = 25
cevap = 0

While (cevap <> sayi)
TextWindow. ForegroundColor ="Magenta"
~ Text Window Write ("Lutfen 1 ile 50 o
AOAOCI AA AEO OAE) EI CEOEI E
cevap = TextWindow. ReadNumbef)
If (cevap = sayi ) Then 'Player guessed
correctly

TextWindow. ForegroundColor ="yellow"

20 dakika
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TextWindow. WriteLine (v ( AOEEAOCI
#isim+vyn 4000000C OABICET AAA
Elself (cevap > sayi ) Then
TextWindow. ForegroundColor ="cyan”
TextWindow. WriteLine (v 9 AUACOCT O
buyuk, biraz daha kiicuk tahiminlerde
AOI OT 1 AT)YOCTt v
Else
TextWindow. ForegroundColor ="red"
Textwindow. WriteL ine (v 9 AUACO CT O/
klicuk, biraz daha buyuk tahiminlerde
AOI Ol I AI)COCIT t v
EndIf
EndWhile

Dersin tekrari

C. Visuals for Lessons

Week 1 For Both Groups

SMALL BASIC ILE PROGRAMLAMA

RUKIYE ALTIN

ODTU GELISTIRME VAKFI OZEL ILKOKULU
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HATIRLAYALIM

Belli bir problemi ¢6zmek Var olan bir problemi ¢6zmek
veya belirli bir amaca amaciyla bilgisayar dili
ulagsmak icin tasarladigimiz kullanilarak olusturdugumuz

ve izledigimiz yol. anlatimlar.

Bir anlatimi bilgisayar dili ile programlamadan
once algoritma ile izleyecegimiz yolu
tasarlariz.

BU DERSIMIZDE NELER OGRENECEGIZ?

M Programlama Nedir?
® Small Basic Nedir?

B Small Basic araytizini ve araglarini
tanima

B «Merhaba Diinya» ile ilk Small Basic
programimizi olusturma

M Programi kaydetme ve tekrar agma
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PROGRAMLAMA NEDIR?

M Programlama, makinalarin bizleri
anlamasini saglamak igin hazirlanan komut
dizisidir.

PROGRAMLAMA NEDIR?
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SMALL BASIC NEDIR?

mSmall Basic’'te
bilgisayarlar
konusturabilecegimiz

programlama dillerinden
biridir.

s

 —

IlIlIlllIll‘-FlTTF D
CELTITCLOLEr o]

=i
ICCCC0000000C
LCI LI

=
n

D

SMALL BASIC NEDIR?

®m Metinsel programlama dili
. olan Small Basic, Visual Basic
I BaS|C ve Java gibi programlama
dillerini 6grenmenizi
kolaylastiracaktir.

Microsoft ©

Sma

SMALL BASIC PROGRAMININ ARA YUzU

B Sonuic

Jod® g pooi|_4

Hep beraber Small Basic ara
ylzunil ve araglarini taniyalhm.
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ILK PROGRAMIMIZ

B Small Basic e =)

U B

on Qe ’ v

Ven A Kayder FrdKapdet Eormis Galger (F5) Meaun
Adsz® ) | oo
1 TextWindow.Writeline("Merhaba Dinya" )| | | O)

WriteLine

Metin penceresine metin ya da
sy yazar. Yeni st karakleri

Week 3 For Experimental Group (Mathematics Integration)

Hmm.. Peki ben nakit

Nakit alimlarda 150 & alimda ve taksitli

indirim uygulamaktayiz.
12 ay taksitle alirsaniz
aylk 225 £ 6demeniz
gerekmektedir.

alimda telefonun fiyati
ne kadara geliyor
hesaplayayim.

o

i Ali’nin alacagi 2500 TL degerindeki cep telefonu igin magaza 2 farkli 6deme segenegi sunmustur.
‘ Al telefonu 12 taksitle alirsa aylik 6demesi 225 TL olacakken, pesin alirsa satis fiyat: izerinden 150 TL indirim

kazanacaktir.

| Telefonun taksitlive pesin satis fiyatlarim hesaplaymiz.
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Week 3 For Control Group (Traditional)

Glinaydin!
Siparislerinizi
alabilir miyim?

~a
1\

Cok gtizel bir Pazar glinti oldugunu hayal edelim. Hafta sonu

ailenle kahvalti yapmaya gittin. Servisi yapan gorevli sana
' . I kahvaltida ne yemek istedigini sordu. Senden aldigi cevaba

o

gore de kahvaltida yemek istedigini syltiyor. Buna gore
yazacagimiz program size kahvalti segenegini sorup sizden
aldigl yanita gore monuy yazdirmali.
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1" C\Users\raltin\AppData\Local\Temp\tmp3721.tmp.exe

Kahvaltida ne yemek istersin

Tost ve portakal suyu

Merhaba! Tost ve portakal suyu sizin i¢in en kisa zamanda hazir olacak.
Afiyet olsun.

Press any key to continue...

Week 4 For Experimental Group (Mathematics Integration)

. Hmm.. Peki ben nakit
Nakit aimlarda 150 & alimda ve taksitli

indirim uygulamaktayiz. alimda telefonun fiyati

12 ay taksitle alirsaniz ne kadara geliyor
aylik 225 & ddemeniz hesaplayayim.
gerekmektedir. -— -
e o

Ali’nin alacagi 2500 TL degerindeki cep telefonu i¢in magaza 2 farkli 6deme segenegi sunmustur.

Al telefonu 12 taksitle alirsa aylik demesi 225 TL olacakken, pesin alirsa satis fiyat: tizerinden 150 TL indirim
kazanacaktir.

Telefonun taksitlive pesin satis fiyatlarim hesaplaymiz.

B ' C\Users\Ruky\AppData\Local\Temp\tmpBEDA.tmp.exe

Litfen blitcenizi giriniz:

2700

Biitceniz pesin alim icin yeterli. Odemeniz gereken miktar:2350 TL'dir
Press any key to continue...
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B ' C:\Users\Ruky\AppData\Local\Temp\tmpAF55.tmp.exe

Litfen bitcenizi giriniz:

2200

Blitceniz pesin alim ic¢in yeter

Taksitli almak isterseniz 12 ay resi sonunda toplam odemeniz gereken tlicret: 2700 TL'dir.
Press any key to continue...

Week 4 For Control Group (Traditional)

Guinaydin!
Siparislerinizi
alabilir miyim?

A

X el

- Cok giizel bir Pazar giinii oldugunu hayal edelim. Hafta
sonu ailenle kahvalti yapmaya gittin. Servisi yapan
gorevli sana kahvaltida ne yemek istedigini sordu.

)

- ’ Senden aldig| cevaba gore de kahvaltida yemek
’" istedigini soylliyor. Buna gore yazacagimiz program
size kahvalti secenegini sorup sizden aldigi yanita gore
I l montyu yazdirmali. Ne yiyecegimizi bilmiyorsak bos
olarak enter tusuna basip, personelin bize kahvalti

mensini listelemesini isteyecegiz.

B " C\Users\raltin\AppData\Local\Temp\tmpDB4D.tmp.exe
Litfen kahvaltida ne yemek istediginizi yaziniz:
ahvalti tercihi yapmadiniz.

Dilerseniz asagidaki kahvalti seceneklerinden birini isteyebilirsiniz.
1. Serpme Kahvalti.

2. Omlet.

3« TOsk.
4. Simit
ress any key to continue...
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B " C\Users\raltin\AppData\Local\Temp\tmp410D.tmp.exe

Lutfen kahvaltida ne yemek istediginizi yaziniz:

Menemen

Merhaba! Menemen sizin ic¢in en kisa zamanda hazir olacak.
Afiyet olsun.

Press any key to continue...

