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ABSTRACT

THE INFLUENCE OF PAIR-PROGRAMMING TECHNIQUE ON
SECONDARY SCHOOL STUDENTS’ CONFIDENCE AND ACHIEVEMENT
IN COMPUTER PROGRAMMING

Karaoglu, Habibe
M.S., Department of Computer Education and Instructional Technology
Supervisor: Assist. Prof. Dr. Giilfidan Can

March 2018, 167 pages

The aim of this case study is to explore the possible influences of Pair-Programming
Technique on Secondary School students’ confidence and achievement in computer
programming. Within an 8-week implementation with 35 students in 5™ grade, the
students were divided into Individual and Pair-Programmers. The number of pair
students was 22 and there were 13 individual students in the study. Both qualitative
and quantitative data were collected in the study. The main data sources were
interviews, students’ ratings on a confidence scale, and their achievement scores
based on rubrics. The qualitative data were collected through interviews with 20
students who were either in pair and individual programming groups. The
quantitative data were collected through confidence scale and achievement rubrics
from the 35 students. Content analysis, descriptive statistics, and Independent

Samples t-Test were conducted to analyze the data.

The result of the study revealed that Pair-Programming technique was found to be
effective for improving students’ confidence and achievement in computer
programming. Pair-programming Technique was useful for students in terms of

solving complex programming problems by helping each other, sharing knowledge



and correcting mistakes. Moreover, the motivation, task completion time, quality of
products and learning was revealed as positive factors of Pair-Programming
Technique. Although negative issues also emerged during the implementation such
as disagreements among pairs, the positive effects overweighed. As programming is
one of the key skills necessary for the future of students with the changing needs of
information society, this study contributes to the literature and practice by suggesting

Pair-Programming Technique as an effective method.

Keywords: Pair Programming, Computer Programming, Coding, Confidence,
Achievement, Secondary School Students, Computer Education
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0z

BiLGiSAYAR PROGRAMLAMADA ESLi PROGRAMLAMA TEKNIiGINiN
ORTAOKUL OGRENCILERININ OZGUVEN VE BASARISINA ETKIiSi

Karaoglu, Habibe
Yiiksek Lisans, Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii

Tez Yoneticisi: Dr. Ogr. Uyesi Giilfidan Can

Mart 2018, 167 sayfa

Bu durum c¢alismasinin amaci esli programlama tekniginin ortaokul grencilerinin
basar1 ve Ozgiivenine olan olas1 etkilerini kesfetmekti. 35 ortaokul 5. smif
ogrencisiyle 8 hafta yapilan bu uygulamada, 6grenciler bireysel ve esli olmak {izere
ayrildi. Bu ¢alismada hem nitel hem de nicel veri toplandi. Roportajlar, 6grencilerin
Ozgiiven Olcegi puanlamalart ve rubrikler ile puanlanan basar1 puanlar1 ¢alismanin
temel veri kaynaklariydi. Nitel veri esli ve bireysel olan 20 dgrenci ile yapilan
roportajlar ile toplandi. Nicel veri ise 35 Ogrenciden Ozgiiven Olgegi ve basari
rubrikleri ile toplandi. Bu veri kaynaklarmmin analizinde alan igerik analizi,

tanimlayici istatistik ve bagimsiz 6rneklemler t-testi kullanildi.

Bu calismanin sonucu, bilgisayar programlamada esli programlama tekniginin
ogrencilerin basar1 ve dzgiiveninin gelismesinde etkili oldugunu ortaya ¢ikardi. Esli
programlama tekniginin kullaniminin karmasik programlama problemlerini
yardimlasarak, bilgileri paylasarak ve hatalar1 diizelterek ¢ozmede faydali oldugu
ortaya ¢ikti. Dahasi, motivasyon, etkinli§i tamamlama siiresi, iiriin kalitesi ve
ogrenme esli programlama tekniginin olumlu faktorleri olarak ortaya ¢ikti. Esler
arasindaki anlagmazlik gibi olumsuz faktorler olarak ortaya g¢ikmasina ragmen,
olumlu faktorler daha agir basti. Bilgi toplumunun degisen ihtiyaglari dogrultusunda

programlama egitimi Ogrencilerimizin gelecegi icin gerekli olan Onemli

vii



yeteneklerden biri haline geldi ve bu c¢alisma esli programlama teknigini etkili bir

metot olarak tavsiye ederek pratige katki saglamaya calist1.

Anahtar Kelimeler: Esli Programlama, Bilgisayar Programlama, Kodlama, Ozgiiven,
Basarn
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CHAPTER 1

INTRODUCTION

The current chapter presents the background of the study, problem statement,
research questions, purpose of the study, and significance of the study and definitions

of terms.
1.1 Background of the Study

Developing programming skills is not only necessary for the students who are in the
area of computer sciences but also for the K-12 students who want to meet the needs
the of their life problems (Yoon, Kim, & Lee, 2016). Especially with the
technological developments of 21" century, gaining computer programming skills
has become popular for people in the areas of Mathematics, Engineering and
Designing (Grover & Pea, 2013; Kinnunen, P, & Malmi, 2006). The new
developments in the technology necessitated them to get profound knowledge about
a computer programming language, because people realized that knowing a
programming language is one of the valuable skills for their future (Hwang, Shadiev,
Wang, & Huang, 2012). Since the computer programming is one of the core topics
for this century and since it provides lots of opportunities for people, learning a
programming language is demanded by the people who want to get a job for the
future and gaining computational skills for their life problems (Saez-Lopez, Roman-
Gonzalez, & Vazquez-Cano, 2016; Wilson & Moffat, 2010). The development of the
technology also challenged to the students while gaining ability of computer
programming skills and solving the problems of Mathematics, Science, and
Engineering (Chang, 2014).

Moreover, being a creator of software is more popular than using or consuming
technological products (Clark, Rogers, Spradling, & Pais, 2013). According to
Kalelioglu (2015), the 21* century people need to have the ability to be productive

rather than being a consumer. With new development of technology and computer
1



systems, people strived to learn the ways to create the software for new technological
devices. Innovating new technology and using programming languages also provide
people to gain a variety of skills such as computational thinking, problem solving,
designing systems, and problem representations (Kafai & Burke, 2013). Computer
programming also develops the algorithmic thinking skills and problem solving skills
of the programmers (Fessakis, Gouli, & Mavroudi, 2013).

Since the computer programming is a vital for the people in the century, the
education of both adults and children were gained prominence internationally. The
universities and schools mentioned the importance of the computer programming and
so new curricula was prepared for the core topic of programming for both novice and
expert education (Yoon et al., 2016). Although the computer programming is
considered as a topic for adult education or software developers, Kalelioglu (2015)
stated that the new generation can adapt easily for the new changes in the technology
and they can also adapt to computer programming and computer sciences. For the
importance of programming education of children, there has been sudden impetus to
develop materials, curriculums and methods for programming lessons in most of the
developed and developing countries including Turkey. For instance, United Kingdom
applied a new course of computer programming for the primary and secondary
school students as a must course (Esteban, 2016; Grover & Pea, 2013). Estonia also
implemented programming education in their education system. Moreover, Finnish
education system included the programming courses into the curriculum to teach the
students computational thinking and logical thinking skills (Saez-Lopez, 2016). In
addition to these countries Israel, Russia, New Zealand, Australia and South Africa
created computer science classroom and curriculum for K12 students (Grover & Pea,
2013).

Although learning computer programming is stated as a beneficial skill for both
adults and children , the computer programming is a difficult process because it
needs to have several cognitive skills and practical skills (Ambroésio, Costa, Almeida,
Franco, & Macedo, 2011). Moreover, computer programming was stated as a
complex subject for the students who firstly involved in computer programming in
all age groups (Kelleher & Pausch, 2005). According to Wilson and Moffat (2010)
most of the computer engineering students thought that the computer programming

was hard to learn, therefore some of them gave up the computer programming
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lessons or they got lower grades. The reasons behind the difficulties of learning
programming by mostly adult learners are complex language of commands,
confusing logic of syntax, learning new codes and lack of knowledge about

programming (Kelleher & Pausch, 2005).

Similarly, K12 students also consider the computer programming as confusing,
boring, too hard to excel so that most of them give up learning the programming
(Wilson & Moffat, 2010). Wilson and Moffat (2010) also stated that correcting the

mistakes in the textual programming environment is difficult for students in this age

group.

Since the computer programming is a popular topic and it is thought as a difficult
topic to learn by both adults and children, some improvements were applied in the
programming education such as visual programming environments, robot
programming, and online programming environments. There are many programming
environments which were designed for children to make programming and
algorithmic thinking accessible for them (Denner, Werner, & Ortiz, 2012).
Moreover, to make the computer programming education easy for the university
students, some learning strategies like pair-programming and extreme programming

were designed according to the needs of computer programming students.

Pair-programming is one of the commonly used techniques that were adopted from
the extreme programming and agile process method. The agile method is developed
by Agile Kent Beck and his colleagues to make the programming process quick and
productive (Beck, 1999). In pair—programming, programmers work in pairs and sit
together to develop code (Berenson, Slaten, Williams, & Ho, 2004). The
collaborative programming environment is created for the programmers. Thus, the
programmers integrate their knowledge of programming on the same programming

problem.

In the literature, the programming confidence and programming achievement of the
pair-programming students were explored. Working with a partner provided more
enjoyable learning environment with social interaction (Kelleher & Pausch, 2005).
The result of the research showed that the pair programming was effective technique
that improved the programming confidence of the students, problem solving skills
and the technical knowledge about programming (Dongo, Reed, & Hara, 2016).

3



According to Hanks, McDowell, Draper, and Krnjajic (2004) pair-programmers were
also more confident than the solo programmers. Programming confidence of
programmers increased with the pair programming technique and pair —programmers
wrote more functional codes than solo programmers (Arisholm, Gallis, Dyba, &
Sjeberg, 2007). Moreover, the pair-programmers achieved more than solo
programmers, they also learned more codes and completed the assignments more
successfully (Hanks, McDowell, Draper, & Krnjajic, 2004). Hannay, Dyba,
Arisholm, and Sjeberg (2009) also stated that pair programmers wrote more correct
codes than solo programmers in the same time period. The benefits of the technique
on programmers stated as more enjoyable programming environment, more
confident learners, and improved cognitive development of learners compared to solo

programmers.

Furthermore, a study by Cliburn (2003) on the experiences with pair programming
indicated that working in pair on programming activities provided many advantages
like enjoyment, high achievement, and less workload on the introductory
programming class of the students. Nagappan et al. (2003) also stated that working
with a partner on the programming task provided to have positive attitude towards
learning computer programming. Moreover, Hwang et al. (2012) found that
cooperative programming increased the learning motivation of the students. The
number of students who submitted their homework correctly was increased among
the pair-programmers (Hanks, McDowell, et al., 2004). According to a research
conducted by Hannay et al. (2009) pair-programming was beneficial technique for

the achievement of complex programming problems.

The pair-programming technique is commonly used and beneficial especially for
novice learners and several studies have conducted with adults. However, there is
little information about experiences of children, especially the secondary school
students on the usage of pair programming technique. Its effects on secondary
students on their programming confidence and programming achievement are still

largely unexplored.



1.2 Problem Statement

Pair-programming is a commonly used technique for the adults’ computer
programming education. On the other hand, the pair-programming technique is rarely
used for children programming education. The literature showed that the usage of
pair-programming technique researched by several researchers and the outcomes,
advantages and disadvantages of implementation of the technique for adults who
were generally computer sciences department of universities and software engineers
were reported. The conducted research studies showed that the pair-programming
technique provides several advantages like fun, motivation, and confidence in
computer programming and increased achievement in programming in the adult
education. With the help of the results of these research studies, educators had a
chance to analyze whether the pair programming technique was beneficial for the
programmers or not. The results of studies in the literature show direction to
educators while implementing the technique in the computer programming lessons.
However, according to literature review of the computer programming is a new topic
for the children education and pair-programming is rarely used in the computer
programming education of children. For this reason, there is limited information
about the usage of pair programming on the programming education of children.
Because of this limitedness, it is difficult to implement the pair programming
effectively and decide the technique is beneficial for the children.

Since the computer programming is a popular topic for students’ education in most
of the countries including Turkey and the pair programming technique is commonly
used and beneficial for programming education of adults, there is a need to research
the influences of pair programming technique for students’ learning programming.
Moreover, for the complexity of the programming and its popularity among children,
it is clear that gaining better understanding about the usage of pair-programming and
the results of the implementation of pair programming technique on the children’

programming achievement and programming confidence is necessary.
1.3 Purpose of the Study

This study explores the possible influences of the implementation of pair
programming technique on programming confidence and programming achievement

of secondary school students.



1.4 Research Questions
The study explores the following research questions:

1. How does the application of pair-programming technique influence the

confidence level of secondary school students during programming process?

2. How does the application of pair programming technique influence the
achievement level of secondary school students during programming process?

1.5 Significance of the Study

Considering the gap in the literature, extensive exploration is needed to understand
how or if the pair programming technique influences the secondary school students
programming achievement and programming confidence. First, the results of the
study may contribute to the literature by filling the gap in the literature in terms of
pair-programming practice in programming education of secondary school students,
especially visual programming and online programming environments. Second, the
findings of the study can provide useful instructional strategies and techniques for
computer science teachers, curriculum developers, and other educators to facilitate
students’ learning of programming using pair-programming method. The teachers in
other contexts may decide whether to use this technique or not, may use appropriate
suggestions of this study in their own classes and contexts to observe the differences
and similarities while utilizing pair-programming technique. Finally, the reports of
this study about the students’ experiences, opinions, preferences, and perceived
benefits of pair-programming technique and the problems experienced during the

process can help the practice and guide the similar future studies.
1.6 Definitions of Terms

Extreme Programming Method:

Muller and Tichy (2001) defined the extreme programming method as “Extreme
programming” is a software development method for a small group of people who
dealing with rapidly changing needs of programming. Pair programming is one of the
sub-methods of the extreme programming method.



Pair Programming:

“Pair programming” is defined as programming technique in which programmers
work together at the same computer for completing the task on common
programming environment and code collaboratively (Williams & Kessler, 1999).
One of the programmers is called the driver and the other programmer is the
navigator. The primary job of the driver is to type the code. The navigator looks for
errors in the code as the driver types and suggests strategies for attacking various
problems as the pair works. In some ways, the role of the navigator is more important
than the driver as he or she has a more objective viewpoint and can think about the

direction a particular line of thought may proceed as they program.

Pair programmers: In the context of this study, pair programmers are the
programmers work together to complete the programming activity in the class. Two
programmers sit shoulder to shoulder and work collaboratively during the
programming process. One programmer chooses and combines the codes, the other
one helps him or her in the logical sequence of the codes and finds the errors of the

activities.

Non-pair programmer (individual programmer): In the context of this study, Non-
pair or individual programmer is a programmer who works alone during the
programming process in the class, completes all programming activities in the

programming lesson all by him/herself.

Scratch:

Scratch is a visual programming environment which was developed by MIT Media
Lab projects. It helps young learner to make programming easily and gains 21.
Century skills such as thinking creatively and reasoning systematically (Resnick,
Kafai, & Maeda, 2005). Scratch programming environment is free toolkit that
contains drag and drop code blocks and enables to create games, animations and
interactive art. The program includes four main parts which are block palette, stage,
script area and sprite palette (Resnick, Kafai, & Maeda, 2005).
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Figure 1.1 The Scratch learning environment’s main parts.

Block Palette: The block palette is visual programming interface which includes
colorful code blocks in different code categories (Resnick, Kafai, & Maeda, 2005).
With the help of the code blocks, programmers can bring different blocks together to
create small programs. Code blocks in the block palette looks like a piece of a puzzle
so programmers create their programs just like doing a puzzle. Block palette contains
several types of code blocks which are motion, looks, sound, pen, events, data,
sensing, operators and control categorized according to functions in the programming
environment. The categorization in the Scratch programming environment aims to

facilitate the programming to the novice learners.

Script Area: Script area is a code screen of the Scratch programming environment.
Programmers in the Scratch drag the codes block palettes and drop it the codes on
script area. The programmers combine the codes according to aim of the programs in

this area.

Stage: Stage is a part of Scratch environment that includes visual representation of

characters and animation of these characters.



Novice Programmer: In the context of this study, novice programmers are defined as
those who do not have enough experiences in programming environment. In the
study novice programmers are 5 grade secondary school students who have not
taken any programming courses before. According to curriculum of Ministry of
National Education in Turkey, the Information Technologies and Software course are
stated to be given in the 5" grade. Thus, 5" grade students are novice programmers
for the study.

Information Technologies and Software: Information Technologies and Software is
a course that includes several abilities using of technology. According to Information
Technologies and Software lesson curriculum , the course aims to teach the students
both cognitive skills and technical skills (MEB, 2012). The course is compulsory in
the 5™ and 6™ grade; in the 7" and 8™ grade levels it is elective. In the study, the

main topic is also teaching programming to the novice programmers.

Secondary school students: In Turkey, Secondary school students are students who

have completed Elementary school and are typically in the age between 9 to 15.

Programming Confidence: In the study, programming confidence indicates that the
trust and beliefs of the Secondary School programming class students in their own
ability for programming activities.

Programming Achievement: In the context of this study, programming achievement
is the success of Secondary School programming class students during the

programming activities based on an internationally used rubric.
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CHAPTER 2

LITERATURE REVIEW

This chapter aims to present the review of related research studies based on the pair
programming method and programming skills of students. The review includes the
pair—programming technique, programming environments for kids and the studies on
programming for children. Firstly, the programming (coding) concepts for the
children, the history, and the importance of programming are presented. Secondly,
the Information Technologies and Software lesson in Turkey and other countries and
the core programming topics are presented. Then, the programming environments
that were created for the students are presented followed by pair programming
method and the implementation and definitions. Lastly, a review of studies related
with the pair-programming method, programming confidence and programming

achievement of the secondary school students are presented.
2.1 Programming and Programming for Kids

Although most countries including Turkey have revised their education program
according to relatively new phenomenon of programming for kids in the last few
years, the programming education for children has started to develop in 1960s with
the Logo programming environment for teaching mathematics (Feurzeig, Papert &
Lawler, 2011). The Logo programming environment was developed for teaching
mathematics in a logical way that supports programming thinking skills and provides
activities for children (Feurzeig & Papert, 2011). The environment also aimed to
change the teaching strategy of mathematics education by adding constructivist
activities for classical learning topic of mathematics (Papert, 1991).

Since the programming education was considered useful to improve mathematical
skills, problem solving skills, higher order thinking skills of the children (Papert,

1991), the TORTIS programming environment was also developed by the Perlman
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for the use of programming to robotic devices with the Logo turtle (Perlman, 1976).
The goal of designing the programming environment was to facilitate the
programming language to the 3-4 years old kids and make the programming
environment more accessible for them and one of the other major aims of the
designing the programming environment was teaching kids to teach programming a
robotic system with the Logo turtle (Solomon & Papert, 1975).

The first programming environments Logo was developed for both teaching
programming to young children and kindergarteners and helping them gain some
skills during the programming process. Many researchers and educators analyzed the
importance of the environment on different perspectives. Logo improved the
language and social skills of the kids and young children by providing the
collaborative working programming environment (Strand, 1986). Moreover,
Clements (2002) reported not only the pedagogical side of the Logo environment but
also the development of thinking skills and problem solving skills of children. Lye
and Koh (2014) stated that scaffolding, constructivist activities and the problem
based learning were useful skills of the programming education of the K12 students.

The programming has been a core topic from past to present. In the last few years the
popularity and importance of learning a programming language has increased in
many countries of the world. For this reason, most of the software companies
developed visual programming environments to facilitate the programming education
of the children.

2.2 Programming Environments for Kids

There were several programming environments which were designed for teaching
programming to the children such as Scratch, ToonTalk, Code.org, Alice, and
Stagecast creator. These environments included features for young programmers,
including simple programming syntax, simple commands and visual code blocks and
drag and drop properties on the code blocks of instead of typing the code syntax one
by one (Fessakis et al., 2013). Young programmers have some difficulties on the
complex programming environment and the advanced level of programming
environments in terms of writing syntax and correcting mistakes (Wislow, 1996).
Because of this problem, the motivation, enjoyment, confidence, and the
achievement of the children for programming could decrease and the fear and
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anxiety could increase (Felleisen et al., 2004). For these reasons, according to Gross
and Powers (2005) different programming environments were designed such as
Logo, Alice, Scratch, Karel and StarLogo for children to make the programming

concepts and syntax easy in the education of beginner programmers.

The well-designed programming environment could help young learners’
programming development (Haugland, 1992). Programming environments provide
learners to participate actively to the programming activity and support the
development of the programming skill of the children by controlling the

programming environment (Fessakis et al., 2013).
2.2.1 Scratch

Scratch is a visual programming environment designed by MIT Media Lab to
facilitate teaching programming languages to kids (Resnick, Kafai, & Maeda,
2005).Scratch was designed according to constructivist learning approach and the
Papert’s Logo project (Papert, 1980). It is also a graphical programming environment
that provides opportunities for learners to create games, interactive stories,
animations, art and different multimedia (Brennan & Resnick, 2013). The Scratch
programming environment provided enjoy visual learning platform for the children
(Ota, Morimoto, & Kato, 2016). To develop the interactive project with Scratch, the
environment presents approximately a hundred coding blocks into the eight
categories that are motion, sound, look, pen sensing, control, operators and variables
(Resnick, Kafai, & Maeda, 2005).With the increasing demand on the programming
subject, Scratch becomes one of the preferred language environments for the kids
(Chang, 2014). Scratch is one of the commonly used programming environments
because programming with the Scratch is easier than other programming
environments for the young programmers by presenting a lot of visual code blocks
that look like a LEGO puzzle and scripts (Resnick, Kafai, & Maeda, 2005).
Programming with the Scratch environment is easy for the students because the
environment allows the students coding without syntax errors by using the colorful
code blocks (Maloney et al., 2010). The other major reason for becoming the
commonly used programming environment is that Scratch is a free and it is a media
rich platform for the young programmers, teacher and parents (Resnick, Kafai, &
Maeda, 2005)
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The programming environment improves some skills of the programmers during the
programming process. He, Chang, and Liu (2010) stated that learners gain various
abilities in mathematics, arithmetic, creative thinking, problem solving, and it leads
to joyful learning. The creator of Scratch programming environment stated that the
environment develops some skills of the children like collaborative working, creative
thinking, problem solving, systematic analysis and communication (Resnick, Kafal,
& Maeda, 2005). During the programming process, some features of the environment
like mathematic, arithmetic and statistic can add the programming activity to enrich
the problem solving, creative thinking and collaborative thinking skills (He, Chang,
& Liu, 2010).

The visual interface of the Scratch consists of four main parts with different features
that are stage, sprite list, scripts area, and blocks palette (Chang, 2014). The figure
(Figure 2.1) shows the parts of the Scratch.
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Figure 2.1 The Scratch learning environment.

Scratch programming environment was developed according to some core key
features such as building block programming, rich media manipulation, and
14



collaborative working environment and support multiple language (Resnick, Kafai,
& Maeda, 2005). The key features represent the following properties.

1. Building-block Programming: Programming in the coding environment
depends on selecting the accurate code blocks and fitting them into accurate
sequence. The code blocks look like puzzle pieces, so the young programmer does
not need to write any code during the programming process. The code blocks have
colors according to their functions, so the programmer can distinguish the type of
code blocks easily (Resnick, Kafai, & Maeda, 2005).

2. Rich Media Manipulation: Scratch programming environment includes
different type of media resources, so the user can develop a program by adding
sound, animation, emotion, and graphics (Resnick, Kafai, & Maeda, 2005). By
mixing different media types in the programming activity, the user can work in
rich software and improve the programming skill (Resnick, Kafai, & Maeda,
2005).

3. Collaborative Working Environment: Scratch working environment provides
the programmer ability to work with partners and share their projects with the
other programmers in the web site of the Scratch. The programming environment
help the user share their products and observe the products of other people in the
world. With the web site of the Scratch, programmers can work with the partners
and observe the different type of Scratch projects (Resnick, Kafai, & Maeda,
2005).

4. Support Multiple Languages: Scratch programming environment supports
many languages so that the children can join the programming environment in
their own languages. Scratch is developed approximately in 40 languages and
allows the user creating programs with their own language. Supporting multiple
language can provide to more achieved young children and share products of them

in their own language (Resnick, Kafai, & Maeda, 2005).
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2.2.2 Code.org

Code.org is an online visual programming environment designed in 2013 for the
students who can create codes by dragging and dropping the code blocks for their
coding activity (Code.org, 2014). The aim of designing the environment is explained
as making the programming education to the students easy and fun. The launcher of
the Code.org (2014) stated that the students can create codes in a collaborative and a
creative environment. The online environment aims to teach the K-8 students
computer programming with the skills of computer thinking, logical thinking and
algorithmic thinking. The lessons in the environment include 20 steps from easy to
difficult level. Students lead to the challenges in the lesson and work hard to pass

each step in logical way (Code.org, 2014).

The environment teaches some key concepts to the novice programmers in a well-
designed context (Figure 2.2). The online visual programming environment teaches
their learners information about computer literacy, usage of applications, basic
programming concepts including functions, loops and conditions and thinking

critically by using algorithms (Code.org, 2014).

According to (Kalelioglu, 2015) students can also observe the learning process of
themselves during the programming process, analyze the outcomes of the activities

in terms of which step is completed.
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Figure 2.2 The Code.org learning environment.

2.2.3 Alice

Alice is an open source programming environment which presents to educators drag
and drop interface to create 3D characters with adding the motion to the characters
(Alice.org, 2017). The environment designed by the Carnegie Mellon University for
the novice programmers to create the animations easily (Alice.org, 2017). The
environment provides 3D motion environment with the code blocks that makes easy

to programming to the characters (Figure 2.3).

Alice allows the novice programmers learn basic programming concepts in a 3D
objects like wvehicles, animals, people (Alice.org, 2017). The programming
environment aims to teach the learners Alice and Java programming languages to
make the programming easy and fun while creating video games, and animations
(Moskal et al., 2004). Alice programming environment prepare the novice learners to
the complex programming courses by facilitating the programming concepts and 3D
object design (Cooper et al., 2003).
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Figure 2.3 The Alice learning environment.

2.3 Information Technologies and Software Lessons and Programming

Education in Turkey

Information Technologies and Software lesson is course that aims to teach the
students technological innovations and the usage of computer applications for
everyday use. The lesson was designed in 2005 as an elective course for the students
1% to 8" grade level by the Ministry of Education in Turkey (BTE, 2013).

In 2013, the name and the level of the lesson were changed such that the name of the
lesson changed as “Information Technologies and Software” and the course offered
5™ and 6™ grade as 2-hours must course, 7" and 8" grade as 2-hours elective course
(BTE, 2013). The curriculum of the new lesson was designed to make the students
producers rather than consumers of technology, so the course includes some changes
including new technological trends and innovations like programming, 3D
environment design (MEB, 2018).The curriculum of the Information Technologies

and Software course also includes many several programming subjects like creating
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small software using visual programming environments, problem solving with the
programming, creating 3D objects for improving the creativity of the students (MEB,
2018). Programming, mobile learning, 3D environments started to be used after the

curriculum was changed in 2013.
2.4 Extreme Programming Approach and Pair-Programming Technique
2.4.1 Extreme Programming Approach

Extreme programming (XP) is a software development approach designed by the
Kent Beck and his colleagues which aims to achieve productivity with the excellent
software products by collaborating the team members clearly (Beck, 1999). With the
design of the XP approach, the usage of traditional software engineering methods
was decreased (Muller & Tichy, 2001).

According to Beck (1999) with the extreme programming approach, the development
of the software depends on many values such as communication, feedback,
simplicity, courage, and respect. The values implemented on the production of the
software and a team searches the solutions of the problems together. Extreme
programming approach is developed for the software engineers’ team to increase the
productivity by working the team and provide quick solution to the problem of the
software (Muller & Tichy, 2001).

2.4.2 Pair-Programming

Pair-programming is defined as a collaborative programming method in which all the
programming steps are completed by the two programmers who works on the same
computer (Berenson et al., 2004). Although the pair programming method is an old
concept that is one of the key elements of 12 elements of Extreme programming
approach, pair programming become a popular technique for the software engineers

and programmers recently (Beck, 1999).

To create the computer software with the pair programming method, two
programmers use one computer, mouse and keyboard (Hanks et al., 2004).
According to Williams and Kessler (2002) the two programmers called as driver and
navigator in which drivers create codes, design the environment, test the programs
and controls the programming environment; the navigators observe the driver’s

codes and give some suggestions about the work and correct the mistakes of the
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driver during the programming process.

The driver is always active in typing the codes and design of the code environment.
On the other hand, the navigator detects the problems in the coding environment,
asks questions about the process of driver and gives suggestions to their partner to
develop the program (Nicolescu & Plummer, 2003). The Cliburn (2003) stated that
the role of the navigator is more important in the programming process of two
programmers because the navigator should be active, creative and objective in the
programming tasks. In addition to this, the two programmers (navigator &driver)
should communicate to create new solutions to their problem. The navigator and the
driver should communicate with each other 45 to 60 seconds periodically (Williams
etal., 2001).

Working “shoulder to shoulder at one computer” aims to produce more qualified
programs and decrease the some tactical deficiencies and misspelling codes in the
software (Williams & Kessler, 1999). To create the quality products with the pair-
programming method and give the equal role to the programmers, the role of the two

programmers should be change every one hour (Bevan, Werner &McDowell, 2002).

Several methods can be implemented while composing the pair groups for the pair-
programming method. The researchers who used pair programming method used
different strategies to create pair groups. Williams and Kessler (1999) used the pair
programming method in their study and formed the group according to characteristic
of the students like active working students or passive worker students. McDowell et
al. (2004) did not apply any rule and students chose their partners freely. On the
other hand, Napaggan et al. (2003) applied different strategy that the software
created the groups randomly. In the Napaggan’s research, the partner changing was
done during the study, but some of the groups worked with the same partner

throughout the semester.

Nicolescu and Plummer (2003) stated that pair programming method should be

applied according to some rules as follows;

1. The pair group member works together on the same computer, keyboard and
the mouse to complete the task successfully. They complete the entire task

together.
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2. Each member has a role in the pair programming method such that one
member is navigator who observes the driver, check the written codes and correct
the mistakes make brainstorming and give suggestions, the other member is driver

who types codes and make all of the work on the computer.

3. The navigator and the driver decide the design of the software and the type of

the codes together.

4. The driver and the navigator always communicate with each other and ask

questions and discuss to solve the problem of the task.

5. The role of the driver and navigator are changed during the software
development, thus the group members gain experience on both roles.

2.5 Cooperative Learning Instructional Method

Pair programming technique is not an instructional method; however it has many
similarities with cooperative learning. Several research studies in the literature
referred to the relationship between the instructional method of cooperative learning
and the software development technique of pair programming. The study Preston
(2006) explored the usage of cooperative learning in order to improve pair-
programming technique. Preston (2006) resulted that the cooperative learning with
pair programming technique, the students became more active during the learning

process and the weaker students were involved more into the projects.

In this section, brief information is given about cooperative learning, its difference
with collaborative learning, and why pair-programming technique was associated

with cooperative learning in this study.

Cooperative learning is an instructional method in which students work together to
achieve a goal, solve problem, or complete the classroom assignments. The
cooperative learning provides helping each other, preparing the study by searching
together and sharing knowledge to solve the problems (Sharan & Sharan, 1987).
Cooperative learning is also defined as a student-centered instructional method in
which students work together by interacting with each other in the same group (Lam
et al., 2013). In cooperative learning the students works in a small group and learn
with the same learning materials, the teacher gives the necessity information about

the subject at the beginning (Slavin, 1987). The role of the teachers’ in cooperative
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learning was designing the learning environment, supporting the students in learning
(Panitz, 1999; Cooper & Mueck, 1990).

Cooperative learning is explained as an effective and important instructional method
for the students because the method enhances learning of students by providing
interaction between the students in working groups and sharing the learning tool for
common goals (Doymus et al., 2004). According to Slavin (1987) the cooperative
learning improves the interaction between the pairs, motivation of the students,
higher order thinking skills of the students. The cooperative learning develops social
interaction while learning the academic subjects (Davidson & Major, 2014). The
cooperative learning includes five basic elements which are positive
interdependence, face-to-face promotive interaction, individual and group
accountability, development of team-work skills, and group processing (Johnson,
Johnson, & Smith, 1998).

The usage of cooperative learning method with the key elements of method supports
the learning in the working groups. The study about Johnson and Johnson (1989)
resulted that the cooperative learning provided more successful learners,
productivity, good interactions and socialization, and self-confidence. The
integration of cooperative learning to the education was designed by Slavin (2011)
indicated that each group member’s work is based on the group goals and the
motivation is a factor for learning and enthusiasm of group mates. The cooperative
group members socially interact and their motivation helps students’ learning. In the
cooperative learning pair tutoring, pair modeling, pair practice and pair assessment,
and correction improves students’ learning (Slavin, 2011). The pair programming
technique supports pair assessment and correction, social interaction, encourage

group mates, and helping group mates during learning.

Collaborative learning, on the other hand, is an instructional method in which
students work together to achieve a common goal. In collaborative learning, each
group member helps each other and responsible for each other’s learning (Gokhale,
1995). Collaborative learning is also defined as social learning process for the
students in which the students worked together to solve the problems, help each
other, and increase the motivation of group members (Teague & Roe, 2008). The
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teacher has the role of a facilitator in collaborative learning (Gokhale, 1995). Yerion
and Rinehart (1995) described the advantages of collaborative learning including
deeper learning, higher motivation, improved cognitive skills, and enhanced social
interaction. The achievement, confidence and enjoyment were improved with the
collaborative learning method (McKinney & Denton, 2006). The satisfaction of the
students and their enthusiasm were also enhanced with the collaborative learning
method (Yerion & Rinehart, 2002).

The collaborative and cooperative learning methods have lots of similarities as
mentioned in this part of the study. Although, both of the methods have several
similarities, there are also differences among these methods. The differences provide
to explain the reason of choosing the cooperative learning method in the study. The
role of the teacher is one of the important reasons of using cooperative learning
instead of collaborative method for this study. The role of the teacher is defined as
the facilitator in both of the methods. While teachers do not particularly observe the
learning process or provide the information about topic in collaborative learning, the
learning process is specifically monitored by the teachers and teacher provides
information to the students in the cooperative learning method (ResourcEd, 2018). In
the present study, similar with the cooperative learning, the teacher also observed the
learning process especially the students’ roles as drivers and navigators in the pair
programming technique. The teacher also provided necessary information about
programming in the first lesson and the students used the information in the

programming activities in second lesson.