Week 5 For Experimental Group (Mathematics Integration)

; ;
1. Adim 2. Adim 3. Adim
5 kibrit ¢Opu 7 kibrit ¢6p

3 kibrit gopu

Yukarida kibrit ¢opleri kullanilarak olusturulmus olan bir sekil
ortnttstnin ilk tg adimi verilmistir.

Bu orintuniin ilk 6 adiminda kullanilan toplam kibrit ¢opu sayisi (
kagtir?
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B | C\Users\Ruky\AppData\Local\Temp\tmp60CC.tmp.exe

Lutfen oruntu adim sayisini giriniz:
6

n=1 icin:
n=2 icin:
n=3 icin:

n=4 icin:

n=5 icin: ] 11

n=6 icin: x 6 +1 =13

Kullanilan toplam kibrit ¢Opu sayisa
Press any key to continue...

Week 5 For Control Group (Traditional)

Bugiin hig su Harika bir program
icmedim. yazdim. Belirledigim
adim sayisina
ulastigimda bana su 1

icmemi hatirlatiyor.
100 adim attin
abe simdi su icme
v zamani!

2 Vo
Artik hayatinizda sporun da ol
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B " C\Users\raltin\AppData\Local\Temp\tmp120C.tmp.exe

Ka¢ adim sonunda su i¢melisin mesaji almak i
10

100 adimi tamamladin. Simdi bir bardak su ic¢cmelisin.
Press any key to continue...

Week 6 For Experimental Group (Mathematics Integration)

% g VISITOR

BONUS

Bir basketbol takimi 5 macta
sirasiyla 36, 42, 35, 40, 38
sayl atmigtir. Bu takimin 5
magctaki sayl ortalamasini
hesaplayiniz.
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B! C\Users\Ruky\AppData\Local\Temp\tmp85E2.tmp.exe

Litfen takim adini giriniz:
Lal

skorunu giriniz

 Takam inu girini
Takim sko giriniz
skorunu girini
Takim
Takim skorunu giriniz :
Lakers takiminin oynadigi ma¢larda aldigi skorlarin aritmetik ortalamasi 38.2 seklindedir.

Press any key to continue...

Week 6 For Control Group (Traditional)
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B " C:\Users\raltin\AppData\Local\Temp\tmp3D15.tmp.exe

Litfen isminizi giriniz:
Rukiye

Yazdigin sayi biuyiuk, biraz daha kic¢ik tahiminl in.

Harikasin Rukiye! Tuttugum sayiyi tahmin edebildin!
Press any key to continue...

D. Guidance for Teachers

Small Basic User Interface

SmallBasic’11lk calistirdiginizda, asagidaki sekle benzeyen bir pencere goreceksiniz.

o B = O] o b
v A j‘faylmla

Koydet Farkli Kaydet

Veprgir Galistr (£5) @

Adsiz

Microsoft Small Basic v0.9
&
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Bu, Small Basic programlarimizi yazip, ¢alistiracagimiz Small Basic Ortamidir. Bu ortamin,
sayilarla tanimlanmais cesitli belirgin 6geleri vardir.

1. ile tanimlanmis olan Diizenleyici, Small Basic programlarini yazacagimiz yerdir. Ornek
bir programi ya da daha 6nce kaydedilmis olan bir programi agtiginizda, ekranda bu
diizenleyici goriintiilenecektir. Bu durumda, o programi degistirebilir ve daha sonra
kullanmak Uzere kaydedebilirsiniz.

Ayrica, bir kerede birden fazla progranu agabilir ve iizerinde ¢aligabilirsiniz. Uzerinde
calistiginiz her bir program, ayr1 bir diizenleyicide goriintiilenecektir. O anda iizerinde
calistiginiz programi igeren diizenleyici, aktif diizenleyici olarak adlandirilir.

2. ile tanimlanmis olan Ara¢ Cubugu, aktif dizenleyiciye veya ortama komut vermek i¢in
kullanilir. Ilerledikge, arag cubugundaki gesitli komutlar1 6grenecegiz.

3. ile tanimlanmis olan YUzey, tim diizenleyici pencerelerinin gittigi yerdir.

E. Instruments

Mathematics Attitude Scale

MATEMATIK DERSINE YONELIK TUTUM OLCEGI

Bu olgek sizin matematik dersiyle ilgili diisiincelerinizi 6grenmek i¢in
hazirlanmistir. Climlelerden higbirinin kesin cevabi yoktur. Her climleyle ilgili
gorls, kisiden kisiye degisebilir. Bunun i¢in vereceginiz cevaplar kendi goriisiiniizii
yansitmalidir. Her climleyle ilgili gortis belirtirken 6nce climleyi dikkatle okuyunuz,
sonra climlede belirtilen diisiincenin, sizin diisiince ve duygunuza ne derecede uygun

olduguna karar veriniz (Duatepe ve Cilesiz, 1999).

Kesinlikle Katilmiyorum
Katilmiyorum
Kararsizim
Kismen Katiliyorum
Tamamen Katiltyorum

1. Matematik beni korkutmuyor.

2. Matematik sevdigim dersler arasindadir.

3. Matematik ¢aligmayi isterim.

219



4. Matematigi hayatim boyunca bir ¢ok yerde kullanacagim.

5. Matematik ¢alisirken gergin olurum.

6. Yeni bir matematik problemiyle ugrasirken kendimi rahat
hissederim.

7. Matematigi anlamaya ¢aliymak zaman kaybidir.

8. Matematik calismanin tesvik edici hi¢ bir yan1 yok.

9. Matematik 6grenmek zahmete deger.

10. Matematik problemlerini ¢6zmeye ¢alismak bana ¢ekici
gelmiyor.

11. Matematik c¢alisirken siradisi bir soruyla karsilaginca yanit
bulana kadar ugrasirim.

12. Bu derste 6grendiklerimi giinliik hayatta kullanacagimi
sanmiyorum.

Kesinlikle Katilmiyorum

Katilmiyorum

Kararsizim

Kismen Katiliyorum

Tamamen Katiliyorum

13. Bazi insanlarin matematikten nasil bu kadar
hoslandiklarini anlamiyorum.

14. Meslek hayatimda matematigi kullanacagimi
diistinmiiyorum.

15. Zorunlu olmasam matematik derslerine girmezdim.

16. Matematik ¢calismaya baslaymca birakmak zor gelir.

17. Matematigi iyi bilmek ¢alisma olanaklarimi artiracaktir.

18. Matematik derslerinde iyi notlar alabilirim.

19. Matematik ¢alisirken kaygili olmam.

20. Matematiksel diigiinme yetenegine sahip degilim.

21. Karsilastigim problemleri matematik kullanarak ¢6zmek
hosuma gider.

22. Matematigi anlayamayacagimi diisliniiyorum.

23. Matematik bir bilim degil yalnizca bir aragtir.

24. Derste ¢0ziimil yarim kalan matematik sorulariyla
ugrasmak bana zevk verir.

25. Matematik derslerinde basarili olmak benim i¢in
onemlidir.

26. Matematik ¢aligmak gerektiginde kendime giivenmem.

27. Matematik alaninda iddialiyim.
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28. Baskalariyla matematik hakkinda konugmaktan
hoslanmam.

29.

Matematik dersinden zevk aliyorum.

30.

Matematigin adini bile duymak beni huzursuz eder.

31.

Bundan bagka matematik dersi almak istemiyorum.

32.

Diger dersler bana matematikten daha 6nemli gelir.

33.

Matematik kafarni karistirir.

34.

Matematik sikicidir.

35.

Matematik en korktugum derslerden biridir.

36.

Matematik ¢alisirken kendimi pgok ¢aresiz hissediyorum.

37.

Keske diger derslerde matematik kullanmam
gerekmeseydi.

Computational Thinking Skills Self-Efficacy Scale

Ortaokul Ogrencileri I¢in Bilgi islemsel Diisiinme Becerisine Yonelik Oz

Yeterlik Algis1 (BIDBOA) Olgegi

Sira No

Soru Metni

Evet

Kismen

Hayir

Algoritma Tasarlama Yeterligi

Algoritmalarin hangi amagla kullanildigini anlryorum.

Algoritmanin ne oldugunu biliyorum.

Basit algoritmalar olusturabilirim.

Kosullu algoritmalar olusturabilirim.

Dongii yapisinda algoritmalar olusturabilirim.

Algoritma olustururken mantiksal sorgulama yapabilirim.

Bir algoritmanin ¢iktisinin ne olacagini tahmin edebilirim.

Algoritmada bulunan hatalar1 ayiklayabilirim.

O |0 | N[ |0 | B |W ([N |-

Algoritmalarin dijital araglar i¢in nasil koda doniistiiriilecegini anliyyorum.

RrlRr|lRrlRrlRr|Rr]|R,r|R,r|F~

N[NNI DNININIDNIDNDN

W W W w| wlw|w|w|w

Problem Cozme Yeterligi

10

Problemi ¢6ziip sonucunu bulduktan sonra yaptigim islemleri kontrol ederim.

11

Problemi ¢6ziip sonucunu bulduktan sonra yaptigim islemleri kontrol eder varsa
hatalari diizeltirim.

12

Bir problemi okudugumda, ¢6ziim i¢in hangi bilgiye ihtiyacim oldugunu
diistintirtim.

13

Problem ¢6ziim siirecinde iglem 6nceliklerine dikkat ederim.
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14 Bir problemi okudugumda, ¢oziim i¢in gerekli ve gereksiz olan bilgiyi ayirt 1 2 3

edebilirim.
15 Farkli ¢6ziim yollarini inceleyerek daha iyi bir ¢6ziim bulmaya ¢aligirim. 1 2 3
16 Bir problemi okudugumda, daha dnce ¢6zdiigiim problemleri diisiinerek 1 2 3
benzerlik ve farkliliklarina gore aralarinda iligki kurarim.
17 Problem ¢6zerken, hangi iglemi neden yaptigimu siirekli sorgularim. 1 2 3
18 Bir problemi ¢6zebilmem i¢in yeterli veri sunulup sunulmadigma karar 1 2 3
verebilirim.
19 Bir problem i¢in iirettigim ¢6ziimii farkli problemlere genelleyebilirim. 1 2 3
Veri isleme Yeterligi
20 Verinin ne oldugunu biliyorum. 1 2 3
21 Veri toplamanin énemini anliyorum. 1 2 3
22 Verinin farkl tiirleri oldugunun (say1 ve metin) farkindayim. 1 2 3
23 Veri ve bilgi arasindaki farkl agiklayabilirim. 1 2 3
24 Problemlerin ¢6zimiinde farkl: veri tiirleri kullanilabilecegini biliyorum. 1 2 3
25 Verilerin tablo yapisinda daha anlamli sunulabildigini biliyorum. 1 2 3
26 Dijital verinin farkli bigimlere doniisebilecegini biliyorum. 1 2 3
2
;}2 Soru Metni Evet | Kismen | Hayir

Temel Programlama Yeterligi

27 Degiskenleri tanimlayip kullanabilirim. 1 2 3
28 Kosullu yapilari ve dongiileri olustururken aritmetik operatorleri kullanabilirim. 1 2 3
29 Bir dongiiyii sonlandirmak i¢in degisken ve iliskisel operatorleri kullanabilirim. 1 2 3
30 Farkli kontrol durumlart igin degisik dongiiler olusturabilirim. 1 2 3
31 Belirli islemler i¢in hazir fonksiyonlar1 kullanabilirim. 1 2 3
Ozgiiven Yeterligi

32 Yonergelerin ve islem adimlarimin 6nemini biliyorum. 1 2 3
33 Coziimleri gostermek i¢in semalar kullanabilirim. 1 2 3
34 Ayni problem igin farkli ¢oziimler iiretilebileceginin farkindayim. 1 2 3
35 Problem ¢6zme siirecinde hatalarimi nasil diizeltecegimi biliyorum. 1 2 3
36 Dijital araglar tarafindan en iyi basarilan islemlerin ne oldugunun farkindayim. 1 2 3

Olgek formu; 5 faktdre ayrilmis toplam 36 maddeden olusmaktadir. Ortaokul
diizeyinde, o6grenciler tarafindan daha rahat karar verilmesine destek olmak
amaciyla, 3’li Likert yapida desenlenmistir. Bu yap1 igerisinde; “Evet”, 1 puana,
“Kismen”, 2 puana ve “Hayir”, 3 puana karsilik gelmektedir. Olgekten almacak

toplam puan 36 ile 108 arasinda degigsmektedir.
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Ifadeler sirali olarak, kiiciikten biiyiige dogru yer aldig1 igin, toplam puan hesaplanirken, alinan
puaninin diisiik olmasi , bireyin “Bilgi Islemsel Diisiinme Becerisine Yonelik Oz Yeterlik Algist”
diizeyinin yiiksek olduguna iliskin ipuclar1 verecektir. Olgek maddeleri icerisinde, ters puanlama
gerektiren bir ifade bulunmamaktadir. O nedenle, her faktor kendi igerisinde, verilen cevaplardan
elde edilen toplam puan iizerinden degerlendirilebilmektedir. Son olarak, olgekten elde edilen
puanin sadece beceri algisina yonelik oldugu ve Bilgi islemsel diigiinme becerilerinin dlgiilebilmesi
icin , bir 6lcek formundan elde edilebilecek verilerden cok daha kapsamli verilere ulasilmasi
gerektigi unutulmalidir (Giilbahar et al., 2019).
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Computer Programming Self-Efficacy Scale

Programlamaya iliskin Oz Yeterlilik Algis1 Ol¢egi

Kendime hig

IS
=)
P
o
> 2
E| =
GC) fr
S| 2
fn ) [}
O (O]

Guvenmiyorum

Biraz

Guvenmiyorum

%50/%50

Oldukca

Guveniyorum

Genellikle

Guveniyorum

Tamamen

Guveniyorum

"Merhaba Diinya" mesajinin
goriintiilenebilecegi bir program
yazabilirim.

Ug saymnin ortalamasini
hesaplayan bir program
yazabilirim.

Verilen herhangi bir say1 dizisinin
ortalamasini hesaplayan bir
program yazabilirim.

Istenilenler acikca
tanimlandiginda bir problemin
¢cozumine yonelik oldukga
karmasik ve uzun bir program
yazabilirim

Yazacagim bir programi modiiler
bir bigcimde organize edip
tasarlayabilirim

Yazdigim uzun ve karmasik bir
programdaki tiim hatalar1
ayiklayabilir ve ¢alisabilir hale
getirebilirim.

Uzun, karmasik ve birden fazla
dosya gerektiren bir programi
kavrayabilirim.

Bir programin daha okunabilir ve
acik olmasi i¢in uzun ve karmasgik
kisimlar1 yeniden yazabilirim.

Cevrede bir siirii dikkat dagitic
olsa bile programa odaklanma
yollarin1 bulabilirim.
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Small Basic Programming Achievement Test
Kisisel Bilgiler:

Ogrenci Numarasi:

Cinsiyet:

[1 Erkek
[0 Kiz

B6lUm 1 — Printing / Yazdirma

Soru 1:

Merhaba Diinya
ress any key to continue. ..

Asagidaki kodlardan hangisi yukarida verilen ekran goriintiisiinii

yansitir?
A. TextWindow.WriteLine (“Merhaba Diinya")
yazi= TextWindow.Read()
B. TextWindow.WriteLine ("Merhaba Dunya")
C. TextWindow.Write ("Merhaba Dunya™)
D. TextWindow.ReadLine ("Merhaba Dinya™)
Soru 2:
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Suan tenefise ihtiyvacim var.
Fakat ders heniiz basladi. Press any key to continue...