The organization and structure of the working groups is another factor of choosing
cooperative learning method for the present study. According to Panitz (1999)
collaborative learning needed to have more detailed and complex preparation
process. The organization of the working groups is structured and the role of the
students are assigned by the teachers in cooperative learning method (ResourcEd,
2018). In the present study, similar to the cooperative learning, the teacher also
organized the pair programming groups. The teacher assigned the pair groups and
role of the students (driver or navigator). The learning environment and the rules of
the pair programming technique were also organized by the teacher. Teacher also

checked the students’ role changing process in every 2 weeks during the semester.
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As a result, the cooperative learning instructional method was preferred to support
the pair programming software development technique in the study.

2.6 Review of Related Studies

The pair programming method was started to be used by software industry, software
development process of computer science program students, and teaching strategy of
programming to the adult education. The method was not used as the teaching
method for children. The study aims to utilize the popular method of pair
programming used by adults with helping kids learn programming. The review of the
study was divided into three categories as 1) pair programming for adults and kids, 2)

Programming for kids with Scratch, and 3)Programming Education in Turkey.
2.6.1 Research Studies about Pair-Programming for Adults and Kids

In pair programming technique, programmers collaborate on the same task and one
of the students develops codes and the other student observes and helps the partner
while dealing with complex problems and mistakes (Gomez et al., 2017). This
techniqgue was commonly used in the computer programming and software
development area. The studies show that the pair programming is an efficient
technique for programmers who need to support for the improvement of their
programming. On the other hand, some of the results showed that the method is not

effective for the software development of programmers as discussed in the following.

Performance of pair programming groups who were adult learners was better than
the solo- programmers in learning, quality of software (Alves, Salge, & Berente,
2016; Lye & Koh, 2014). The pair programming technique was useful because it
developed critical thinking skills, programming skills, and provided interaction
between programmers who were high school students (Bailey & Africa, 2017). The
significant results were resulted that the ratio of programming confidence and fun
increased with the pair programming technique by changing the partner’s role of 6"
grade elementary school students in 5 minute periods (Zhong et al., 2018). Similar to
the literature that reported the effects of pair programming technique on
programmers as being more productive, confident and having fun. Pair groups were
more confident and enjoyed more than individual programming groups and the
achievement levels of all children were better (Hanks et al., 2004; Salleh, Mendes, &

Grundy, 2011). The study conducted by Werner (2009) resulted that the pair
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programming was an effective technique for the middle school students
programming education in term of gaining ability of problem solving.

Pair groups adult programmers can answer the questions of the task and able to
manage the problem of the software by working as team (Williams & Kessler, 2002).
Williams and Kessler (2002) reported that the pair groups never gave up the work
during the laboratory session but some of the pair groups gave up the task because
they could not find the answer of the questions in the programming environment.
Waite, Jackson, and Leonardi, (2004) resulted that the group work in computer
sciences provided improved performance and high satisfaction for the programmers
who were Computer Engineering university students. Pair programming method also
helped adult learners to find solution to their problems by working on the same
computer and on the same programming task (Cliburn, 2003; Williams & Kessler,
2000).

Pairing students produced better quality software than individual students and the
students also achieved more on tests, and get higher scores on the programming
course which were for the adult learners (Williams & Kessler, 2000; Faculty, 2016;
Nagappan et al., 2003). In the study of Hannay, Dyba, Arisholm, and Sjeberg (2009),
the pair programming reported as a method which not only provide quality product
production but also develop the social interaction and collaboration of the group
members that support the confidence and the motivation of the professional adult
programmers in 3 different countries. Li, Plaue, and Kraemer (2013) resulted that the
pair programming technique increased the productivity of the university students in
programming. Alves et al. (2016) also resulted that pair programming students
developed codes quicker than individual programmers in computer programming
course in university. Moreover, the pair programmers’ programs were differentiated
from the individuals’ in terms of being shorter and easier to manage in the future
(Cockburn & Williams, 2001). The adult programming student divided into groups
and pair programmers used the time effectively and complete the programming

activity quicker than solo programmers (Nagappan et al., 2003).

The research results about adult learners showed that pair programming provided
interaction between students, higher grades, confidence and motivation for learning
of the computer programming (Salleh et al., 2011). Williams and Kessler (2002)

explained the benefits of pair programming method as quicker software production
25



(approximately half time) than solo programmers, knowledge transfer between the
adult programmers, improved learning environment, and collaborative learning

environment.

Zacharis (2001) compared the effectiveness of pair programming with solo
programming among the adult learners and the results showed that pair programmers
created less error (50% fewer) in their software than solo programmers. McDowell
and Werner, 2006) studied the improvement of confidence and programming quality
of programming class students in elementary school by using pair programming and
the results showed that the enjoyment and the confidence level of the pair
programmers were higher than solo programmers. The achievement of the adult
students was also better in the pair programming groups when the pair programming
technique used accurately (Nagappan et al., 2003; Umapathy & Ritzhaupt, 2017).

Although, most of the relevant studies showed that the pair programming was an
effective method for producing software and learning computer programming, some
of the studies also showed the negative outcomes of the pair programming method.
In the study of the usage of pair programming in adult education, arranging time and
finding well-organized partner for working together for the project was difficult for
most of the pair programming groups (Bevan et al., 2002). The completion time of
programming activities by the 6™ grade pair programming student was found slower
than individual students because of the time lost in communication between the pairs
(Lewis, 2011).The poor partner matching caused the unexpected outcomes for the
process of project and pair programming method did not work in this situation
(Cliburn, 2003). The study of Arisholm (2007) resulted that the pair programming
adult groups did not create expected software product in terms of correctness of
codes.

2.6.2 Programming for Kids on Scratch

The Scratch visual learning environment provided to help kids learn computer
programming by creating projects, stories and games (Maloney, Resnick, Rusk,
Silverman, & Eastmond, 2010). Perlman (1974) showed that the visual environment
provides solutions of the syntax problems, typing command problems with the visual

code blocks.
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The result of the study of Saez-Lopez (2016) showed that the visual programming
environment (Scratch) is an effective educational tool for both education of computer
programming to the kids and gaining some abilities like mathematics, art, history and
music. Scratch programming environment was differentiated from the other
programming environments in terms of touching different type of interests that the
students engage the programming to show their feelings and talents, and present rich

media sources for designing the programming environments (Maloney et al., 2010).

Scratch programming environment facilitated the development of computer
programs and increased the motivation and engagement of the students with the
visual code blocks and visual programming environment(Maloney et al., 2010). The
visual programming environment including Scratch made the advance programming
concepts simple for the novice students to engage them into the programming
environment (Kelleher & Pausch, 2005). Kelleher and Pausch (2005) stated that the
environment was well designed for the beginners of programming so the motivation
and enjoyment of the students were increased in the programming lessons. Students
improved the ability of programming by creating advanced programs and designing
the environment with the friendly interface environment of Scratch (Idlbi, 2009).
According to Idlbi (2009) with different type of sources of Scratch, all of the students
enjoyed at the end of the programming sessions.

The result of the case study about the Scratch usage in the elementary school resulted
that the confidence, motivation, fun, engagement and attitudes were benefits of
creating code blocks in Scratch environment (Saez-Lopez, 2016). Moreover, the
Scratch environment facilitated the programming learning of students quicker than
text based programming environments and keeps the enthusiasm of the little
programmers for a long time period (Maloney et al., 2010). In the study of usage of
Scratch programming environment to produce a game, the research resulted that
although the time was limited to learn programming and producing a game, the
students could easily learn the environment and programming concepts in 6 weeks
and created programs for the game production effectively (Yoshihara & Watanabe,
2016). Moreover, the result of the study of Urban Youth Learning Programming with
Scratch resulted that the environment of Scratch increased the popularity of
programming between the youth urban programmers’ and the number of programmer

was increased in the programming club (Maloney, Peppler, Kafai, Resnick, & Rusk,
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2008). The study of Maloney et al. (2008) also stated that Scratch increased the
motivation of the students by providing support and having user friendly interface for

the novice programmers.

Scratch programming environment includes both the functions of programming and
also conditional statements, loops, variables which provide easy assessment for the
students, the result of the study indicated that the students were motivated for the
Computer programming subject and teachers could able to assess their students
easily (Ota et al., 2016).

2.6.3 Programming Education in Turkey

Similar to other countries, programming education is a popular subject in Turkey.
The curriculum was updated with the needs of programming education. Moreover,
special courses were introduced in order to teach programming and robot coding to
the secondary school students. Sayginer and Tiiziin (2015) stated that since the
programming education of children is important in Turkey, some developments were
made in order to make computer programming prevalent for kids. According to
Sayginer and Tiiziin (2015), Ministry of Education in Turkey developed a portal
(EBA) for the programming education and with the help of the portal, teachers and
students could share their projects and examine the other projects.

Since the programming education is an important subject in Turkey, several studies
were also conducted to understand the effects and importance of the programming
education of children. According to Demirer and Sak (2016) the programming
education improves the problem solving skill and analytical thinking skills of
students. The study of Geng and Karakus (2011) reported that Scratch programming
environment provides students to gain some skills including creative thinking skills,
algorithmic thinking skills, mathematical and computational thinking skills. Cetin
(2012) conducted a study that analyzed the effects of programming on problem
solving skills of children. The study reported that the programming education of
children contributed to problem solving skills of children positively (Cetin, 2012).
The Scratch programming environment provided significant results on the problem
solving skills, algorithmic thinking skills and the creative thinking skills of children
(Yiinkiil, Durak, Cankaya, & Abidin, 2017).
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The computer programming developed the positive attitudes for the school
environment and for the lessons (Demirer & Sak, 2016; Akpmar & Altun, 2014).
Geng and Karakus (2011) stated that the Scratch programming environment provided
the collaborative working environment for the children. Catlak et al. (2015) also
resulted that Scratch programming environment increased the motivation of students
and the interests of the students towards lessons with its friendly interface.

However, the study by Kalelioglu and Giilbahar (2014) explored the effects of
Scratch programming environment on problem solving skill of primary school
students. It resulted that the Scratch programming environment did not show any

significant effects on problem solving skills of primary school students.

Only few studies explored pair-programming technique with secondary school
students. Demir and Seferoglu (2017) conducted a research to compare the pair
programming and individual programming process of secondary school students by
using Scratch learning environment. It resulted that the pair programmers completed
the programming quickly and with less mistakes in the codes. The study Demir and
Seferoglu (2017) also reported that pair programming provided more enjoyable
working environment for the students while creating code blocks in Scratch.

2.7 Summary of the Review of Literature

Although several studies present the advantages using pair-programming technique
in computer programming process, there are limited number of studies researching
the influence of pair-programming on programming confidence and programming

achievement of secondary school students.

As mentioned in this chapter, computer programming is a valuable skill but learning
computer programming is difficult process for both adults and children. To facilitate
the programming, several improvements were implemented such as visual
programming environments and online programming environments. A programming
environment with easy to use interface provides various benefits for the programmers
while learning and implementing code blocks. Several studies about visual
programming environments showed that the environments facilitate the computer
programming process with the easy to use interface options. According to studies in
the literature about computer programming education, the researchers mainly

focused on the visual programming environments and the benefits and limitation of
29



these environments. However, computer programming requires cognitive skills,
higher order thinking skills, and problem solving skill (Papert, 1991). To achieve the
cognitive skills of programming, some methods and techniques were implemented on
the education of computer engineers, software developers such as agile method,
extreme method, and pair-programming technique. The literature showed that pair-
programming technique is commonly used in the adult education. Related studies
about pair-programming reported that the technique is beneficial for programmers in
terms of motivation, fun, productivity, confidence and achievement. Although the
pair programming technique is commonly used in adult education, there are limited

studies for children’s programming education.

Since the technique is beneficial for the programmers, the current study aimed to
combine the visual learning environment of Scratch and pair programming technique
to get in-depth information about secondary school students’ experiences. The results
of the literature search failed to result in a study about the usage of pair programming
on the secondary school students” computer programming confidence and
achievement. The literature mostly searched the influences and factors of pair

programming technique on adult education.

Therefore, this study aims to deeply analyze the influence of pair programming
technique with Scratch on secondary school students’ confidence and achievement.
To implement the technique on the secondary school students’ computer
programming lessons, the outcomes of the techniques should be analyzed deeply.
Thus, the study explored how pair programming technique influences the
programming achievement and programming confidence of secondary school
students in the programming process. Getting in-depth knowledge about this problem
IS necessary because of limited research in the literature, therefore the case study
design of the research used to help to analyze the experiences of secondary school

students on pair programming technique with Scratch.
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CHAPTER 3

METHODOLOGY

The current chapter presents the research questions and research problems of the
study, the design of the study, sampling strategy and participants, data collection
instruments, data collection procedures, data analysis, quality of the study, researcher

role, and limitations of the study.
3.1 Research Questions

The study explored how the experience of pair programming influences
programming confidence and programming achievement of secondary school

students.
The study investigates the following research questions:

1. How does the application of pair-programming technique influence the
confidence level of secondary school students during programming process?

2. How does the application of pair programming technique influence the
achievement level of secondary school students during programming process?

3.2 Research Design

It should be noted that this study is qualitative in nature. However, both qualitative
and quantitative data were collected to triangulate data and understand students’
experiences from various perspectives. An overview of the research design is

provided here in this part to help readers easily understand the rest of the chapter.

In a class with 35 students and only 27 computers, she arranged 11 pair-programmers
and 13 individual programmers. This situation is not unique to this research, as many
computer classrooms in Public schools in Turkey do not have adequate number of

working computers for each student. Therefore, in one classroom both pair and
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individual students are naturally formed. The difference of this study is that, the
initial arrangement of pairs and individuals was systematic and did not change
throughout the study to make sure students’ experiences are formed in a long-period
of time that the results represent their unique experiences being in either situation
(pair vs. individual). Also, the pair groups were informed about their roles as being
navigators and drivers. Therefore, pair groups utilized pair-programming technique
in this study. In the first week of the implementation, the teacher also provided

information regarding the rubrics and provided examples.

For 8 weeks, the teacher utilized Scratch lesson plans and rubrics which were
provided in Scratch website for teachers. Each activity was different. In 2-hour
(40+40 minutes) class duration, the teacher gave directions of the activity in the first
hour and then she gave the activity to the students in the second hour. The students
were asked to do the activities by themselves and were not allowed to ask any
questions to the teacher. At the end of the lesson, the teacher answered their
questions, gave feedback to the students, and evaluated the activities by using the
rubrics. She completed all the evaluations at the end of the lesson and re-checked
them within a week to ensure accuracy. The rubric scores were used for part of their

course grade.

After the 3" lesson, the teacher implemented the confidence scale. At the end of the
8-week period, confidence questionnaire was applied again and interviews were
conducted with students to understand their own opinions of their achievement and

confidence in programming and their experiences in these 8 weeks.

Case Study
Research method of this study is case study. According to Creswell (2007), “Case

studies explore an issue through one or more cases within a bounded system” (p.73).
Case study method is commonly used for gaining deep understanding of a
phenomenon in the natural life situations in the fields such as education, psychology,
and health (Merriam, 2009). Main conditions of using case study design are
answering how and why questions, lack of the manipulation of participants’
behaviors, discovering conditions of environment and uncertainty of the boundaries

between the phenomenon and context (Yin, 2009).
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Gaining an in-depth understanding a phenomenon needs some requirements such as
collecting data from different sources, being active participant in the phenomenon as
a researcher and the in-depth description of the result of the phenomenon (Creswell,
2007). Yildirnm and Simsek (2013) stated that the results of each phenomenon are
different from each other, so the similar cases are not compared and the researcher
cannot make any generalization about the result of the phenomenon.

In this study, researcher explored the experiences of students during programming in
class where there are two different forms of programming (individual and pair). The
study investigated the phenomenon without any manipulation of students for the
responses they give, and it gave detailed information about participants and their
conditions. The researcher was actively involved in the context and deeply analyzed

students’ experiences by collecting various types of data.

For the study, the qualitative data were collected and supported by the quantitative
data which is defined as embedded case research design. Embedded case study is a
type of case study that is structured by several sub-units of analysis (Yin, 2003).
Moreover, embedded case study eases the combination of quantitative and qualitative
methods in one research study (Scholz & Tietje, 2002; Yin, 2003).

In this research, secondary school students worked on programming activities in 8
weeks either individually or as a pair. At the beginning of the intervention, a
programming confidence scale was given to the students. Each week, their
achievements on activities were assessed by using rubrics. At the end of the
intervention, programming confidence scale was given again and interviews were
conducted with the students. In qualitative part of the study the main purpose was
gaining an in-depth understanding of novice child programmers’, specifically
secondary school students’ programming confidence and programming achievement
with the usage of pair-programming technique. Qualitative data were collected by
conducting interviews with the students. Therefore, with the collection of these data,
rich-information was obtained about the issues of programming confidence and

programming achievement of students with pair programming technique.