Asagidaki kodlardan hangisi yukarida verilen ekran goriintiisiinii yansitir?

A. TextWindow.Write ("Suan tenefuse ihtiyacim var.")
TextWindow.WriteLine ("Fakat ders hentiz basladi. ")

B. TextWindow.Write ("Suan teneflse ihtiyacim var.")
TextWindow.Write ("Fakat ders hentiz basladi. ")

C. TextWindow.WriteLine ("Suan teneflse ihtiyacim var.")
TextWindow.Write ("Fakat ders hentiz basladi. ")

D. TextWindow.WriteLine ("Suan teneflse ihtiyacim var.")
TextWindow.WriteLine ("Fakat ders hentiz basladi. ")

Soru 3:

Bugiin hava ginesli. Press any key to continue...

Asagidaki kodlardan hangisi yukarida verilen ekran goriintiisiinii

yansitir?

A. TextWindow.BackgroundColor="yellow"
TextWindow.WriteLine ("Bugun hava gunesli. ")

B. TextWindow.Write ("Bugtn hava glnesli. ")
TextWindow.BackgroundColor="yellow"

C. TextWindow.WriteLine ("Bugn hava gunesli. ™)
TextWindow.ForegroundColor="yellow"

D. TextWindow.ForegroundColor="yellow"
TextWindow.Write ("Bugtn hava gunesli. ")

Soru 4:
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ilen ilginc bilgil
Su samurlari el ele tutusar

Insan DNA's1 %50 oraninda muz
Rusya, Pluto'dan daha biiyiik bir yiizélciimiine sahiptir.

Yukaridaki goriintii i¢in asagida verilen kod yazilmistir. Bosluk birakilan yerlere

asagidaki kodlardan hangisi gelmelidir?

TextWindow, (”AsaEida verilen ilging bilgileri daha énce duymus muydunuz?")

TextWindow, ="cyan"
TextWindow] (" Susamurlari el ele tutusarak uyuyorlar.")

v F'magenta”

Texthndow|—|(” Leonardo Da Vinci avni anda bir. elivle yazi vazip diger elivle resim yapabilivordu.")
TextWindow[ — I="yellow"

TextWindow] (" Insan DNA'si %50 oraninda muz DNA'si ile aynidir."

—— —TFwhite'

v 1(" Rusya, Pluto'dan daha biiyik bir ylizolcimiine sahiptir.")

T tWind wj:|- red"

m,]:|(” Ahtapotlarin ig tane kalbi vardir.")

Texthdow]:l 'gray"

A. ForegroundColor
Write

B. BackgroundColor
Write

C. BackgroundColor
WriteLine

D. ForegroundColor
WriteLine
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Bolum 2: Variables and User Input/ Degiskenler ve Kullanici Girisi

Soru 5:

Latfen dogum tarihinizi giriniz:
2008

Suanki wyasiniz: 1@

Press any key to continue...

Asagidaki kodlardan hangisi degisken kullanarak yukarida verilen

ekran goriintiisiinii yansitir?

A. TextWindow.WriteLine("Lutfen dogum tarihinizi giriniz: ")
tarih = TextWindow.Read()
yas = 2018 - tarih
TextWindow.WriteLine("Suanki yasiniz: " + yas)
B. TextWindow.WriteLine("Lutfen dogum tarihinizi giriniz: ")
TextWindow.WriteLine("2018")
TextWindow.WriteLine("Suanki yasiniz: 10")

C. TextWindow.Read("Lutfen dogum tarihinizi giriniz: ")
TextWindow.Read("2018")
TextWindow.Read("Suanki yasiniz: 10")

D. TextWindow.WriteLine("Lutfen dogum tarihinizi giriniz: ™)
tarih = TextWindow.Read()
TextWindow.WriteLine("Suanki yasiniz: " + 2018-tarih)
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Soru 6:

Hangi takimi tut
iyon Real !
Press any key to continue...

1)
2)
1)
2)
1)
2)
1)
2)

Solda verilen ekran gorintisunun kodu
yukaridaki gibidir. 1 ve 2 numarali
bosluklara asagidaki kodlardan hangisi

gelmelidir?

takim = TextWindow.Write()
+takim+ "I

takim = TextWindow.Read()
+takim+ "I

takim = TextWindow.Read()
+takim

takim = TextWindow.Write()
+takim

.................................. programlama dilinde bilgisayarin hafizasinda

tutmasi icin kullanilacak verilere yapilan tammmlamadr.

Yukarida verilen tanimlama asagidaki seceneklerden hangisine aittir?

A.

B.

Algoritma (Algorithm)

Degisken (Variable)

Yazilim (Software)

Kod (Code)
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Soru 8:

Liitfen isminizi yaziniz: Gabriel
Litfen en sevdiginiz yemegi yaziniz: Makarna

Yukaridaki ekran goriintiisiinii elde edebilmek i¢in agsagida verilen kodlar
kullanilmigstir. Karisik olarak verilen kodlar ekrandaki goriintiiyii elde edebilmek

icin seceneklerden hangisinde dogru siraya gore yazilmistir.

|

I

Il

WY

v

vi

vil

vl
A. IV—-1-ViH-VI-V-I1l-VII -1
B. m—-1v-vi-vii-1n-v-1-Vvil
C. m—-1v-vini-1n-1-vi-vi-v
D. VI-V-Il-IV-VII-1l-1-VII
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Bolim 3 — If Statements / Kosul

Soru 9:

Sifirdan farkli olarak girilen bir sayinin pozitif mi negative mi oldugunu bulmak

icin agagidaki komutlardan hangisini kullanmamiz gerekmektedir?
A. For Dongusu
B. If-Else
C.  While Déngusu

D. Highbiri

Soru 10:

Bulundugun ortam kac derece sicakliktadir
Ortam wasanilabilir sicakliktadair.
Press any key to continue...

Yukarida verilen ekran goriintiisiiniin kodlamas1 asagidaki gibi yapilmaistir.
Programin dogru calisabilmesi i¢in iki satirin yer degistirmesi gerekmektedir. Bu

satirlar agagidaki seceneklerden hangisidir?
I TextWindow.Write("Bulundugun ortam kag derece sicakliktadir : ")
Il derece = TextWindow.Read()

Il

IV TextWindow.WriteLine ("Ortam yagcanilabilir sicakliktadir. ")
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V  If derece >=20 And derece <=26 then

VI  TextWindow.WriteLine ("Isiy1 20 ve 26 derece arasinda tutmaniz

gerekmektedir.")

VIl EndlIf
A. " -v
B. IV - VI
C. -1l
D. - Vil
Soru 11:

Merhaba Merve, Pazar

gund icin harika
fikirlerim var. Bitiin .
arkadaslar bir araya Merhaba Javi,

gelip eglenebiliriz. harika! Onerilerin

neler? »
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Pazar giinii arkadaslari ile vakit gecirmek isteyen Javi arkadasi Merve’den hava
durumunu control etmesini ister. Javi Merve’ye ii¢ segenek sunmaktadir. Eger
hava

e (iinesli ise piknige,

e Yagmurlu ise Bowling’e

e Kapali fakat yagis yok ise spora
Gidebileceklerini sdyler.

Yukarida verilen olayin kodlanmasinda kag tane if kosulu kullanilmal1?

Not: Yanlis girilen rakam i¢in de hata mesaj1 vermeniz gerekmektedir.

A. 1
B. 2
C. 3
D. 4
Soru 12:

Girdigimiz sinav notuna gore bize mesaj vermesini istedigimiz bir program
yazmak istiyoruz. Notlara gore verilecek olan mesajlarin kosullar: asagidaki

gibidir;

e [Eger girilen not 85-100 arasinda ise (85 ve 100 dahil) program
“Tebrikler! Bu sekilde ilerlemeye devam etmelisin.” mesajini,

e Eger girilen not 70-84 arasinda ise (70 ve 84 dahil) program “Biraz daha
gayretle iyi sonuclar alacagindan eminim.” mesajini,

e [Eger girilen not 55-69 arasinda ise (55 ve 69 dahil) program “Daha fazla
calisman gerekmektedir.” mesajini,
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e Eger girilen not 54’ten Kiiciik (54 dahil) program “Disiplinli ¢alisirsan
cok daha iyi sonuclar alacagina inaniyorum.” Mesajini vermeil.

Yukarida verilen sorunun programlamasi asagidaki gibidir.

TextWindow.Write("'Litfen matematik 1. sinav notunuzu giriniz: ")
not = TextWindow.Read()
If not >=85 And not<=100 then
TextWindow.WriteLine ("Tebrikler! Bu sekilde ilerlemeye devam etmelisin.")
Elself not >=70 And not<=84 then

TextWindow.WriteLine ("Biraz daha gayretle iyi sonuclar alacagindan

eminim.")
Elself not >=55 And not<=69 then

TextWindow.WriteLine ("Daha fazla calisman gerekmektedir. ")

Else

TextWindow.WriteLine ("Disiplinli calisirsan cok daha iyi sonuclar alacagina

inaniyorum.")
EndIf

Programimizin 0’dan kiiciik ve 100’den biiyiik girilen not i¢in “Liitfen gegerli bir
not giriniz.” Mesajin1 vermesini istiyoruz. Bunun i¢in kirmizi kutu i¢ine alinmis
olan boliim asagidkai segeneklerden hangisi ile degistirilirse programimiz

istedigimiz mesaj1 verir?
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I not>=0 and not<=54

TextWindow.WriteLine ("Disiplinli calisirsan cok daha iyi sonuclar alacagina

inaniyorum.")
Else
TextWindow.WriteLine ("Lutfen gecerli bir not giriniz.")
EndIf
If not<=54

TextWindow.WriteLine ("Disiplinli calisirsan cok daha iyi sonuclar alacagina

inaniyorum.")
Else
TextWindow.WriteLine ("Lutfen gecerli bir not giriniz.")
EndIf

Else

TextWindow.WriteLine ("Disiplinli calisirsan ¢cok daha iyi sonuclar alacagina

inaniyorum.")

TextWindow.WriteLine ("Lutfen gecerli bir not giriniz.")
EndIf

Elself not>=0 and not<=54

TextWindow.WriteLine ("Disiplinli calisirsan ¢cok daha iyi sonuclar alacagina

inaniyorum.")
Else
TextWindow.WriteLine ("Lutfen gecerli bir not giriniz.")

EndIf
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B6lum 4 — For Loop / For Dongusu

Soru 13:

Yanda verilen ekran géruntusuni
almak icin 12 kere
TextWindow.WriteLine("ODTU")
kodunun yazilmasi gerekmektedir.
Asagida verilen program kodlarindan

hangisi ile ayn1 sonucu alabiliriz?

Press any key to continue...

TextWindow.WriteLine("ODTU")

B. yazi = "ODTU"

TextWindow.WriteLine(yazi)
C. i="0ODTU"
i =

TextWindow.WriteLine(i)

D. i=
TextWindow.WriteLine("ODTU")
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Soru 14:

TextWindow.ForegroundColor = "yellow

{a¢ kere mutluyum yazayim :) TextWindowWriteLine ("Kac kere - Mutluyum! - yazayim :)")
| 1 |
\ 2 |
. | 3 |
O Ccontinue...
TextWindow.ForegroundColor = "cyan
TextWindow.WriteLine ("Mutluyum!")
EndFor
. Else
- yazayim :) TextWindow.ForegroundColor = "magenta
TextWindow.WriteLine ("Litfen sifirdan bayiik bir rakam giriniz.”)
Endif

Yukarida verilen 6rnekte kullanicinin girdigi say1 kadar ekrara
“Mutluyum!” mesaji gelmektedir. Eger kullanicr sifirdan kiigiik bir
rakam girerse, program “Liitfen sifirdan biiyiik bir rakam giriniz.”

mesajini vermektedir.

Programimizin dogru ¢aligmasi i¢in yukarida eksik verilen 1 - 2 ve 3

numaral kutulara asagidaki komutlardan hangisi yazilmali

A. 1- istek= TextWindow.Readnumber()
2- Fori=1To istek
3- If (istek >=1) Then
B. 1- Fori=1To istek
2- istek= TextWindow.Readnumber()
3- If (istek >=1) Then
C. 1- If (istek >=1) Then
2- Fori=1To istek
3- istek= TextWindow.Readnumber()
D. 1- istek= TextWindow.Read()
2- If (istek >=1) Then
3- Fori=1Toistek
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Soru 15:

Asagida verilen kodlardan hangisi ile yukarida verilen ekran goriintiisiinii elde

1 ile 1@ arasinda bulunan tek sayilarin 5 ile carpimi:

ey to continue. ..

edebiliriz?

Not: Step komutu rakamlar arasi istediginiz araliklarla artirma/azaltma

yapabilmenizi saglar. Ornegin rakamlarda 5’er 5’er artis olmasini istiyorsaniz

Step 5 komutunu kullanmaniz gerekmektedir.

A

TextWindow.WriteLine("1 ile 10 arasinda bulunan tek sayilarin 5 ile
carpimi:")

i=1to 10 2
TextWindow.WriteLine(i + " x " +sayi + " =" + i * sayi)

TextWindow.WriteLine("1 ile 10 arasinda bulunan tek sayilarin 5 ile
carpimi:")
sayi =5
i=1to10 2
TextWindow.WriteLine(i + " x " +sayi + " =" + i * sayi)

TextWindow.WriteLine("1 ile 10 arasinda bulunan tek sayilarin 5 ile
carpimi:")

sayi =5
i=1t010 5
TextWindow.WriteLine(i + " x " +sayi + " =" + i * sayi)

TextWindow.WriteLine("1 ile 10 arasinda bulunan tek sayilarin 5 ile
carpimi:")

sayi =5
i=1t010
TextWindow.WriteLine(i + " x " +sayi + " =" + i * sayi)
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Soru 16:

TextWindow.WriteLine(i)

Asagida verilen kod asagidaki ekran goriintiilerinden hangisini verir?

[+

to continue...

w o

@ - M

-

any key to continue...

Press any key to continue...

Press any key to continue...
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Bolum 4 — While Loop / While Dongust

Soru 17:

sayi = 100

While (sayi>1)
TextWindow.WriteLine(sayi)
sayi=sayi/2

Endwhile

Yukarida verilen programin yorumlamasi asagidakilerden hangisidir?

A.  Program 100’1 bulana kadar dongiiden gelen rakami ikiye boliip

yazdirir.

B.  Program dongiiden gelen her rakami ikiye boler ve sonsuza kadar

devam eder.

C.  Program Say1 1’e ulasincaya kadar 100’den baglayarak dongiiden gelen

rakami ikiye boliip yazdiririr.

D.  Program Say1 1’den biiyiik oldugu siirece 100’den baslayarak

dongiliden gelen rakami ikiye boliip yazdiririr.
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Soru 18:

6 isleminin

6 isleminin sonucu . I o
Solda verilen ekran géruntustnde

leminin sonu

program belli bir kosula ulagana

kadar tekrar ediyor. Bu kosula gore
programin kodlar1 asagidakilerden

hangisidir?