In quantitative part of the study the main purpose was supporting the qualitative
results of the study by using the programming confidence scale and programming

achievement rubric results. In the quantitative data collection, programming
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achievement rubric and programming confidence scale were administered on the
process of programming activity. The pair groups performed a programming activity
by collaborating with their partners. On the other hand, the individual participants

worked alone and performed the activity by themselves.
3.3 Context of the Study
3.3.1 Information Technologies and Software Course

“Information Technologies and Software” is a course offered in 5™ and 6" grade as
must course and 7™ and 8" grade as an elective course (Talim Terbiye Kurulu, TTK).
Before the changes of Board of Education and Discipline in 2013, the course was
given as an elective course from 1% grade to 8" grade as one hour. The name of the
course was also changed from “Computer Course” to “Information Technologies and
Software course” in 2013 and the course was given in 2 hours as a must course for
the 5™ and 6™ graders.

In the 5™ grade Information Technologies and Software curriculum, programming is
one of the core topics of the course. In addition to the programming topic,
information about several technologies, hardware and software parts of computers,
Internet security and ethical issues of Internet usage, beneficial applications and
software usage, Windows Office applications are the other topics of the curriculum

of Information Technologies and Software course of 5™ grade.

In previous years in the school where the data were collected in this study, this
course was given as a course which included several applications and technologies
according to curriculum of Talim Terbiye Kurulu (TTK). The grading policy of the
Information Technologies and Software lesson had included written exam, project
works and activity rubric results of each lesson. In the written exam, the questions
were about general programming concepts, software and hardware of the computer,
algorithm of programming and so forth. Multiple choices, true and false and open-
ended questions were asked in the exam. Moreover, students completed several
programming activities in the lessons, but they were mostly completed individually if
there were adequate numbers of computers. The activities were measured with the
rubrics that are presented in the Scratch official web site. The project works were

also one of the assessment methods for the course.
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In the year when the research was conducted, Information Technologies and
Software course was given for two semesters. In the first semester curriculum did not
include programming. The second semester, students started to learn programming.
However, in the first semester, students got general information about what
programming is. The research was conducted in the second semester and pair-
programming technique was used. Instead of paper-pencil tests, performance-based
assessment was used dominantly. The course grade consisted of 50 % of activities
that are part of this research, 20% of exam result, and 30% of project. Not only their
achievement but also their programming confidence was evaluated. Similar to the
previous semesters, the students used exercises in Scratch website and assessed using

the rubrics.
3.3.2 Learning Environment

For the usage of pair programming technique on programming activities of the
children, a programming environment, named “Scratch” was used. The environment
was developed by MIT Media Lab projects. Scratch is free programming
environment that launch several projects on its web site from the users of different
countries. The Scratch programming environment helps young learners to learn
programming easily. It also helps learners to gain 21. Century skills like thinking
creatively and reasoning systematically. According to Maloney et al. (2010) the
environment was defined as; “Scratch is a visual programming environment that lets
users create interactive, media-rich projects. People have created a wide range of
projects with Scratch, including animated stories, games, online news shows, book
reports, greeting cards, music videos, science projects, tutorials, simulations, and

sensor-driven art and music projects” (p.16).

In this environment, students encounter four main parts that are block palette, script
area, stage, and sprite palette. The environment presents drag and drop blocks for
users to make programming easily. This environment is commonly used because it
makes it easier to learn programming for kids. Scratch programming environment
developed the motivation and needs of the young programmers (8 to 16 years old)
who join the Intel Computer Clubhouses after school time (Resnick et al., 2005).
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One of the important properties of this environment is having a web site for
discussion and sharing the projects of the users. This helps the user examine the code
blocks of different projects. The web site is also supported by the documents and
resources part for the parents, teachers and the students. The lesson plans were

implemented in the programming lessons of the secondary school students’ lessons.

Some screenshots of projects of the students who were the participants of the study
are provided below (Figure 3.1 and Figure 3.2).
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Figure 3.1 The Scratch projects of students.
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Figure 3.2 The Scratch projects of students.

3.4 Participants

The participants of the study were 5" grade students from the Yenikent lksan
secondary school in Sincan in Ankara. According to the records of the counseling
service in Yenikent ilksan public school, the economic status of the students in the
school was low. For the 5™ grade students in the study, most of the parents had low
income and the salaries were under the poverty rate according to the poverty rates in
Turkey reported by TUIK (2017).

The reason behind choosing this school was the researcher is a computer literacy
teacher of this school. The Yenikent ilksan secondary school is a school with
bilateral training applied for the students of primary and secondary schools. The
school is a public school and has 1207 secondary school students and 1570 primary
school students in 2017. The average number of students in classrooms is 40
students. The school has one computer laboratory. The interactive white boards and
Internet connection are available in each classroom. The Computer laboratory was
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opened in 2008 by the MEB. Most of the computers have Windows XP and a few of
them have Windows 7 operating system with 2GB memory. The number of

computers in the laboratory 27 and each computer has Internet connection.

The participants were selected from 5" grade programming class students in the
Yenikent ilksan secondary school in Ankara. The purposeful sampling strategy was
used for selection of the participants. With the purposeful selection information, rich
cases are supplied to gain in depth information about the phenomenon (Patton, 1990;
Creswell, 2007). As a teacher, the researcher had twelve 5™ grade level classes in the
semester, so one class was chosen in order to get in-depth information about the pair
programming experiences of the students. The first reason behind choosing the
particular class from the 12 classes was that there were fewer students than other
classes, which enables more effective observation and care for individual students.
The second reason why 5™ grade students were chosen as participants was that the 5
grade students have not attended to the programming course before. Since they did
not have any programming course before, the relationship between the pair
programming technique and their achievement and confidence on programming
could be observed effectively. According to the result, 32 (91%) students did not
have any programming experience before and only 3 (8.6%) students had experience
before the programming lectures according to the school records and students’ self-

reported information.
3.4.1 Participants of Confidence Scale

The confidence scale was conducted to the same 35 5" grade students in the
Yenikent Ilksan public school. Two more students joined to the class in the middle of
the semester. Since the intervention had already started, their data were not included
in the results. Among 35 students, there were 11 groups which consist of 2 students
in each group and 13 individual students. The scale was implemented twice and in

the second implementation there were 35 students who filled the scale.

Demographic information of the participants was achieved with the result of the
confidence scale form. The number of female students was 19 (54.3%) and the
number of the male students was 16 (45.7%). The age of the participants was
between 10 and 11. The 14 students were 10 years old (40%) and 21 students were
11 years old (60%).
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3.4.2 Participants of Interview

The interviews were conducted to 20 students out of 35 5™ grade students. The
students are the same with the confidence scale participants but only 20 of them
volunteered to join the interview. The numbers of individual interviewer participants
were 7 students and their genders were both male and female. Moreover, the
numbers of pair-group interviewers were 13 and they were also both male and
female. The age of the students was between 10 and 11. These 20 interview
participants’ and not-interviewed students’ rubric scores were similar, and they were
similar in terms of the composition of gender and age (35 students’ average rubric

score M = 72.02, 20 students’ average rubric score M = 71.85).
3.5 Implementation
3.5.1 Implementation of the Course

Implementation process of this study consists of five main steps. Each step is

explained below.

Step 1: (Weekl)
As stated above, there were two participant groups (pair or individual) in this

research. Before starting to programming activities, the teacher informed the students
about the curriculum of the course for the semester. Teacher also informed the
students about the rules of the computer laboratory and pair programming technique.
After the necessary information about the process of course was given, the students
were randomly assigned to pair groups or individual. Moreover, the computers that

they study throughout the semester were assigned to them and not to be changed.

After the design of the classroom determined teacher informed the students about
how they implement the programming activities with their partners or individually.
According to this rule, students were applying the given activity in two ways. For the
individual programmers, they completed the activity by themselves without receiving
any help of their teacher and classmates. The individual novice programmers worked
alone. They only used the knowledge and example activities that gained in the
lessons. On the other hand, the pair-programming groups worked as a group. They
shared their experience in the light of the information that gained in the programming

lessons. Similarly, they also received no help from the teacher throughout the
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activity. The teacher answered students’ questions about their activities after the
lesson, started evaluating the activities using the rubric, and gave feedback for their
activities at most within one week duration after they complete their activity. The
rules and structure of the pair programming technique as also mentioned to the

students that were;

1. The individual student worked alone but the pair programming students
worked together on the same computer and they complete the given activities
together.

2. The roles of the students in pair programming were assigned as driver or
navigator in the first week but the role of the students changed every two
weeks during the implementation. The students in the role of “driver” created
code blocks and used computer to complete the activity. The driver also talked
with the partner for the suggestions and the mistakes of the code blocks. On
the other hand, the “navigator” observed the code screen and give suggestions
about code blocks. Both driver and navigator always communicated each other
and worked together during the programming process.

3. The navigator and driver decided the codes and design elements together. If
one of the students did not obey the rules, the group member could inform the
teacher immediately.

4. The pair programming student got point from the programming activities that
they completed together so they needed to work together and create better

codes.

Since their completion time of the activities was different from each other in the
class, students were allowed to create different projects or examine the Scratch
projects in the software. The computer game or surfing in the Internet was forbidden
during this time. Teacher also shared the measurement tools for grading of the
students. The structure of achievement rubrics was described to the students and the

grading policies of the activities were presented.

For record keeping and tracking students’ performances in each activity, the teacher
prepared sheets that include the list of the students in terms of pair programming
students and individual programming students so she added the grades of the

students easily.
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Teacher evaluated their works with the rubric in each activity throughout the
semester. The rubrics were used in the study for all of the weekly activities of the
lesson. Each activity has a rubric and teacher of the class evaluated the programming
activities by using the items on the rubric. Since the rubric criteria were presented on
the board and the teacher explained to the students, they knew how they get points or
lose points.

Step 2 (Week2-Week3-Week4 of the Course)
The lessons plans 1 and 2 and 3 were implemented with the students in week?2,

week3 and week4. The programming activities included basic code blocks about the
Scratch programming environment. The lesson plans for the activity, topics, and
rubrics were taken from the official web site of the Scratch programming
environment which is prepared open source platform for the programming lessons of
the students. Before starting the activity part of each lesson, the teacher implemented
some example projects with their students. The teacher assessed the performance
with the rubric which was also taken from open source platform of Scratch. The
rubrics were presented on the smart board. Thus, students could see the evaluation

criteria in this way.

The first three lessons plan focused on the code blocks applications of programming.
The design of the Scratch programming environment was not important for the three
programming activities. The students got point with the code blocks usage. The
students created similar code platforms in the second and third programming

activities.

In the 3" programming activity, the teacher firstly evaluated the students’ works
according to rubrics. Moreover, another teacher came to the classroom and she also
evaluated the students’ activities according to rubrics. Two instructors were
evaluated the programming activities to provide reliability of the study. The teacher
accustomed to the Scratch projects because she also taught computer programming to

her students.

After the third activity completed the first implementation of confidence scale was
applied to the students. The reason why the scale was implemented in this week was
that the 4™ programming activity included the topic of designing the programming

environments so the researcher prevented the possible confusion of the students
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about programming. The researcher thought that starting the 4™ activity might affect
the students’ responses on the confidence scale because the 4™ activity did not
include any code blocks. Since the students were 5 grader, they did not have any
experiences about filling 5 point Likert Scale. Thus, the teacher explained them how

to fill the scale.

Step 3 (Week5-Week6-Week7-Week8-Week9-Week10 of the Course)
In week 5 to 9 the lesson plans of Scratch were implemented to the students weekly.

The lesson plans included programming objectives for each lesson. Teacher used the
first exercise in the lesson plan to teach the programming concepts. After that
students applied the activity which is showed on the screen of smartboard. They
worked as the rule mentioned in step 1. The weekly lesson plans were prepared on
the basis of basic programming concepts to complicated ones so students completed
the activities different time period and quality. In the first lesson of each week,
students learned different code blocks. They also gained some design skills and
programming skills in each week.

In the 7" week of the course, the activity was evaluated using the same rubric by two
teachers again. Firstly, students completed the activity of 7" week and teacherl
measured the activity by using the rubric. After that tracher2 came to the class and

evaluated the students” works one by one.

In the 10™ week of the course, the last activity was completed by the students and
they had knowledge about several programming concepts and codes. After the 8"
activity was completed, the scale was administered by the teacher at the end of the
lesson. They filled the confidence scale easier than first implementation because in
the first implementation, they did not know how they to fill the 5 point Likert Scale.

At most, the students completed the scale within 30 minutes.

Step 4: (Week11, Week12 of the Course)
In the 11" and 12" week of the semester, the teacher continued Scratch activities

with the students to reinforce their knowledge and skills in programming and provide
feedback for any difficulties the students were having. In these weeks, the teacher
conducted the interview protocol of the study. The interview time was determined
according to schedule of the classroom. The time of the computer literacy course was

the last two hour for the class so the teacher interviewed the students after the course
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ended. The computer laboratory and libraries of the school were used for the

interview. The interviews were conducted with individual students.

Step 5: (Week13 of the Course)
In the last week, teacher summarized the programming activities weekly by creating

a pong game in the Scratch programming environment and the students played the

game that they created in Scratch.

3.5.2 Implementation of Pair Programming Technique

The pair programming technique required students to work together on the same
computer, keyboard and mouse during the programming process. Each pair had roles
“driver” or “navigator” and the roles of the students could be changed different time
periods while creating codes. Changing roles in the pair programming technique
provided to gain different experiences in computer programming. According to
Rostaher and Hericko (2002) the frequency of changing the roles in pair
programming depended on the programming experience of the students. In the
present study, the time of changing roles was determined as 2 weeks for pair
programmers because the 5™ grade students had no experience about programming
and pair programming technique before. Working the same role in two weeks
facilitated to implement pair programming technique in this age group. In the study

the pair programming technique was implemented in the course as follows;

1. The role of the driver and navigator was assigned to the pair programming
groups. The teacher reminded the students that they had to switch their roles
every two weeks. They worked together by communicating each other and
they had to be active in programming process.

2. The teacher observed the adaptation of the pair students in the first week.
Since the pair groups were assigned randomly, the observation was necessary
for seeing that each pair worked accordantly.

3. The teacher observed all of the students in the class whether they worked for
programming activities or interesting in doing other things in the lesson. The
teacher also checked the role of the students by using a student list weekly.

4. To prevent the attendance problem of students in pair programming, teacher
reminded the students that they will lose points when they do not attend to the

class.
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5. The students did not get any help from their teachers during the activities so
they had to work individually or with their partners. Teacher gave feedback to
their students after the programming activities completed.

6. The teacher reminded the students about importance of learning the usage of
code blocks in activities because the usage of code blocks helped them in their
project work and their exam. The passive students could be reported by their
partners immediately. This was also beneficial to prevent the unbalanced
workload among the pairs in pair programming technigue.

7. The pair programming students were informed that they needed to work with
their partner to achieve a given goal. If one of the pairs did not care about the
activity, the teacher reminded them that both of the students had to take the
same responsibility.

8. Teacher also stated that she will not answer the questions of the student in
programming process; the pair programming students had to talk each other to
achieve the solution to their problems. The role of the teacher in pair
programming technique implementation was encouraging the students and

observing them during the programming process.
3.6 Data Collection Instruments

In the study, there were different types of instruments to collect data for case study
research. Yin (2003) suggests that several types of data collection sources for the
case study research such that documents, archival records, interviews and
observation and physical artifacts. Moreover, Yin (2003) adopts the both qualitative
and quantitative approaches for the case study. In the embedded case study design
both qualitative and quantitative knowledge was integrated and analyzed in the
research. The design also allows using both qualitative data sources like interview
and quantitative data sources such as surveys and questionnaires (Scholz & Tietje,
2002).In the study, 5 point Likert confidence scale, achievement rubrics, and

interview protocol were used for data collection instruments.
3.6.1 Confidence Scale

The main purpose of the scale was gaining quantitative results for the programming

confidence of the students with the usage of the pair programming technique.
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Wiebe, Williams, Yang, and Miller et al. (2003) developed a scale that measures
attitudes towards computer science and programming. The origin of the scale is a
mathematics attitude scale developed by Fennema in 1976. The scale was modified
to reflect the pair-programming attitude of the university students. It had several sub-
scales and the confidence was one of them. The 5 point Likert type scale includes 11
questions for the confidence variables of the study with strongly agree to strongly
disagree. The confidence scale consists of both negative and positive statements. The
Cronbach’s alpha level of the confidence part of the scale reported as 0.91 (Williams
et al., 2003). In this present research, these 11 items in the confidence scale was
used.

The numbers of the items were increased by adding another confidence scale at the
end of the first scale, in order to increase reliability. Moreover, since the ages of the
students were small in this study, increasing the number of questions provided to get
more consistent answers from the 5™ grade secondary school students in the study.
For this purpose, the second scale was combined to the first one, given one after
another. The second scale was developed by TIMMS and PIRLS (2011) international
study center in Boston College for mathematic education. The items in the scale
translated into Turkish by Minister of Education (MEB, 2011) and the confidence
scale was implemented to 8" grade secondary school students in Turkey. This scale
had been implemented in several countries including Turkey and the analysis and
validation made by the TIMMS and PIRLS. The results of validation of confidence
scale were published in the web site of the International Study Center. The
Cronbach’s alpha level of the scale was found 0.87 for Turkey (TIMMS & PIRLS,
2011). The scale includes 9 questions for the confidence level of mathematics lessons
of 8" grade students for several countries. These 9 questions were added to the

previous scale of 11 items to collect data in the present research study.

The reason of choosing the mathematic confidence scale was that the items in the
scale were similar with the Williams’ programming confidence scale. Both of the
confidence scale included some negative items. Moreover, the origin of William’s
programming confidence scale was also came from mathematic attitude scale, so
combining these two scales was appropriate in terms of their origins. The first
improvements in programming for the children started by creating Logo
programming environment for teaching mathematic (Feurzeig, Papert & Lawler,
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2011). Moreover, Byrne and Lyons (2001) resulted that the strong relationship was
occurred between the programming and mathematic attitudes of students that the
mathematic was important priority for learning computer programming. Gaining
mathematical knowledge also provided to gain stronger programming ability for
secondary school girls (Wiest, 2004). Mathematic was stated as prerequisite for
gaining programming skills. The studies in the literature also resulted that computer
programming enhanced the mathematical thinking skills (Denner, Werner, & Ortiz,
2012; Fessakis, Gouli, & Mavroudi, 2013; S He, Chang, & Liu, 2010; Saez-Lopez,
2016; Kalelioglu, 2015). These studies showed that there was strong relationship
between the computer programming and mathematic for the education of children.
Since mathematic and computer programming had strong relationship, the
mathematic confidence scale was used for the study.

In combining the two scales, a few changes were made for the new confidence scale.
First of all 11 items programming confidence scale used as in original format. On the
other hand, in the 9 items scale, the only changing was done in the word of
“Mathematic” because the scale was measured mathematic confidence. The
“Mathematic” word was changed by “Programming” for this study. Since the
language of two confidence scale was in English, the items of the instruments were
translated into Turkish. In order to provide consistency on the translation of the
items, the translation was checked by two English teachers who worked in the
Yenikent Ilksan public school and who graduated from the department of Foreign

Language in METU. Back-to-back translations were checked by the content experts.

The quality of the 20 items in the questionnaire was also tested with four students
with similar backgrounds and educational levels as the original participants. Using
Think-aloud procedure, students were asked to read each item and tell the researcher
what they understood from the item and gave feedback about whether the item was
clear. The content validity of the instrument was further checked from two
instructors who have expertise in the field of Computer Education and Instructional
Technology department in METU. For the scale, the items were examined by the
faculty and they give their opinion about whether the items in the scale are
representative or not. The items in the scale did not changed and the experts stated
that the scale was representative for measuring the programming confidence. Content

validity of the scale was approved in this way. Cronbach alpha of the final 20 items
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of 5 point Likert confidence scale was also calculated. The Cronbach alpha was
ranged between 0.81 and 0.88 for two implementations.

3.6.2 Interview Protocol

The semi-structured interview protocol was designed according to the needs of the
research. The aim of the semi-structured interview of the study was getting in-depth
information about programming confidence and programming achievement level of
students on the experiences of the pair-programming technique in Scratch

programming environment.

The questions of the interview were prepared for two different sections as 1)
individual programming participants’ interview and 2) pair-programming
participants’ interview. The interview questions were asked to the participants to
gain in-depth information about the various experiences of individual and pair
programmers in 8-week implementation regarding their confidence and achievement
level in programming. The Think-aloud procedure was used for testing the prepared
questions. The questions were asked to the 4 students from 6™ grade programming
class students in order to check the understandability of the questions. The students
reported what they understood from the questions. Then, the interview questions of

interview were revised according to students’ feedback and responses.

There were 5 main questions for pair and individual groups’ interview protocol. The
questions included both achievement and confidence. The content of the questions in
two different interview sections (pair and individual) were matching with each other.
The only difference was the issue of working in pairs or individual while doing
programming. The results of the interviews were integrated and compared with other
data about students’ confidence (collected by the questionnaire) and achievement
(evaluated by rubrics). In the interview, the students were asked their own opinions

about their confidence and achievement.

The questions were checked by one computer science teacher who is working in the
same school of Yenikent Ilksan public school and a faculty in the university in order
to provide content validity of the interview. Provided feedback was about revision of
some sentences for easier understanding according to students’ age and level, making
some questions more open-ended, and replacing the possibly biased sentences. The

final version of interview questions was analyzed for the content validity by two
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content experts again in METU. The Human Subjects Ethics committee of the
METU was also approved the interview protocol. Since the ages of the participants
were small, the permission for conducting the interview was taken from the parents
of the participants. The verbal permission was also taken from the participants before

starting to interview.
3.6.3 Lesson Plans and Rubric

In the study, the programming lessons were taught according to lesson plans which
were developed by Irish Software Engineering Research Centre. The Centre has been
working for the students to encourage students to develop and discover computer

programming and software development in Scratch learning environment since 2007.

The lesson plans were prepared from simple programming concepts to difficult ones.
Each lesson plan included topic of the lesson, learning objectives, teacher tips,
introduction part, programming concepts for the lesson (description of the code
blocks and usage of them), challenge timel and 2 and ultimate challenge time. The
lessons plan provided making several exercises on the programming software. Thus,

the students could gain a lot experience in their programming lessons.

To make a valid measurement for the performance of students in programming
lessons, the rubrics were used as a measurement tool. The items in the rubric were
also designed by Irish Software Engineering Research Centre. The measurement
items were constructed according to sequence on the lesson plan. Thus, the
achievement of the students on the activities could be measured with this tool
accurately. The rubrics were translated into Turkish because to conduct inter-
observer reliability, another teacher was asked to use the rubrics and the teacher did
not know English. The items of the rubric were translated and checked by two
experts in the field of Foreign Language Education-English. The items were also
checked together with the other computer teacher to make sure the items were
understood by the teachers as the same way. Finally, a content expert in the field of
Computer Education and Instructional technology reviewed the rubrics and

improvements were made.
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3.7 Data Collection Procedure

Table 3.1 Data Collection Process

Course Other Data

Week Implementation Rubrics Collection

Week 1

Week 2  Implementation Scratch Lesson 1 Rubric 1

Week 3 Implementation Scratch Lesson 2 Rubric 2 Second Teacher
Evaluation

Week 4  Implementation Scratch Lesson 3 Rubric 3 Confidence Scale

Week 5 Implementation Scratch Lesson 4  Rubric 4

Week 6  Implementation Scratch Lesson 5 Rubric 5

Week 7 Implementation Scratch Lesson 6  Rubric 6

Week 9  Implementation Scratch Lesson 7 Rubric 7 Second Teacher
Evaluation

Week 10 Implementation Scratch Lesson 8  Rubric 8 Confidence Scale

Week 11 Scratch Activity Interviews
Week 12 Scratch Activity Interviews
Week 13 Summary and Game

Data collection of the study includes two types of the data collection procedures.
First procedure is quantitative data collection which uses the instruments of
confidence scale and achievement rubrics. The programming confidence and
achievement of the students were collected via these instruments. Second procedure
is qualitative data collection procedure which collects the data via interview protocol.
The semi-structured interview protocol was used since the age of the students are

under eighteen. Table 3.1 summarized the data collection process.

Before collecting both qualitative and the quantitative data, the researcher consulted
the Ethics Committee of the METU and got permission for applying these
instruments to the students. The necessary forms for the study were prepared
including parents’ approval form and voluntary participation form. After the Ethics
Committee gave the permission for the research, the other permission was also
received from the Ministry of National Education. The reason of why the permission

was taken from the Ministry of National Education is that the participants of the
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study are the secondary school students in a public school. The parents of the
participants also signed the parents’ approval form in order to collect data from their
children. All of the parents were informed about the procedures and the topics of the
study in the parent teacher meeting. Thus, all of the permissions were taken for

conducting the study.
3.7.1 Quantitative Data Collection Procedures

The confidence scale and the achievement rubrics were used for the collection of the

quantitative data of the study.

The confidence scale: The programming confidence of the participants was
measured with the instrument of the 5-point confidence Likert scale. The scale was
planned to be applied two times in the semester (table 3.1). The semester included 13
weeks for the programming activities. First implementation of the confidence scale
was applied at the end of the third programming activities. The reason why the
confidence scale was not applied before starting the activities was that, the students
were not familiar with programming and the Scratch environment. Since the students
did not have any information about the programming and programming
environments, the teacher applied after the third lesson of implementation, before
starting the 4™ lesson.

In the third week, 30 minutes was used for the implementation of the instrument. The
principal of the school approved the schedule change in the class schedule. The
students were informed about how they fill the scale because the type of the scale
was different for the students. After all of the explanation was made clear, the
students filled the scale and the researcher collected the confidence forms by
checking whether there were empty questions or not. Since the ages of the students
were small they were inclined to give empty answers. They might lose their focus

while filling the confidence form.

The second implementation of confidence scale was made in 10" week of the
semester after the end of the completion of the activity. The reason why the time was
chosen for implementation was that all of the programming activities were completed
and students had in-depth information about computer programming. The other
reason behind the implementation scale was that the pair programming technique

was used throughout the semester and the students experienced more programming
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activities with their partners or individually. Getting more experience in the
programming lessons with the pair programming technique was needed to achieve
in-depth information to the students so the scale was conducted in 10" week of the
semester. The instrument was not applied at the end of the semester because toward

the end of the semester the students tend to have fewer attendances to the school.

The time also planned by the researcher according to the curriculum of the
classroom. The instruments were also implemented in different lesson by getting
permission of the teacher of the lesson and school manager. The students did not
need information about how they fill the scale. The scale was implemented

approximately 30 minutes. For both implementations, all 35 students participated.

Achievement rubric: The programming achievement of the participants was
evaluated with the instrument of the achievement rubrics which were prepared by
Irish Computer Center for the Scratch learning environment. The lesson plans and
rubrics were used according to structure of this Center. The achievement rubrics
were implemented 8 week of the semester (from week 2 to 10). The teacher taught
the programming lessons according to weekly lesson plans of the Irish Computer
Center. Teacher gave some information by following the steps in the lesson plan. The
lesson plans included two challenge activities so the teacher made the first challenge
activity of each week by informing the students about the usage of the codes. The
second challenge activity was completed by the students who worked as pairs or

individuals in each week.

The pair groups and individual working students were assigned at the beginning of
the semester randomly. The teacher as a researcher organized the classroom
environment according to needs of the pair programming technique. To get accurate
and deep information about the usage of the pair programming technique, the teacher
informed to their students that each student worked according to their group type and
pair groups could discuss and work with each other but the individual programmers
could not get any help from their classmates. The teacher did not answer the question
of the students in both individual and pair students until the activity ended. After the
activity of the lesson completed, the teacher answered their questions and gave
feedback to the students.

51



At the beginning of lesson, teacher presented the activity to the students by using the
smart board in the computer laboratory. The rubric of the activity presented on the
board and the teacher informed the students 10 minutes about the items of rubric and
the programming activity. After all the information was given to the students, teacher
gave 30 minutes for students to complete the activity. During the time teacher
observed their students. Since the time of the lesson was 40 minutes, the teacher used
their 15-minutes break time for evaluating the students’ performances. In order to
make accurate evaluation teacher saved the activity files of the students and she re-
examined them later in detail. Their files were collected as a name and week number.
For example, pair groups save their activity as
membernamel membername2_week1. This type of saving of the project facilitated
the evaluation of the teacher. The attendance problem occurred while collecting data
in some weeks of the implementation. However, the numbers of un-attending
students were only 4 students (2 individual students and 2 pair students) throughout
the semester and they did not attend the programming activities a few weeks during

the semester.
3.7.2 Qualitative Data Collection Procedures

The interview protocol was applied at the end of the implementation procedures to
explore students’ experiences regarding the research questions of this study. To make
the interview more comfortably and to give the sincere answers from the participants,
small-talk and warm-up questions were used and the teacher made sure that the
students are relaxed and comfortable answering the questions. Although the
participants were accustomed to their teacher (or researcher), the interview started
with the some talks to create comfortable interview environment. After this point, the
aim the interview and the general information about the interview process were
explained to the participants. The interviews were recorded with the digital voice
recorder on the condition that the permission of the participants. During the
interview, it was observed that the students were not bothered about the voice

recorder.

The interview questions of the study were separated into two groups which were
individual interview questions and pair-group questions. The questions were asked
according to group type of the students. The questions for both group of interview

protocol aims to get in-depth information about the confidence and achievement of
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the programming skills of the secondary school students. The interview was
implemented in an empty and silence rooms in the school (Computer laboratory and

library) to record the quality voice and achieve the deep information about the study.

Since the interviews were conducted in the last two weeks of the semester, the
teacher planned the interview hours according to the volunteer students’ position in
the attendance sheet. Although the number of the students in the classroom was 35,
in week 11 and week 12, only 20 of these students were accessible and volunteer for
the interview of the study. Each of the interview session took approximately 8
minutes. Summary of the interviews demonstrated in Table 3.2. The absent students’
and the interviewed participants’ rubric scores were compared and the results showed
that these students are not different. The average score of 35 students on rubrics was

M=72.02 and 20 interview participants’ average rubric scores was M= 71.85.

53



Table 3.2 Summary of the Interviews

Group (P) or

Student individual (I) Gender Age Duration Place
Stl I F 10 09.19 Computer laboratory
St2 I M 11 06.45 Computer laboratory
St3 I F 11 07.11 Computer laboratory
St4 I M 11 06.22 Library
Stb I M 11 06.43 Library
St6 I F 10 08.08 Computer laboratory
St7 I F 11 08.03 Library
St8 P F 11 09.58 Library
St9 P F 11 07.04 Computer laboratory
St10 P F 11 06.37 Computer laboratory
Stl1 P F 10 05.30 Library
St12 P F 11 06.09 Library
St13 P F 11 06.16 Computer laboratory
St14 P F 11 04.10 Computer laboratory
St15 P M 11 06.15 Computer laboratory
St16 P M 10 06.11 Computer laboratory
St17 P M 10 05.02 Computer laboratory
St18 P F 11 04.42 Computer laboratory
St19 P M 11 05.37 Computer laboratory
St20 P F 10 04.18 Library

3.8 Data Analysis

In this part of the study the researcher analyzed the qualitative and quantitative data
which were collected from different type of the instruments. To analyze the
qualitative data, content analysis was used as the data analysis method. On the other
hand, independent sample t-test, Mann Wilkson-U test, and descriptive statistics
were used as the data analysis method for quantitative data.
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3.8.1 Qualitative Data Analysis

Content analysis was utilized for analyzing qualitative data obtained from interview
of pair programmers and individual programmers. In content analysis, the steps
proposed by Yildirim and Simsek (2008) were followed. They are coding the data,
searching for themes, organizing the data according to codes and themes and
defining, interpreting the findings and producing the report (Yildirnm & Simsek,
2008).

Before started to analyze the data coming from the interview of 5" grades
programmers, the voice records of the interviews were transferred to the computer
and the researcher checked the quality of records one by one. The recordings were
listened several times to transcribe the data accurately. The sentences of the students
were transcribed and read by the researcher to understand the participants’ answers
clearly. According to Yildirim and Simsek (2008) the content analysis requires the
achieve codes and themes to understand the meaning of the data. The researcher
listened the records of the students and read transcriptions to create the codes for the
data. After that the codes were classified according to their relationships in the data
set so the themes were created by the researcher by checking whether the meaningful
code groups were under the appropriate themes or not. Then the themes and codes
were organized and defined by the researcher in terms of programming achievement
of pair and individual groups and programming confidence of pair and individual
groups. The results of the content analysis were reported by the researcher in the
result part by giving the comments of participants in the form of Turkish and

English.

As presented in the “Quality of Research” section below, part of the qualitative data
were analyzed by two researchers separately, themes and categories were developed,
and they were compared and combined to increase the reliability of the qualitative
data analysis results. Among 20 interviews, 2 interviews were inter-coded (10%).
The researcher, then, continued analyzing the rest of the data and made revisions
with the introduction of each new student’s interview data. The saturation has been
achieved for the pair programming students’ (N=14) interview while examining 8"
student’s data. The saturation has been achieved for the individual programmers’

(N=7) interview while examining 4" student’s data that the categories and themes
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were defined and clear, and there were no new data coming from the rest of the

interviews.
3.8.2 Quantitative Data Analysis

Quantitative data obtained from confidence scale and achievement rubrics were
analyzed according to properties of data type.

The items in confidence scale included both negative and positive items. The
negative items in the confidence scale coded by reverse coding to validate the items
in confidence scale. In confidence scale, Q6, Q7, Q8, Q9, Q10, Q13, Q14, Q16, and
Q20 were negative items. While implementing reverse coding for these items, the
points of the items were changed with the points of (1-5), (2-4), (3-3), (4-2) and (5-1)
for the 5 point Likert type confidence scale. After this, Independent sample t-test was
used in order to see the significance difference of programming confidence of pair
programming students and individual programming students for two application of

pre-test and post-test.

The data collected from the achievement rubrics in 8 weeks programming activities
were analyzed with the independent sample t-test and Mann Whitney U-test
statistical method to understand whether there was a meaningful difference between
the groups. Both of parametric and non-parametric tests were used for programming
achievement variable because of violation of the normality assumptions to confirm if

they provide the same results.

This study is not experimental and the quantitative data were used only to
supplement and triangulate the results of the interviews. The intention of this
research is not to strictly differentiate two groups, but rather to understand their
experiences of being in a classroom with both individual and pair students working
on the same activities under the same conditions. Most importantly, the research
intended to understand the advantages and disadvantages of using pair-programming
technique on pair students. Therefore, the analyses of quantitative data were only

interpreted in the light with interview data.
3.9 Quiality of Research

The validity described as “meaningfulness, appropriateness and usefulness of the

inferences researchers make based specifically on the data they collect, while
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reliability refers to the consistency of these inferences over time, location, and
circumstances” (Fraenkel, 2012, p.458). Moreover, the reliability is defined as
“repeatability and consistency of the findings over time” (Twycross &Shields, 2004,
p.36).