A For cevap>131t00
TextWindow.ForegroundColor = "yellow"
TextWindow.Write(" 7 + 6 isleminin sonucu kagtir? ")
cevap = TextWindow.ReadNumber()
IT (cevap = 13) Then
TextWindow.ForegroundColor = "green”
TextWindow.WriteLine("Dogru Cevap!")
Else
TextWindow.ForegroundColor = "red"
TextWindow.WriteLine("Tekrar denemen gerekiyor.")
EndIf
EndFor

B. Forcevap>131t00

TextWindow.ForegroundColor = "yellow"

TextWindow.Write(" 7 + 6 ipleminin sonucu kactyr? ")

cevap = TextWindow.ReadNumber()
TextWindow.ForegroundColor = "green”
TextWindow.WriteLine("Dodru Cevap!")
TextWindow.ForegroundColor = "red"
TextWindow.WriteLine("Tekrar denemen gerekiyor.™)

EndFor

C. While (cevap <> 13)
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D.

TextWindow.ForegroundColor = "yellow"
TextWindow.Write(" 7 + 6 ipleminin sonucu kactyr? )
cevap = TextWindow.ReadNumber()
IT (cevap = 13) Then
TextWindow.ForegroundColor = "green”
TextWindow.WriteLine("Dodru Cevap!™)
Else
TextWindow.ForegroundColor = "red"
TextWindow.WriteLine("Tekrar denemen gerekiyor.™)
EndIf
EndWhile

While (cevap <> 13)
TextWindow.ForegroundColor = "yellow"
TextWindow.Write(" 7 + 6 ipleminin sonucu kactyr? ™)
cevap = TextWindow.ReadNumber()
TextWindow.ForegroundColor = "green”
TextWindow.WriteLine("Dodru Cevap!")
TextWindow.ForegroundColor = "red"
TextWindow.WriteLine("Tekrar denemen gerekiyor.")
EndWhile
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Soru 19:

Enerji seviyen:
Enerji se 1H
Enerji se 1
Enerji se

kosmaya devam edeblirsin.
kosmaya devam edeblirsin
kosmaya devam edeblirsin
kosmaya devam edeblirsin.
kosmaya devam edeblirsin.
kosmaya devam edeblirsin.

Enerji seviyen:
Enerji sewviy
Enerji 1H
Enerjin bittigi icin artik kosmamalisin.
Press any key to continue...

@O R W B

Yukarida verilen ekran goriintiisiiniin programlamasi asagida karisik bir sekilde

verilmistir. Hangi sira ile yazilirsa programin ¢iktis1 yukaridaki gibi olur?

I TextWindow.ForegroundColor ="white"
TextWindow.WriteLine("Enerji seviyen: " +enerji + " kosmaya devam
edeblirsin.")

I enerji=enerji-1

[l Ifenerji>0 Then

IV enerji = TextWindow.Read()
enerji = enerji+1

\Y \While enerji >0

VI  TextWindow.ForegroundColor ="magenta”
TextWindow.WriteLine("Liitfen baslangi¢ enerji seviyenizi giriniz: ")

VIl EndlIf

VIl EndWhile

IX  Else

X TextWindow.ForegroundColor ="yellow"
TextWindow.WriteLine ("Enerji seviyen: " +enerji)
TextWindow.WriteLine("Enerjin bittigi i¢in artik kosmamalisin.")

VI-IV-V-I-11-1-1X-X-VII-VIII
-IV-1HT-1-X-X1-VIH-VHI-VI-II
XI-VH-1-1-VI-H-VHI-1-X-1V
VI-IV-V-II-111-1-X-XI-VII-VIII

O 0w >
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Soru 20:

TextWindowWriteLine("Liitfen bir rakam giriniz: ")
rakam = TextWindow.Read()
rakam = rakam * 10
| ?
TextWindow.Writeline(rakam)
rakam = rakam / 5
EndWhile

Yukarida verilen programda girilen rakamin 6nce 10 ile ¢arpimi
hesaplanmaktadir. Sonrasinda ise dongiiden alinan sayinin ekrana rakam 1’den
kiiciik oluncaya kadar 5’e boliinerek yazdirilmasi istenmektedir. Programin
dogru calismasi icin soru isaretli boliime asagidaki segeneklerden hangisi

gelmeli?

A. While (rakam < 1)
B. While (rakam < 0)
C. While (rakam > 1)

D. While (rakam > 0)
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Interview Protocol for Students

1. Cinsiyetiniz

a) Kiz
b) Erkek

2. YASINIZ: .ooeeevieeireeeiieeeeee e
3. OKUIUNUZ: oo,
A, SINIINIZ: oo

5. Daha 6nce herhangi bir programlama dili kullandin m1? Evet ise hangileri

oldugunu sdyleyebilir misin?
6. Small Basic programi ile ilgili goriiglerini alabilir miyim?

a) Negatif yonleri:
b) Pozitif yonleri:

7. Small Basic programini 6grenirken seni en ¢ok hangi boliim/béliimler zorladi?

8. Small Basic programini 6grenirken, 6grenmende yardime1 olan unsur/unsurlar

nelerdi?

9. Small Basic programi 6grenimi ile ilgili belirtmek istedigin bir sey var m1?

Sorularim bitti. Sizin sormak istediginiz bir sey yoksa gorligmeyi bitirebiliriz.

Goriismeye katildiginiz ve goriislerinizi benimle paylastiginiz i¢in tesekkiir ederim.
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Interview Protocol for Teachers

[k basta sizi tanimak istiyorum.

€) Ne kadar siiredir bu okulda ¢aligiyorsunuz?
d) Ne kadar siredir bilgisayar derslerine giriyorsunuz?
e) Daha 6nce herhangi bir programlama dilini cocuklara dgrettiniz mi?

(Evet ise)

I.  Hangi programlama dillerini 6gretiyorsunuz?
ii.  Programlama dillini kullanma amaglariniz neler?
iii.  Programlama dillerini 6gretirken zorluk yasiyormusunuz?
Evet ise bu zorluklar neler?

2. Matematik dersi ile igbirligi yapmak ogrencilerin programlamaya yonelik
motivasyonuna etkiledi mi?

a) Etkiledigi diistinliyorsaniz nedenlerini agiklayabilir misiniz?

b) Etkilemedigini diisiiniiyorsaniz nedenlerini agiklayabilir misiniz?
3. Matematik isbirligi ve klasik yontem ile anlatilan dersleri kiyaslayarak asagidaki

sorularii yanitlayabilir misiniz?

C) Matematik ile anlatilan dersin artilari nelerdi?

d) Matematik ile anlatilan dersin eksileri nelerdi?

e) Klasik yontem ile anlatilan dersin artilari nelerdi?

f) Klasik yontem ile anlatilan dersin eksileri nelerdi?

g) Gelecekte hangi yontem ile anlatmay1 tercih edersiniz? Neden?

4. Bu dersi yaklagik 6 hafta 12 saat olarak uygulanan bu derste gordiigiiniiz
eksiklikler nelerdi?

5. Tasarlanan ders planlarinda olmas1 gerektigini diisiindiigliniiz 6nerilerinizi

paylasabilir misiniz?

6. Matematigin disiplinler aras1 ig birligi ile kullanilarak programlama 6gretiminde

yer almas1 hakkindaki goriis ve Onerileriniz nelerdir?