The term of validity and reliability are used in the quantitative research (Creswell,
2007). In the qualitative studies the term “Trustworthiness” is used as alternative
terms of validity and reliability (Lincoln & Guba, 1985). According to Lincoln &
Guba (1985) the terms of Trustworthiness includes credibility, transferability,
dependability and confirmability. The terms of credibility, transferability,
dependability and confirmability named in the quantitative study as internal validity,
external validity, reliability, and objectivity (Merriam, 2009; Marshall & Rossman,
1999).

Since the method of the study was case design, the terms trustworthiness was used
for checking the quality of the study. Each of the terms under the trustworthiness

includes criteria for providing the quality of the study.
3.9.1 Credibility

The credibility refers to internal validity in the quantitative study. Miles and
Huberman (1994, p.5746) defined the credibility issue as “confidence in the 'truth' of
the findings”. To provide the credibility issue, Creswell (2003); Lincoln and Guba
(1985) suggested some procedures including that prolonged engagement, pair

debriefing, and triangulation.

Prolonged engagement is a procedure that researcher spends adequate time with the
participants in the social and cultural context of the phenomenon to facilitate
constructing relationship between the researcher and participants (Lincoln & Guba,
1985). In the study, the researcher was also the computer literacy teacher of the
students and she spent the two hour of each week throughout the two semesters. At
the beginning, the students and teacher did not know each other closely but after a 4
week the students and teacher accustomed to each other. The researcher (as teacher)
actively participated every session of the lesson with the participant and the data
were collected in the second semester to gain the trust of students and to collect more

information about the properties of participants and the environment during the first
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semester. Researcher was also active in the development and design of the lesson

during the two semesters.

Triangulation is a procedure that combines different data sources to increase the deep
understanding of phenomenon (Miles & Huberman, 1994). In the study, the
confidence scale, interview, and achievement rubrics as various data sources were

combined to get deep understanding of the case.

Pair debriefing is a procedure that a pair or pairs who knows the subject and the
methods of the study and ask question about the meaning of the study, method, and
data analysis process to make the researcher interpretation honest and expand the
researcher horizons (Lincoln & Guba, 1985; Merriam, 2009; Glesne & Peshkin,
1992). In the study three pairs contributed to the study. One of the pairs is MS
students in the Computer Education and Instructional Technology department in
METU, the other one is Ph.D. student in the same department. Third pair is computer
literacy teacher in the Yenikent Ilksan secondary school. All of the pairs knew the
method and the topic of the study and periodically they asked the questions about the
study.

3.9.2 Transferability

Transferability refers to applicability or transferability of the result of the study in
other settings. The term transferability refers to external validity in quantitative study
(Merriam, 2009). Since the case study explores a phenomenon with bounded system,
the result is not appropriate for the generalization. Although the transfer or
generalization of the case study findings is limited, Marshall and Rossman (1999)
stated that the results of the case study can be generalized to different research
studies. Transferring or generalization of the qualitative result of study in other
context is possible with the technique of thick description. Lincoln and Guba (1985)
presented a thick description technique for providing transferability of the qualitative
study. Thick description is defined as giving detail information about the
phenomenon, context of the study to facilitate the transferability of the results to the

other settings of the study (Holloway, 1997).

In this qualitative research the context, assumptions, limitations, participants, data
collection and analysis procedure were described in a detailed way to provide the

transferability of the study to the different contexts. The thick quotations were also
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provided in the results of the study. With the detailed description of the study, other
researchers can decide whether the transferability of the research is appropriate for

their research settings or not.
3.9.3 Dependability

The dependability refers to reliability in the quantitative study (Lincoln & Guba,
1985). The dependability was checked with inter-rater reliability, and pair

examination in this study.

For the quantitate part of the study, the reliability of quantitative data was provided
by checking the inter-rater’s measurements. The two instructors measured the
programming achievement of the pair and individual students by using achievement
rubrics. The two of eight-week implementations were measured by two teachers. The
similarity of first rating was found 82% and the second rating was also found 87%.
According to Cohen’s Kappa (1960), 0.81-1.00 is perfect agreement between inter-
raters. Thus, the agreement of the inter-raters was found perfect for the study.

For analyzing the interview data, another M.S. student volunteered to conduct
content analysis of the interviews. The researcher informed her partner about the aim
and process of the present research. Since both the researcher and the partner were
experienced in content analysis, they coded the interviews separately and developed
categories and themes. As a sample, the partner analyzed 2 interviews (individual
and pair student’s interviews) and developed themes and categories. Then they came
together to compare and combine the categories and themes. The codes were mostly
similar for both coders but there were also a few differences. The similarities and
differences were examined for both of the interviews and the two coders discussed
on the different codes and revisions were made. Therefore, for 20 interviews, initially
2 interviews were conducted with a pair to develop the main categories and themes
(10%), and the rest of the data were then analyzed by the researcher herself. If
needed additional themes, categories, and sub-categories were added with each new

students’ data.
3.9.4 Confirmability

The confirmability refers to objectivity in the quantitative study. The confirmability
issue of the qualitative study is defined as neutrality of the result of the study did not
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include the biases, interests of the researchers (Lincoln & Guba, 1985). Marshall and
Rossman (1999) stated that the findings should reflect the phenomenon or
participants not be “fabrication” form the “bias and prejudice” of the researchers. To
provide the confirmability of the case study Lincoln and Guba (1985) suggested that

the reflexivity and triangulation issues.

Reflexivity issue is checked for the process of research deeply because of the bias,
interests, past habits and role of the researcher may influence the findings of the
results (Malterud, 2001). In this study the possible biases and researcher role are
explained in the section of researcher role in a detailed way to provide confirmability
of the study. Moreover, the researcher kept a diary throughout the research to record
all of the steps such as participants’ selection, data collection, comments of the
participants in the lectures and the comments of the researcher in the study to make

sure the research has been reported accurately.

Triangulation is also a procedure for checking the confirmability of the qualitative
study. Triangulation is explained as using different data sources to increase the
confirmability of the study (Merriam, 2009; Miles & Huberman, 1994). Combining
different data sources facilitate not only the deep-understanding of the phenomenon
but also to compare the findings for more accurate representation of the results. In
the study, multiple data sources such that interview, confidence scale, and
achievement rubrics were used. The data obtained from several resources are

compared and combined for triangulation.
3.10 Researcher Role and Possible Biases

The researcher has conducted the whole research process including implementation,
data collection, data analysis, and reporting. The researcher was the computer
science teacher of the class. The students were accustomed to the researcher which
increased the rapport we have with each other and increased the chance of receiving

honest responses from the students.

The motivation of the teacher about programming may affect the result of the
measurement of the students. Since the researcher is a teacher of computer literacy,
the researcher provided that every child is able to learn programming. This may
cause a possible bias because every student has to learn programming and their

achievement, motivation and confidence should be high. To prevent this personal
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bias, instead of using the teachers’ own teaching materials and lessons, the researcher
used lesson materials that were designed by Irish Computer Center for Scratch
learning environment. Using prepared lessons and materials by an Irish Computer
Center provided more structured lessons for the research and reduced the possible

biases.

The application of the instruments and the measurement process were important for
the accuracy of the study. Therefore, to prevent the bias of the researcher, the teacher
wrote every step in the process in a diary of preparing materials that she changed or
translate in the lesson plans, rubrics and the confidence scale. Moreover, the
researcher as a teacher implemented all of the plans and activities as reported in the
data collection procedure section to provide accurate data collection.

As a researcher, the teacher also consulted several experts on the computer literacy
lessons in the school. One of the teachers helped the researcher during the study to
evaluate student’s activities using a rubric for 2 weeks. The teacher’s other role in the
study was examining the data collection instruments to give some advice. The
teacher especially gave her opinions on interview protocol and the programming
lesson activity rubrics. Another M.S student helped the researcher with analyzing the

interview data for inter-coder reliability.
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CHAPTER 4

RESULTS

In this chapter, the results of the study are presented based on the research questions
of the study. The preparation of data and assumptions, the findings of data which are
1) Programming confidence of students 2) Programming achievement of students 3)
Emotions of students during programming process, comparing, combining and
summarizing the result, and reflections of the researcher as the teacher during

implementation are presented in this chapter.
4.1 Preparation of Data and Assumptions

The qualitative data were gathered from the interviews of pair and individual
programmers. After data collection procedures ended, the researcher transcribed the
interviews of both individual and pair students’ records. All of the voice records
listened and written textual format to facilitate content analysis process. The name of
the students and their demographic information were omitted from the textual format
because of the ethical consideration. The name of the individual students deleted and
the students were symbolized by “S” with following id number (S1, S2, etc.). The
name of the pair students were also symbolized by “P” values with following id
numbers (P1, P2, etc.). The data were shared by the inter-coder by omitting the
personal information. The researcher listened to the records several times to check
the data transcriptions of each student. Then, the researcher prepared the Microsoft

Excel sheets for the themes and categories of the students.

After the data were collected from confidence scale the 5 point Likert scale items
were transferred into SPSS 22.0 file in numerical format. The achievement rubrics
were also transferred into SPSS file for 8-week implementation. The data of both
achievement rubric and confidence scale were checked by the researcher before

analyzing the data. The missing values of the confidence scale and achievement
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rubrics were also checked before the analysis. The researcher checked the missing
values by using descriptive statistics. There was no missing value in the confidence
scale data set. However, the achievement rubric data set included some missing data.
There were 4 participants who did not attend to the class in one of the weeks out of 8
weeks. The researcher used single imputation method that was replacing the missing
value with sample mean for these 4 participants.

The Independent sample t-test was used for the analysis of the quantitative data.
According to Green and Salkind (2004) the statistical test of Independent Sample T-
test required some assumptions including normality distribution of test variables,
homogeneity of variances. The homogeneity of variances for confidence independent
variable tested by the Levene's Test (See Table 4.4). The result showed that the
homogeneity of variances was provided with the values of F= .10, and p= .74. The
result showed that the variances were equal for confidence variable. However, the
homogeneity of variances for achievement independent variable was violated with
the values of F=6.72, and p=.01.

The normality assumption was tested by Shaphiro- Wilk test. The S-W test suggested
that the dependent variables (confidence, achievement) were approximately normally
distributed for two dependent variables. The Table 4.1 showed the result of Shaphiro
— Wilk test. Moreover, the Q-Q plots and histograms were also checked for the
normality assumptions. The normality was provided by the histograms and Q-Q plots
(See Appendix A).

Table 4.1 Tests of Normality

Shapiro-Wilk
Statistic df  Sig.

achievement

individual 0.87 13 0.06

pair 0.78 22 0.00
confidence2

individual 0.95 13 0.74

pair 0.92 22 0.08
confidencel

individual 0.89 13 0.12

pair 0.98 22 0.99

Note. Confidencel= first implementation of confidence scale;
Confidence2= second implementation of confidence scale)

64



According to Shapiro Wilk test results in Table 4.1 the pair independent variable had
the value of p= .00, therefore the normality assumption was violated for achievement
dependent variable. However, the normality assumption was provided for the
individual programmers in the same achievement variable. According to Green and
Salkind (2004) the “data for an independent-samples t test can also be analyzed by
using nonparametric procedures” (p.173). Moreover, when the normality
assumptions were not met, the non-parametric tests might be more powerful (Green
& Salkind, 2004). Since one of the independent variable was normally distributed but
other one was not, the non-parametric Mann Whitney U- Test was also conducted to
support the result of Independent t test for the achievement dependent variable.

4.2 Programming Confidence of the Students
4.2.1 Quantitative Results for Programming Confidence of the Students

The result of the programming confidence was presented in this part of the study.
The descriptive statistics of each item was showed in Table 4.2. According to result
of descriptive statistics for programming confidence variable, the mean score of first
implementation confidence scale ranged from 1.77 to 4.54 for pair students and 1.53
to 4.61 for individual programmers. Item 2 (see Table 4.2) was the highest mean
(M= 4.54) that was about “I am sure that I can learn programming”. The pair and
individual students’ means were differentiated in item2. While the pair students
believed more that they can learn programming, the mean of the individual students
was lower than pair programming students for this item. Moreover, in the descriptive
results of the programming confidence variable the confidence of solving complex
programming problems evaluated in items (item3 and item 17). The results suggested
that individual students’ mean scores were closer to pair students’ in the first
implementation of confidence scale. However, in the second implementation
individual students’ mean scores decreased for the item3 and item17. The individual
students’ confidence decreased in the solution of complex programming problems
throughout the 8 week implementation. In the first implementation of confidence
scale the mean of positive items mostly high for the pair and individual students but
the individual students’ mean scores decreased with the second implementation. In
general, pair programming students’ means were higher than individual students’ in
both implementations. At the first implementation, pair and individual students felt

confident about taking good grades from programming but the means of individual
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programmers decreased at the second implementation (item4). The confidence of the
pair and individual students were higher at the beginning, in the item 5 the means of
the both pair and individual students were high but in second implementation the
confidence of both students decreased. The decrease of individual students’ mean
was higher than pair programming students for the item 5. According to descriptive
statistics in Table 4.2, the total means of both pair and individual students were
closer to each other in the first implementation. However, the means were
differentiated in second implementation. The confidence scale total mean for pair
students increased but the individual students’ total mean score decrecased at the

second implementation.
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Table 4.2 Descriptive Statistics for Programming Confidence

L9

Pair-Programmers Individual Programmers
Confidence 1 Confidence 2 Confidence 1 Confidence 2
Items M (SD) M (SD) M (SD) M (SD)
1. Bilgisayar alaninda iist diizey ¢aligmalar yapabilecegime eminim. 3.86 (0.71) 4.40 (0.66) 4.15 (0.89) 3.30 (0.85)
(I'am sure that I could do advanced work in computer science.)
2. Programlamay1 dgrenebilecegime kesinlikle eminim. 4.54 (0.85) 4.63 (0.58) 4.61 (0.76)  3.76 (0.92)

(I am sure that | can learn programming.)

3. Daha zor programlama problemlerinin {istesinden gelebilecegimi diisiiniiyorum. 3.68 (0.94) 3.90 (0.75) 3.84 (1.14) 3.07 (1.18)
(Ithink I could handle more difficult programming problems.)

4. Programlama dersinden yiiksek not alabilirim., 4.04 (0.84) 4.54 (0.50) 4.15 (1.06) 3.61 (0.65)
(I can good grades in programming course.)

5. Programlama konusunda kendime giivenim oldukga yiiksektir. 4.40 (0.73) 4.27 (0.93) 4.23 (1.01) 3.76 (0.92)
(I have a lot of self-confidence when it comes to programming.)

6. Programlamada basarili degilim. (*) 1.95 (1.04) 2.31 (1.46) 1.53(0.66) 2.30(1.18)
(I'am no good at programming.)

7. Ust diizey programlama yapabilecegimi diisiinmiiyorum. (*) 2.63 (1.17) 2.36 (1.09) 3.15(1.28) 2.84 (1.21)
(I do not think I could do advanced in programming.)

8. Programlamayi iyi yapabilecek bir degilim. (*) 1.90 (1.01) 2.22 (1.23) 2.69(1.37)  2.23(1.36)
(I'am not the type to do well in computer programming.)

9. Nedense, ¢ok ¢alismama ragmen programlama bana ¢ok zor geliyor. (*) 2.36 (1.49) 2.13 (1.32) 2.00 (1.35) 2.30 (1.10)

(For some reason even though | work hard at it, programming seems unusually
hard for me.)
10. Birgok dersin iistesinden gelebilsem de programlama problemlerinde mutlaka 2.50 (1.30) 2.36 (1.36) 3.07 (1.65) 3.38 (1.19)
hata yapiyorum. (*)
(Most subjects | can handle, but I have a knack flubbing up programming
problems.)
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Table 4.2 (cont’d)

11. Programlama dersi en kotii oldugum derstir.
(Programming has been my worst subject.)

12. Programlamada genellikle iyiyimdir.
(1'usually do well in computer programming.)

13. Benim igin programlama ¢ogu sinif arkadasima gore daha zor. (*)
(Programming is more difficult for me than for many of my classmates.)

14. Programlama giiglii yanlarimdan biri degil. (*)
(Programming is not one of my strengths.)

15. Programlamadaki konulari gabukga 6grenirim.
(1 learn things quickly in programming.)

16. Programlama kafami karistirir ve beni gerer. (*)
(Programming makes me confused and nerveous.)

17. Zor olan programlama problemlerini ¢6zmekte basariliyim.
(I'am good at working out difficult programming problems.)

18. Ogretmenim zor da olsa programlamay iyi bir sekilde yapabilecegimi diisiiniir.
(My teacher thinks I can do well in programming with difficulties.)

19. Ogretmenim bana programlamada iyi oldugumu soyler.
(My teacher tells me I am good at programming.)

20. Programlama dersi benim i¢in diger derslerden daha zordur. (*)
(Programming is harder for me than any other subjects.)

Total

1.77 (1.19)
4.36 (0.90)
2.27 (1.12)
2.13 (0.94)
4.09 (1.01)
1.81 (0.95)
3.63 (1.00)
4.27 (0.82)

3.95 (0.95)

2.04 (1.43)

62.27 (7.38)

2.22 (1.30)
4.22 (1.19)
2.50 (1.14)
2.50 (1.62)
4.22 (0.75)
2.36 (1.25)
4.09 (1.06)
4.31 (0.94)

4.18 (1.05)

2.00 (1.19)

65.82 (8.01)

1.84 (1.28)
3.69 (1.25)
2.46 (1.45)
2.30 (1.31)
3.69 (1.54)
2.15 (1.06)
3.53 (1.12)
4.15 (0.89)

3.61 (1.12)

1.69 (0.94)

62.61 (7.25)

2.15 (1.06)
3.38 (1.32)
2.30 (1.03)
2.38 (0.96)
3.46 (1.19)
2.23 (0.83)
3.00 (1.15)
3.38 (0.86)

3.30 (0.63)

2.38 (0.86)

59.54 (5.72)

Note. (*) = Reverse code






Table 4.3 Group Statistics for Confidence Scale

Std.  Std. Error
N Mean Deviation Mean

Confidence
individual 13 -3.07 7.12 1.97

pair 22 354 6.55 1.39
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Table 4.4 Independent Samples Tests for Confidence Scale

Levene's Test for

Equality of
Variances t-test for Equality of Means
Sig. (2- Mean Std. Error  95% Confidence Interval of the Difference
F Sig. t df tailed) Difference Difference Lower Upper
Equal
variances
assumed 0.10 0.74 -279 33 0.00 -6.62 2.36 -11.43 -1.80
Equal
variances
not assumed -2.73 23.62 0.01 -6.62 241 -11.62 -1.62




Independent Sample T-test was conducted to compare the means of pair
programming students’ and individual programming students’ confidence. The mean
differences of confidence scale from first implementation to last implementation
were also compared with Independent Sample T-test. The independent variables
include two levels: pair programming students (n=22) and individual programming
students (n=13). Table 4.3 included group statistics information of the programming
confidence dependent variable. There was a significance difference in the scores of
pair programmers’ confidence M = 3.54 (SD = 6.55) and individual programmers’
confidence M = -3.07 (SD = 7.12) with t (33) = -2.79, p = .00. The 95% confidence
interval for the difference in means was ranging from -11.43 to -1.80. The Cohen’s d
effect size calculated was 0.96. This was large effect size of the result because the
effect sizes are interpreted as small (0.2), medium (0.5) and large (0.8) (Green &
Salkind, 2004).

4.2.2 Qualitative Results for Programming Confidence of the Programmers

According to content analysis result of the interviews with 5 grade pair-
programmers, most of the students felt more confident with their partner during the
programming activities. The programming confidence of the students was high when
they worked with their partners during the programming lessons. Three themes were
constructed according to the responses of the students about the programming
confidence of pair programmers and individual programmers such that a) problem
solving process, b) programming process c) Being in a pair or individual during the
process. The Table 4.5 showed the themes and the categories of programming

confidence interview result of programmers.

It should be noted that this research gives more priority to understanding the unique
experiences of pair-programmers. Individual programmers’ experiences were also
important to understand having the shared environment with pair-programmers while
engaging in the same tasks as baseline information and to compare with the pair-
programmers’ experiences. Moreover, this research intends to portray the
experiences of both groups with the compositions of both pair and individual
students engaging in the same tasks in the same classroom and to understand whether
the implementation of 8-weeks influenced their opinions of their programming

confidence and achievement.
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Table 4.5 Possible Factors that Influence Programming Confidence (NP: Pair, NS: Individual, NT: Total)

PEER INDIVIDUAL

Participants
Categories Participants Mentioned NP Categories Mentioned NS NT
Problem Solving Problem Solving
Process Process
Sharing knowledge  P1,P2,P4,P5,P6,P8,P10,P11,P12,P13 10 Sharing knowledge 0 0 10
Helping each other ~ P1,P2,P3,P4,P5,P6,P7,P8,P9,P10,P11,P12,P13 13 Helping each other 0 0 13
Finding solutions Finding solutions
(easy) P1,P2,P4,P5,P6,P10,P11,P13 8 (hard) S1,52,S3,54,55,56,S7 7 15
Correcting mistakes P1,P2,P3,P4,P6,P7,P8 7  Correcting mistakes 0 0 7
Source of Source of
knowledge for knowledge for
solving problem 0 0 solving problem S1,54,5S5,56,S7 5 5
Programming Programming
Process Process
Task completion Task completion
time (fast) P3,P4,P5,P8,P11,P12,P13 7 time (slow) S1,52,S3,85,56,S7,P2 7 14



Table 4.5 (cont’d)

€L

Quality of product Quality of product

(high) P4,P6,P8,P11,P12 4 (low) S1,52,S5,56,S7 5 9
Learning of Learning of

programming (high) S5,P1,P4,P3,P6,P7,P9,P10,P12 9 programming (low) S1,54,S6,S7 4 13
Motivation (high) P4,P5,P6,P8,P12 5 Motivation (low) S5,S6,S7 3 8
Being in a pair or Being in a pair or

individual during individual during

the process the process

Disagreements P1,P2,P3,P5,P6,P9 6 Disagreements 0 0 6
Programming Programming

ability differences  P1,P2,P3,P5,P6,P9,P10 7  ability differences 0 0 7
Workload 0 0 Workload S$1,52,53,54,55,56,S7 7 7

Note. NS= Number of individual programmers, NP=Number of pair programmers, NT= Total number of pair and individual programmers.



According to the content analysis results of programming confidence, problem
solving process is one of the themes that include 5 categories. The pair programming
participants reported that they shared their experience with their partner during the
programming process. One of the core topics in their responses was the programming
problems and how they solve their problems with their partners. The students
mentioned that they encountered several problems while completing the
programming activities. Moreover, individual programmers had also several
problems during the programming process. Therefore, Problem solving in individual
programming is one of the themes of the content analysis. The theme included 5
categories including that sharing knowledge, helping each other, finding solutions,

correction of mistakes and source of knowledge for problems.

Most of the pair students (N=10) responded that they share their knowledge with
their partners in order to solve problems of the activities. Sharing knowledge with the
partner provided more confidence to the programmer according to responses of them.
Sharing knowledge provided to help them get new strategies for the problem solving
of computer programming activities. On the other hand, individual programmers said
that they encountered some problems in programming but they did not have any
chance to sharing their knowledge with some friends. Some individual programmers
stated that they worked alone and they could not share their knowledge, so most of
time they could not manage the activity accurately. Not finding the solution of the
problems made them unconfident during the programming activities. The

participants stated that;

“My friend contributed me a lot. My friend showed me the codes that I could
not find and lacking information about the codes. We are sharing information
therefore we are successful. We shared our knowledge and we could solve the

problems easily.” (P4)

“Arkadasimin katkisi ¢ok oldu. Bulamadigim kodlari (iun) bilmedigim
bilgileri (u11) bana o gosterdi. Bildigimiz bilgileri paylasiyoruz ve boylece
basarili oluyoruz. Bilgilerimizi paylastik ve sorunlari kolayca ¢ozebildik.” (P4)

“Scratch programming environment was a little bit hard for me because it
contains mostly codes. If | had had a friend working with together, we would
work by speaking, thinking etc., this would be easier for me. ...The following
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programming activities were difficult for me so my confidence decreased. ...
Now, | wish | had a friend beside me; | would finish the activity quickly and
produce better.” (S2)

“Scratch programi benim igin biraz zordu. Ciinkii hep programlama var.
Yamimda arkadasim olsa biraz daha sey olurdu ikimiz konusarak sonra
diisiinerek falan yapardik, benim icin daha kolay olurdu. ... Ileriki haftalara
dogru ¢alismalar zordu ve oOzgiivenim azaldi. ... Simdi yanimda birisi olsa

daha cabucak bitirir, iyi yapardim.” (S2)

Some of the pair programming students (N=13) responded that they helped each
other during the programming activities. Helping each other facilitated to complete
the programming activities of students faster and easier. They said that getting help
of a friend influenced their confidence positively. Individual programming students
mentioned that they could not get any help because they had to work individually.
They needed help while creating code blocks. In some activities, the sequences of
code blocks were complicated for the student so they claimed that they needed help

of a friend or a teacher in that time. The participants said that;

“We were helping each other in coding. For example, we could not know the
sequence of the cod blocks. When | stepped forward 10 steps my friend
stopped me when she came to near me. My group friend helped me. She
assisted me to place the codes into correct places ... She listened to you
carefully in the lesson so he helped me. The help of my group friend increased
my confidence. ...I prefer working with a group member because she

supported me during programming process.” (P6)

“Kodlamalarda arkadasimla yardimlasiyyorduk. Kodlamalarda mesela (11111)
verlerini [sirasini] pek bilemiyorduk. Ben 10 adim ileri derken o kenara
geldiginde dur diyordu. Grup arkadasim bana yardimct oluyordu. Kodlarin
yerini yapmamda yardimci oldu. ... Derste sizi iyi dinliyor o yiizden bana
yardimci oldu. ...Grup arkadasimin yardimi ozgiivenimi arttirdi. ... Grup

arkadasimla ¢calismay: tercih ediyorum ¢iinkii o bana destek oluyor.” (P6)

“When I encountered problems in programming, I had difficulties in solving

the problems in code blocks. ...I deduced from the samples which we had
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learnt during our lessons. In some studies | needed more resources.
Sometimes, | really had difficulty. In fact, if | had had a group friend, |1 would
have done better. | think it would be better. When I could not get help, my self-

confidence decreased.” (S7)

“Problemle karsilasinca ¢ozmek icin kodlarda c¢ok zorlandim. ... Kendime
ornekler ¢ikardim derste o6grendiklerimizden. Bazi ¢alismalarda daha fazla
kaynaga ihtiya¢ duydum. ... Bazen gercekten ¢ok zorlandim. Ashinda grup
arkadasim olsa daha ¢abuk yapardik, daha iyi olurdu bence. Yardim

alamaywnca ozgiivenim diistii.” (S7)

The pair programming students (N=8) stated that finding solution of the problems of
programming activities is one of the important factors that influence their
confidence. Solving the problems with their partner included several factors; trial
error and brainstorming with a partner. According to their responses, when they
worked with their partner they managed the programming activities easily. They
could solve the problems by trial and error or making brainstorming with their
partner to find the solution to programming problems. On the side of individual
programmers, some students (N=7) stated that they had several difficulties on
programming activities. One of the difficulties of them was hard to find solution to
the problems. They said that problem solving was one of the biggest problems for
them. The students said that;

“lI and my friend sometimes had difficulty, we were confused, we fought, we
said let’s not do it. We did not quit when we had trouble. While solving
problems we talked to each other how the code blocks were added and | said
“OK Let’s do it”. My friend supported me whether it was good or not. My
confidence increased with the help of the friend.” (P5)

“Arkadagimla bazen zorlandik (uuu) bazen karistirdik, kavga ettik, olmaz
yapmayalim dedik. Sorun yasadigimizda pes etmedik. Sorunlart ¢ozerken...
Arkadagimla soyle yapalim boyle yapalim diye konustuk, bende tamam yapalim
diyordum. Grup arkadasim giizel olsa da kétii olsa da hep yammda oldu.
Ozgiivenim arkadasimla bu sayede artti.” (P5)
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“I had difficulties during programming, simple things happened as well. Group
programmers could collaborate in programming activities. The programmers
who understood the programming could solve the problems, activities easily.
When | encountered problems, I did not quit and I listened to lessons more
attentively. | tried to complete it even if | had difficulty. 1 worked harder. I had
uncompleted programming activities because | could not solve the problems.

... My self-confidence decreased towards the last weeks.” (S2)

“Programlama yaparken zorlandim, kolay seyler de oldu. Grup olarak
calisanlar isbirligi yapabildi. Programlamayr anlayanlar sorunlari kolayca
¢ozebiliyor. ... Sorun yasadigimda pes etmedim daha ¢ok dinledim dersi.
Zorlansam da yapmaya c¢alistim. Daha ¢ok ugrastim. ... Eksik
seylerim[etkinliklerim] oldu bazi sorunlari ¢ézemedim. ...kendime giivenim son

haftalara dogru azald:.” (S2)

The pair programming students (N=7) also responded that they solved the
programming problems by correcting mistakes of the partner during the
programming process. Individual programming students mentioned that they could
not find the mistake on the code blocks easily. In some activities, the sequence of
code blocks was complicated and they could not see the mistake or they could not
correct the mistake by themselves. This caused the decrease of their motivation. The
students stated that;

“Working with my friend was beneficial for me. For instance, while you were
teaching the subject I misunderstood some parts but my friend listened to the
teacher correctly. ... I made mistakes and she corrected my mistakes. In codes
(1), in effects of codes, when I chose the wrong codes, she corrected my
fault. After that, my friend corrected the number of the variables that you
presented to us. ... For example, we did the activity of fish effect and I added

the wrong code and my friend corrected.” (P3)

“Arkadasimla calismanun bana katkisi oldu. Mesela siz ders anlatirken benim
vanlis dinledigim bir seyi arkadasim dogru dinliyordu. ... Ben yanli
Yapiyordum o diizeltiyordu. Kodlarda (i) efektlerde falan ben yanhs sey
[kod] segince o diizeltiyordu. Ondan sonra verdiginiz sayilarda [degisken] o
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diizeltme yapryordu. ... Mesela balik sisirme yapmistik [balik efekti] ben
degerleri [kodlart] yanls yaptim arkadasim diizeltti.” (P3)

“I had difficulty in coding, when I had difficulty I was not self-confident, | was
panicky but I still relied on you (laughing). I started to struggle with coding, all
the things | did came out wrong. | could not give attention and my mind had
gone. Since I worked individually, I could not solve the problems. ...My self-
esteem decreased and | had difficulty as | made mistakes. | wished | had found
my own mistakes by talking with my friends about wrong ones. | would do that

because my friend told me to do that and I would trust myself.” (S4)

“Kodlamada zorlandim, zorluk yasadigimda kendime giivenim olmuyordu
panik oluyordum vyine de size giiveniyordum (giilme). Kodlamalarda
zorlanmalar basladi yaptigim her sey yanlis ¢ikti. ... Dikkatimi veremedim
aklim gitti. Tek olunca problemleri ¢ozemedim. ... Ozgiivenim azaldi hata
vaptik¢a zorlandim. Arkadaglarimla ¢alisip o yanls bu yanlhs diye konusarak
kendi yanhiglarimi bulmak isterdim. Arkadasim béyle yapmami soyledi deyip
kendime giivenir ve yapardim.” (54)

Some of the pair programming students responded that they did not need any extra
source of knowledge for problem solving. On the other hand, the individual
programming students (N=5) mentioned that they had limited knowledge about
programming and they needed more information about code blocks while completing
the activities. They said that if they had a friend or source for the solution of
problems, they would solve the problems easily. Since they had to complete the
activities individually, they needed more information and more sources than pair

programmers. The participants said that;

“When we encountered the problems in coding we learned by trial and error we
continued to work. We supported each other with my group friend. We reached

solution of the problems by listening to you carefully and by trial.” (P12)

“Problemlerle karsilastigimizda deneyerek ogrendik, ¢alismayr stirdiirdiik.
(1) grup arkadasimla birbirimize destek ciktik. Ogretmenim sizi dinleyerek

ve deneyerek ¢oziime ulastik.” (P12)
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“I said programming was simple in the first week. As the activities became
more difficult, | thought myself; if only there had been more resources. Maybe,

I would create better if | had learned more. My self-confidence decreased” (S4)

“Illk hafia programlama kolaymis dedim. Etkinlikler zorlastikca daha fazla
bilgi ve sey [kaynak] olsa diye kendi kendime diisiindiim. Belki daha fazla

ogrensem yapardim dedim. ... Ozgiivenim azaldi.” (S4)

Programming process is another theme of the content analysis with 4 categories
including task completion time, quality products, learning of programming, and
motivation. In the interview result of the pair programmers showed that pair
programming technique influenced programming confidence of the pair
programmers positively. The students stated that the effects of pair programming
technique increased their confidence. The individual programmers also stated that the
effects of the individual programming influenced the programming confidence
negatively. They mostly claimed that working individually caused several problems

and they had several negative effects of working individually.

Some pair programming students (N=7) claimed that they finished the activities
quickly. They collaborated during the programming activities and solved problems as
quick as they could. However, some of the individual programming students (N=7)
stated that they needed extra time to complete activity. The given time was not
enough for individual programming. Students mentioned that limited time for the

completion of activities decrease their motivation and confidence.

“My friend contributed to me in programming .We finished coding faster with
my friend and we completed it faster. Even if with hard activities; we believed

that we would finish it quickly, we trusted ourselves.” (P8)

“Arkadasimin programlamada bana katkisi oldu. Arkadasimla daha ¢abuk
bitirdik daha hizli kodlama yaptik. ... Hata yaptigimda arkadasima
soruyordum. Zor c¢alismalarda bile arkadasimla c¢abucak bitirecegimize

inandik, kendimize giivendik.” (P8)

“Since I worked alone, I had to make more try to be successful in the

programming activities. | had to try a lot of code blocks. The allocated time for

79



the activities was not enough for me. In some activities, | spent most of my

time with design of program.” (S7)

“Yalniz ¢alistigim icin, programlama etkinliklerini basariyla bitirmek icin
daha ¢ok denemek zorundaydim. Birg¢ok seyi [kod blogunu] denemek
zorundaydim. Etkinlikler i¢in verilen (uu) siire azdi, zamanim yetmedi. ... Bazi
aktivitelerde seyimin [zamaninmin] ¢ogunu program tasarimi i¢in harcadim.”