Sorularim bitti. Sizin sormak istediginiz bir sey yoksa gorligmeyi bitirebiliriz.
Gorlismeye katildiginiz ve goriislerinizi benimle paylastiginiz i¢in tesekkiir ederim.
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F. Teachers’ Effect

Results for MAS:

Within Group Comparisons

Table F.1 Paired Samples t-Tests (by Teachers)

Pair N M SD t df p
Teacher 1: Experimental group (Pretest) 46 3.07 032 4238 45 .00**
Teacher 1: Experimental group (Posttest) 46 283 0.18
Teacher 2: Experimental group (Pretest) 48 299 022 2472 47 @ .02*
Teacher 2: Experimental group (Posttest) 48 2.9 0.15
Teacher 1: Control group (Pretest) 47 288 019 -099 46 .33
Teacher 1: Control group (Posttest) 47 291 0.3
Teacher 2: Control group (Pretest) 47 289 029 2313 46 .03*
Teacher 2: Control group (Posttest) 47 276 0.16

Between Group Comparisons

Table F.2 Independent Sample t-Tests (by Teachers)
Measurement Pair N M SD t df p
Mathematics Teacher 1 93 297 028 043 184 .67
Attitude Scale
(Pretest) Teacher 2 93 296 0.23
Mathematics Teacher 1 92 287 016 156 184 .12
Attitude Scale
(Posttest) Teacher 2 94 284 017
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Covariance Analysis

Table F.3 Covariance Analysis of Mathematics Attitude Scale Pretest—Posttest

Scores (Students of Teacher 1, Teacher 2)

Source SS df MS F p Np?
MAS Pre-Test 0.007 1 0.007 0.281 596 .002
Teacher 0.081 1 0.081 3.156 077 017
Error 4.668 181 0.026

2 R Squared = .019 (Adjusted R Squared =.008)
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Figure F.1. Effect of Pretest Scores and Teachers’ Attitude on Mathematics
Attitude Scale Posttest Scores

Results for CTSSES:

Within Group Comparisons
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Table F.4. Paired Samples t-Tests (by Teachers)

Pair N M SD t df p
Teacher 1: Experimental group (Pretest) 42 4381 10.85 -8.488 41 .00**
Teacher 1: Experimental group (Posttest) 42 61.79 6.03

Teacher 2: Experimental group (Pretest) 48 37.14 1580 -9.447 47 .00**
Teacher 2: Experimental group (Posttest) 48 59.85 7.37

Teacher 1: Control group (Pretest) 47 449 1714 0.069 46 .95
Teacher 1: Control group (Posttest) 47 4466 13.40

Teacher 2: Control group (Pretest) 47 4424 1521 095 46 .35
Teacher 2: Control group (Posttest) 47 4196 13.62

Covariance Analysis

Table F.5. Covariance Analysis of Computational Thinking Skills Self-Efficacy
Scale Pretest-Posttest Scores (Students of Teacher 1 & Teacher 2)

Source SS df MS F p Np?
CTSSES Pre-Test 173.929 1 173.929 905 343  .005
Teacher 177.777 1 177.777 925 337  .005
Error 34,769.127 181 192.095

& R Squared = .009 (Adjusted R Squared =-.002)
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Measurement

Figure F.2. Effect of Pretest Scores and Teachers’ Attitude on Computational
Thinking Skills Self-Efficacy Scale Posttest Scores

Results for CPSES:

Within Group Comparisons

Table F.6 Paired Sample t-Tests (by Teachers)

Pair N M SD t df p

Teacher 1: Experimental group (Pretest) 44 6.13 233 -11.93 43 .00**

Teacher 1: Experimental group 11.00 1.40
(Posttest) 44

Teacher 2: Experimental group (Pretest) 46 591 238 -13.86 45 .00**

Teacher 2: Experimental group 11.68 1.36

(Posttest) 46

Teacher 1: Control group (Pretest) 45 8.93 299 249 44 02*
Teacher 1: Control group (Posttest) 45 763 184
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Teacher 2: Control group (Pretest) 47 733 277 -175 46 .09
Teacher 2: Control group (Posttest) 47 812 234
Between Group Comparisons
Table F.7 Independent Sample t-Tests (by Teachers)
Scale (Test) Group N M SD t df p
CPSES-PreTest Teacher 1 93 764 301 255 186  .02*
Teacher 2 95 6.58 267
CPSES-PostTest Teacher 1 89 930 235 -1.58 180 .11
Teacher 2 93 9.88 261

Covariance Analysis

Table F.8 Covariance Analysis of Computer Programming Self-Efficacy Scale
Pretest—Posttest Scores (Students of Teacher 1 & Teacher 2)

Source SS df MS F p Np?
CPSES Pre-Test 44.785 1 44.785 7.492  .007**  .040
Teacher 7.916 1 7.916 1324 251 .007
Error 1,070.051 179 5.978

2 R Squared = .053 (Adjusted R Squared =.043)
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Figure F.3 Effect of Pretest Scores and Teachers’ Attitude on Computer

Programming Self-Efficacy Scale Posttest Scores

Results for SBPAT

Within Group Comparisons

Table F.9 Paired Samples t-Tests (by Teachers)

Test /Dimension M SD t df p
Pair (Group) N
Teacher 1: Experimental group (Pretest) 45 84.67  9.20 0.927 44 .36
Pair 1 Teacher 1: Experimental group 45 8356 9.5
(Posttest)
Teacher 2: Experimental group (Pretest) 45 83.33 11.87 -0.368 44 72
Teacher 2: Experimental group 45 83.89 11.07
Pair 2 (Posttest)
pair 3 Teacher 1: Control group (Pretest) 47 69.04 1513 4433 46 .00**
Teacher 1: Control group (Posttest) 47 5957 17.06
pair4 Teacher 2: Control group (Pretest) 47 6723 1838  2.834 46 .00**
Teacher 2: Control group (Posttest) 47 61.38 19.47

Between Group Comparisons
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Table F.10 Independent Samples t-Tests (by Teachers)

Scale Group N M SD

t df p

Teacherl 93 7.64 3.01 0.66 182 51

SBPAT (Pretest)
Teacher2 95 6.58 2.67

SBPAT (Posttest) Teacher1 89 930 235 -040 182 .70

Teacher2 93 988 261

Covariance Analysis

Table F.11 Covariance Analysis of Computer Programming Self-Efficacy Scale

Pretest and Posttest Scores (Students of Teacher 1 & Teacher 2)

Source SS df MS F p Mo
CPSES Pre-Test  36,733.543 1 36,733.543 235.073  .000** 565
Teacher 280.433 1 280.433 1.795 .182 .010
Error 28,283.848 181 156.264

2 R Squared = .565 (Adjusted R Squared = .561)
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Figure F.4 Effect of Pretest Scores and Teachers’ Attitude on Small Basic
Programming Achievement Test’s Posttest Scores
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G. Permissions

Permission of METU -Ethical Committee
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Permission of Ministry of National Education

| Genel Midiirliginiin 2017/25 no

02.2019 tarihli ve 14588481-60:

~ Teknik Universitesi Doktora Ogrencisi Ritkiye ALTIN' n "Ortaokul
programlama 6greniminin bilgisayarca diisiinme becerilerine etkisi: Bir
isbirligi cahsmasi" konulu tez galimas kapsaminda uygulama yapma
Egitim Miidiirligii Aragtirma Komisyonunca incelenmis olup, okulunuzda
N yapilmas: ile ilgili 11 Milli Egitim Mudirlagtnin ilgi (b) yazisi iligikte

a formunun (20 sayfa) uygulama yapilacak sayida arastirmaci tarafindan
aragtirmanin ilgi(a) Genelge gercevesinde, okul miidirlerinin sorumlulugunda
kurum ydneticilerinin de uygun gordiigi takdirde goniillilik esasina gére yazimiz
nderilen miihiirlii uygulama araglarinin uygulanmasina izin verilmesini rica ederim.

Hasan Hiiseyin OZIPEK
Miidiir a.
Sube Miidiirii
Ek :
1-Uygulama formu (20 sayfa)
2-ligi(b) yaz: (1 sayfa)
Aynnih bilgi igin: SIBEL A. YILDIRIM VHKI

Namik Kemal Mah. Kumrular Cad. No:7/C Kizilay/ANKARA Tel: (0312) 4186875/139
gwmﬁm. vir Faks: (0312) 4192784-85

EEPC IO ey
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ORTA DOGU TEKNIiK UNIVERSITESINE

25/12/2018

BASVURU NO

20181225553926547

UNIVERSITE ADI

ORTA DOGU TEKNIK UNIVERSITESI

ENSTITU ADI Fen Bilimleri Enstitisti / Bilgisayar ve
Ogretim Teknolojileri Egitimi

BOLUM ADI

UNVAN Ogrenci

TC KiMLiK NUMARASI 35071917148

KONU Impact of Learning Programming on
Computational Thinking Skills for
Secondary School Students: An
Interdisciplinary Collaboration

ARASTIRMA TURU Doktora Tezi

ORNEKLEM GRUBU Ogrenci,

KAPSAMI Okul/Kurum,

ILLER ANKARA

KURUM TURLERI Ozel Ortaokul,

iLETiSiM BiLGiLERi

Adres:Universiteler Mahallesi, Dumlupinar
Bulvari No:1, 06800 ODTU
Cankaya/Ankara- Telefon:(530) 315-9665-
Eposta:altin.rukiye@metu.edu.tr

Yukarida bilgileri bulunan proje uygulamari icin Milli Egitim Bakanhdindan gerekli
izinlerin alinmasi hususunda geregini bilgilerinize arz ederim.

Ek listesi

Tez Onerisi
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Veli Onam Formu _ imza
Veri toplama araclari RUKIYE ALTIN
Ogrenci

Dilekge ve eklerinin Ust yazi ile ANKARA VALILIGI iL MiLLi EGITIM MUDURLUGUNE
ulastirilmasi gerekmektedir.

258



Consent Forms

Parent Information and Consent Form for Students

Sayin Veli,

Bu ¢alisma ODTU - Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii 6gretim
tiyelerinden Yrd. Dog. Dr. S. Tugba TOKEL danismanliginda, doktora dgrencisi
Riikiye ALTIN tarafindan yiiriitiilmektedir. Bu dokiiman Bilisim Teknolojileri ve
Yazilim dersinde yapilmasi planlanan arastirma konusu ve uygulamasi hakkinda
sizleri bilgilendirmek i¢in hazirlanmistir. Calismanin amaci 6grencilere daha etkin
bir bicimde programlamay1 Ogretmek, programlamayr Ogretirken Ogrencilerin
bilgisayarca diisiinme becerilerine (computational thinking skills) katkida

bulunmaktir.

Bu ylizden bu ¢alisma iki alana odaklanmaktadir. Oncelikle, bu calisma geleneksel
ve disiplinler arasi 6gretim yontemleri ile 6gretilen programlamanin 6grencilerin
programlama becerileri {izerindeki etkisine odaklanmaktadir. Ikinci olarak, ¢alisma
disiplinler aras1 yaklasim ve geleneksel Ogrenme metotlar1 ile Ogretilen
programlamanin, Ogrencilerin biligsel diisiinme becerileri iizerine olan etkisini

kapsamaktadir.

Small Basic programlama dili miifredat kapsaminda olup, 6grencilerimize her yil
Ogrettigimiz bir konu. Bu aragtirmada da miifredat disina ¢ikilmadan Small Basic ile
programlama konusu ele alinacaktir. Arastirmanin birinci agamasinda deneysel ve
kontrol gruplar1 olusturulacak. Deneysel gruba matematik isbirligi ile Small Basic
programi anlatilirken, kontrol grubuna klasik programlama anlatim yondemi ile
Small Basic programi dgretilecek. Her iki gruba da Bilisim Teknolojileri ve Yazilim
dersi kazanimlar1 ayni verilirken, deneysel gruba buna ek olarak matematik
kazanimlar1 dahil edilecek. Arastirmanin ikinci boliimiinde ¢ikan farka gdére hangi
yontem ile programla anlatiminin 6grencilerin anlama acicindan daha kolay oldugu,
biligsel diisiinme becerilerine katkist ve programlama yeteneklerine olan etkisi
tartisilacak.
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Bu ¢alisma hakkinda daha fazla bilgi almak, her tiirlii soru ve/veya yorumlariniz igin

Rikiye ALTIN . altin.rukiye@metu.edu.tr e-posta adresinden iletisime

gecebilirsiniz.

Liitfen bu arastirmaya katilmak konusundaki tercihinizi asagidaki seceneklerden size

en uygun gelenin altina imzaniz1 atarak belirtiniz.

A) Velisi bulunduum ..o ‘nin  bu arastirmaya
katilime1 olmasina izin veriyorum. Cocugumun galismay1 istedigi zaman yarida
kesip birakabilecegini biliyorum ve verdigi bilgilerin bilimsel amagli olarak

kullanilmasini kabul ediyorum.

Velinin Adi-Soyadi ........ccooeeveniincncnnnne

B) Velisi bulundugum .......ccocoiieiiiiiiee, ‘nin  bu ¢alismaya

katilmasini kabul etmiyorum ve katilimer olmasina izin vermiyorum.

Velinin Adi-Soyadi ........ccoceeveriininncnnnne
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H. Post-Research Information Form

Arastirma Sonrasi Bilgilendirme Formu

Oncelikle arastimamiza katildigimz igin tesekkiir ederiz. Katildiginiz aragtirmanin
amaci 0grencilere daha etkin ve etkili bir sekilde programlamay1 6gretebilmek i¢in
klasik yontem ve disiplinlier arasi isbirligi yaklagimini karsilagtirmaktir. Literatlre
gore programlama Ogretimi ve 08renimi, diger derslerle bagdastirildiginda daha
kolay olmaktadir. Bu yiizden bu calisma geleneksel ve disiplinler arasi 0gretim
yontemleri ile Ogretilen programlamanin Ogrencilerin programlama becerileri
lizerindeki etkisine odaklanmaktadir. Ikinci olarak, calisma disiplinler aras1 yaklasim
ve geleneksel 6grenme metotlar ile 6gretilen programlamanin, 6grencilerin bilissel

diistinme becerileri lizerine olan etkisini kapsamaktadir.

Arastirmanin birinci asamasinda deneysel ve kontrol gruplari olusturuldu. Her iki
gruba da Matematik Tutum Olgegi, Bilgi islemsel Diisiinmeye Yonelik Oz Yeterlilik
Algis1 Olgegi ve Programlamaya Iliskin Oz Yeterlilik Algis1 Olgegi on test olarak
uygulanmistir. Uygulama sonrasinda, algoritma ve Small Basic kullanimlari yine her
iki gruba ayni ders plani ile anlatilmisir. Derslerin devaminda ise deneysel gruba
matematik ig birligi ile programlama anlatilirken, kontrol gruba klasik yontem ile
programlama anlatilmigtir. Her iki gruba da Bilisim Teknolojileri ve Yazilim
kazanimlar1 ayn1 verilirken, deneysel gruba buna ek olarak matematik kazanimlari

eklenmistir.

Ders anlatimlarinin sonunda iki gruba 6n test olarak uygulanan Matematik Tutum,
Bilgi islemsel Diisiinmeye Yénelik Oz Yeterlilik Algist ve Programlamaya Iliskin
Oz Yeterlilik Algis1 dlgekleri son test olarak uygulanmustir. Bunun yani sira Small
Basic Kazanim testi iki gruba da uygulanip, hangi grup kazanimlar1 daha iyi 6grendi
kiyaslamasi yapilmistir. Son rasgele secilen dgrenci ve dersi anlatan 6gretmenlerle

degerlendirme i¢in gériisme yapilip, sorular yonlendirilmistir.

Eger arastirmayla ilgili sorularimiz varsa Riikiye ALTIN’a altin.rukiye@metu.edu.tr

e-posta adresinden iletisime gecerek sorabilirsiniz.
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