(S7)

Some pair programming students (N=4) also responded that they produced better
quality products with the help of their partners. Besides, the individual programming
students (N=5) mentioned that they created some programs but the quality of the
products were low. According to answers of the students some of their products were
uncompleted or in lower quality than they wanted. They claimed that producing low
quality product influenced their confidence negatively. The students stated that;

“We experienced more and we produced more quality products as a group. We
confused the sequence of the code blocks and we completed by asking each

other. We completed by helping each other.” (P12)

“Grup olarak daha ¢ok deneyim edindik ve iyi ¢alismalar iirettik. Kodlarin
swralamasini  karigtiriyorduk  birbirimize  sorarak daha iyi  yaptik.

Yardimlasarak yaptik.” (P12)

“Pairs were collaborating and producing better products. | had uncompleted
activities because Scratch programming environment was difficult for me. ...I

cannot do it completely myself” (S2)

“Cift oturanlar is birligi yapiyor ve daha iyi yapiyor ...Eksik yarim olan birkag
tane etkinligim oldu. ...¢iinkii Scratch programi benim igin biraz zordu. ... Tek

olunca tam yapamam.” (S2)

Moreover, pair programming students (N=9) responded that they learned better while
working with a partner because the general opinion of the students was that they
created more codes and they made more try-and-error with their partners and this
provided better learning of programming. The individual programming students

(N=4) stated that learning of programming was difficult for them because they had
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several problems and they could not manage the programming activities accurately.
The students said that;

“We had some problems in the programming lesson, but we solved the
problems by trying out the various codes that we had decided with my friend.

Thus we learned more codes” (P1)

“Programlama dersinde bazi sorunlar yasadik fakat arkadasimla karar
verdigimiz degisik kodlart deneyerek sorunlari ¢ozdiik. Boylece daha ¢ok kod
ogrendik.” (P1)

“| tried various things- code blocks to complete the programming activities. It
was difficult for me to use some code blocks. Some of my friends worked

together so I had to work hard and try a lot compared to many friends.” (S5).

“Programlama etkinliklerini tamamlamak icin c¢esitli seyleri [kod bloklarini]
denedim. Bazi kod bloklarini kullanmak benim icin zordu. Bazi arkadaslarim
beraber ¢alisti bu yiizden bir¢cok arkadasima gore ¢ok ¢alismak ve denemek

zorundaydim.” (S5)

Finally, pair programming students (N=5) stated that working with a partner
increased their motivation. With the support of the partner, students felt more
motivated in the programming activities. On the other hand, the individual
programmers (N=3) responded that working individually in programming was hard
for them and felt un-motivated because of the complicated code blocks and

programming problems. The students stated that;

“My friend helped me during the programming process. My partner motivated

me in the programming activities by giving advices and appreciating me.” (P5)

“Arkadasim programlamada bana yardimci oldu. ... Soyle yapalim, boyle
vapalim, giizel yaptin diyordu, beni motive ediyordu” (P5)

“The activities included complicated codes and I had some difficulties during
the lesson. I tried more to solve the problems and this confused my head. Thus,
I needed more time for the activities. Some of my friends finished quickly.

This situation decreased my motivation.” (S6)
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“Etkinlikler karmasik seyler [kodlar] vardi ve ders boyunca zorlandim.
Problemleri ¢ozmek i¢in () daha ¢ok denedim bu benim kafami karistirdi,
panik oldum. Bu yiizden etkinlikler i¢in daha fazla zamana ihtiya¢ duydum.

...Bazi arkadaglarim hizlica bitirdi bu benim motivasyonumu diistirdii.” (S6)

Being in a pair or individual during process is the final theme of the programming
confidences of students’ content analysis result. The theme of being in a pair or
individual during process was constructed with the categories of disagreement,
programming ability differences, and workload. The students claimed that the

differences among the partners caused some problems.

Firstly, some pair programming students (N=6) stated that they could not agree with
the decision of each other during the programming activities. Every partner insisted
on their decisions so they had problems with their partners. Besides the pair
programmers, individual programmers responded that they needed alternative
solution and ideas for the completion of the programming activity. They had to apply
their own ideas and they could not find the accurate codes individually. The student
said that;

“When creating code blocks, my friend helped me in the codes I forgot but in
the design part, my friend did not choose the characters that | wanted to add
and | did not like his / her preferences. We discussed for the reason of
designing the environment. While working individually you had chance to try
more and you can design what you want. However, my partner helped me in
the code blocks; she/he told me the codes that | forgot. Thus, working with my

friend increased self-confidence.” (P1)

“Kodlama yaparken benim unuttugum seylerde [kodlarda] o yardimci
oluyordu ama balik secerken [karakter] benim istedigimi o istemiyordu, onun
istedigi de benim hosuma gitmiyordu. Aramizda kargasa ¢ikiyordu
tartistyorduk. Tek olunca daha ¢ok deneme sansin oluyor istedigin tasarimi
vapabiliyorsun. ... Fakat kodlarda bana yardimct oluyor benim unuttugum
kodlari o bana soyliiyor. Arkadasimla ¢aliymak bu yiizden ozgiivenimi

arttirtyor.” (Pl)

82



Secondly, the individual programming students (N=7) said that workload in the
programming activities is one of the disadvantages of programming process.
Students claimed that the disadvantages caused to decrease confidence of them.
However, pair programmers did not mention any workload in their programming

process.

“While designing the Scratch environment | could not draw some design
elements. | mostly had difficulties in coding part. It was hard to me. | tried to
solve problems by trial and error however; some of them finished some of
them not. I did not give up; I tried not to be afraid. | made my brain work more.
I tried to recall some codes. ... My confidence declined when I could not get

out of the programming problems.” (S7)

“Tasarim yaparken bazi sekilleri ¢izemedim. Daha ¢ok kodlama da sikinti
yvasadim, bana zor geldi. Deneyerek ¢ozmeye c¢alistm ama bazilari oldu
bazilart olmadi. Pes etmedim korkmamaya ¢alistim beynimi daha ¢ok yordum.
Denedim hatirlamaya ¢alistim. ... Sorunlarin iginden ¢ikamayinca seyimm

(11) ozgiivenim azaldi” (S7)

Finally, some pair programming students (N=7) complained about the programming
ability differences among the partners in the programming. However, since the
individual programming students worked individually they did not encounter this

problem. The pair programming student stated that;

“In coding, we were helping each other with my friend. For example, we could
not know the place of the code blocks. We were adding different things and

discussions occurred.” (P6)

“Kodlamalarda arkadasimla yardimlasiyyorduk. Kodlamalarda mesela (i)
mesela yerlerini [sirasini] pek bilemiyorduk. ... Ikimizde farkli seyler

ekliyorduk tartisma oluyordu.” (P6)

Both individual and pair-programming students related their confidence to different
factors. Pair-programmers frequently stated that their confidence was increased with
the advantage of having a pair while programming because pairs cooperated,
supported, and motivated each other during programming process. Individual-
programmers on the other hand, attributed their decrease of confidence in several
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factors: not having a pair or information sources, increasing difficulty of activities,
and unsatisfied acheivements in activities. While some individual students were
motivated to work hard for solving the problems by themselves, they reported that
increasing difficulty of the activities and decreasing the achievements in activities
decreased their confidence in completing the programming activities. Individual
students compared their performance with the pair-programmers in terms of duration,
workload, and ability to complete the activities, and tend to attribute their difficulties

to being an individual during programming.
4.3 Programming Achievement of the Students
4.3.1 Quantitative Results for Programming Achievement of the Students

The result of quantitative data for the programming achievement was represented in

this part of the study.
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Table 4.6 Descriptive Statistics for Achievement

Pair-Programmers

Individual-Programmers

M (SD) M (SD)
Activity 1 9.72 (0.45) 7.92 (1.38)
Activity 2 9.81 (0.39) 8.53 (1.61)
Activity 3 9.63 (0.65) 8.00 (1.52)
Activity 4 9.36 (1.25) 9.46 (0.77)
Activity 5 9.45 (1.01) 8.53 (0.96)
Activity 6 9.72 (0.45) 7.76 (1.53)
Activity 7 9.54 (0.80) 6.23 (1.87)
Activity 8 9.54 (0.50) 7.69 (1.31)
Total 76.27 (4.33) 63.38 (6.47)

The means and standard deviations of pair and individual students were given in
Table 4.6. The means of the pair programming students ranged 9.36 to 9.81. The
means of achievement of individual programmers also ranged 6.23 to 9.46. The
means of the pair groups were closer to each other in 8 week implementations. On
the other side, the means of individual programmers differentiated week by week.
The highest mean was M= 9.46 in the activity 4. The lowest mean was in the activity
7 M= 6.23. The individual programming students had difficulties in activity 7 but the
pair programming students’ achievement was high in this week with the mean of M=
9.54. While the means of individual programmers’ achievement were decreasing in

some weeks, the pair students completed the activities with higher means.

Table 4.7 Group Statistics for Achievement Scores based on Rubric Evaluation

Std. Error
N Mean  Std. Deviation Mean
Achievement Scores
individual 13  63.38 6.47 1.79
pair 22 76.27 4.33 0.92
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Table 4.8 Independent Samples Test for Achievement Scores based on Rubric Evaluation

Levene's Test

for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Mean Std. Error Difference
F Sig. t df  Sig. (2-tailed) Difference Difference Lower Upper
Achievement
Scores Equal
variances
assumed 6.72 .014 -7.06 33 0.00 -12.88 1.82 -16.59 -9.17
Equal
variances
not assumed -6.38  18.45 0.00 -12.88 2.01 -17.12 -8.65




An independent-samples t-test was conducted to compare the programming
achievement of pair programmers (n=22) and individual programmers (n=13)
according to usage of pair programming method in programming course. Table 4.7
presented group statistics of the study. There was a significance difference in the
scores of pair programmers’ achievement M= 76.27 (SD=4.33) and individual
programmers’ achievement M= 63.38 (SD=6.47) with t (18.46) = 6.38, p = .00. The
95% confidence interval for the difference in means was ranging from -11.43 to -
1.80. The Cohen’s d effect size calculated as 4.87 for the programming achievement
dependent variable and it was large effect since the effect sizes are interpreted as
small (0.2), medium (0.5) and large (0.8) (Green & Salkind, 2004).

Table 4.9 Group Statistics Mann-Whitney U for Achievement Scores based on Rubric
Evaluation

peerindividual N Mean Rank Sum of Ranks
meanach

individual 13 7.38 96.00

peer 22 24.27 534.00

Total 35

Table 4.10 Mann-Whitney U Test for Achievement Scores based on Rubric Evaluation

meanach
Mann-Whitney U 5.00
Wilcoxon W 96.00
Z -4.75
Asymp. Sig. (2-tailed) 0.00
Exact Sig. [2*(1-tailed Sig.)] 0.00°

Mann-Whitney U test was conducted to evaluate to compare the means of pair and
individual independent groups for the achievement dependent variable. The results of
the test were significant z = -4.76, p = .00. The mean rank was M = 7.38 for
individual programmers and the mean rank was M = 24.27 for pair programming

groups in Table 4.9.

4.3.2 Qualitative Results for Programming Achievement of the Programmers
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Table 4.11 Factors Influence Achievement in Programming

PAIR INDIVIDUAL

Categories Participant Mentioned NP Categories Participant Mentioned NS NT
Method of achieving Method of achieving

programming programming

Knowledge sharing P1,P2,P4,P5,P6,P8,P10,P11,P12,P13 13 Knowledge sharing 0 13
Being creative Being creative

(creativity) P4,P6,P8,P12 4 (creativity) 0 4

Testing codes P1,P4,P5,P6,P8,P10,P11,P12 8 Testing codes 0 8

Access to the Access to the

resources 0 0 resources S1,54,S5,56,S7 5

Getting help from Getting help from

others P1,P2,P3,P4,P5,P6,P7,P8,P9,P10,P11,P12,P13 13 others 0 13
Programming Programming

Process Process

Grades of activities Grades of activities

(high) P3,P4,P6,P8,P9,P12,P13 7 (low) S1,54,S5,56,S7 12
Amount of errors in Amount of errors in

codes (less) P1,P2,P3,P4,P5,P6,P8,P10,P12,P13 10 codes (more) S1,52,S3,S5,56,S7 16
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Table 4.11 (cont’d)

Effort to achieve Effort to achieve

(less) 0 0 (more) S1,52,S3,54,55,56,S7 6 6
Activity completion Activity completion

duration (quick) P3,P4,P5,P8,P11,P12,P13 7 duration (slow) S1,52,S3,S5,56,S7 5 12

Note. NS= Number of individual programmers, NP= Number of pair programmers, NT= Total number of pair and individual programmers.



The results of the content analysis for the interview of programming achievement of
5" grade programmers revealed that some factors influenced the programming
achievement of the students during the programming activities. According to content
analysis result, two themes were constructed which were a) method of achieving
programming and b) programming process. The pair groups believed that they
achieved more with their partners. The Table 4.11 clearly presented the themes and
the categories of the programming achievement content analysis results. According
to content analysis results of the interviews, the individual programming students
stated that they had several problems while programming individually. The students
said that the programming activities were difficult for the individual programmers.

One of the themes of the content analysis is the method of achieving programming.
The theme included five categories for both pair programming students’ achievement

and individual programming students’ achievement.

The pair-programmer students (N=13) responded that, to achieve the programming
activities, they shared their knowledge that they learned from their teacher.
Transferring knowledge was a method of achieving programming skills with the
partner according to their opinions. However, individual students did not state any
comments about the knowledge sharing with a friend because they had to work
individually so they did not share any knowledge in the programming process. The

students said that;

“... For example, she helped me where I could not. I sometimes misunderstood
in the lessons and she shared with me the correct codes. My partner corrected

my mistakes in codes. We came to upper levels as we learned the program.”
(P3)

“... Mesela yapamadigim yerlerde bana yardimci oldu. Ben bazen yanlig
dinliyordum o dogrusunu benimle paylasiyordu. Yanlislarimi diizeltiyordu

sayilarda falan. ... programlamayr ogrendikge iist seviyelere geldik.” (P3)

Moreover, the pair programming students (N=4) responded that thinking with a
partner provided more creative results for the programming activities. According to
students’ responses, creativity was a way of achieving programming with a partner.
The students stated that;
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“I and my friend thought different things (codes) and we tried alternative things
(codes). We produced different code blocks to create different code programs.”
(P4)

“Arkadasimla degisik seyler diistindiik ve degisik seyler denedik. Farkl
programlar olusturmak i¢in degisik kod bloklart iirettik”. (P4)

The pair-programming students (N=8) also responded that working with a partner
facilitated the programming activities by testing the codes regularly. The students
claimed that checking the code blocks with a partner provided to produce more
successful activities. The students said that;

“While we were working with my friend we combined our information about
coding and we worked better. He checked and corrected my mistakes. This

made us more successful.” (P8)

“Arkadagimla ¢alisirken bilgilerimizi birlestirip daha iyi ¢alismalar yaptik.
Ben kodlar: ekledim o da kodlarin dogru olup olmadigini kontrol etti. ...

Hatalarim diizeltti ve kontrol etti. Bu daha basarili olmamizi sagladi.” (P8)

“At the beginning of the lesson I convinced myself that I would success. As the
coding became more difficult my performance decreased. | added the wrong

codes , I could not see my mistakes and could not correct them.” (S7)

“Ilik bagslarda basaririm diye diisiindiim kendimi inandirdim. Kodlamalar
zorlastikca basarim azaldi. ...yanhs seyler [kodlar] ekledim, yanlislarimi

goremedim ve diizeltemedim.” (S7)

Moreover, the individual students stated that they did not get any help from a friend
or other resources. They claimed they needed help a friend during the programming
activities. They stated that help of a friend while creating codes may increase their
programming achievement. However, one student (N=1) stated that working
individually was better for him/her because when he/she worked with a partner, they
might disagree with each other while designing the coding environment. Moreover,
the pair programming students (N=13) stated that they got help from their partners
and working with a partner was beneficial for gaining better programming skills. The

students said that;
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“When I worked individually, there were parts that I could not complete. If I
had had a partner, he/she would have completed my deficiencies about

programming. | could also do the parts that my partner did not know.” (S1)

“...ben bireysel oldugumda yapamadigim kisimlar oldu. Ama grup arkadasim
olsa benim bilmediklerimi, yapamadiklarimi boyle hi¢ bilmediklerimi (11111) o

bilir o yapardi. Onun bilmediklerini de ben yapardim.” (S1)

“When I worked with my friend he helped me on the coding activities. My
partner reminded me some codes that | forgot to add to the code blocks and we
worked together. If | had worked individually, | would have not completed the

programming activities easily, my friend helped me.” (P10)

“Arkadasimla oturdugumda kodlama da falan yardimci oldu. Unuttugum
seylerde [kodlarda] bana hatirlatti beraber yaptik. ...daha kolay yaptik,
kendim otursaydim daha kolay yapamazdim, yardim etti.” (P10)

“I would like to sit alone while coding because it is nice to sit alone. If we had
worked as a group of two people we would want to add different characters in
design of the coding environment coding. Coding would be easier however;

two people might cause chaos. . ” (56)

“Kodlama yaparken tek oturmak isterdim ciinkii tek oturmak giizel. Iki kisi
oturursak o baska bir sey ister ben baska bir sey isterim tasarimda. Kodlama

kolaylasir fakat... iki kigi olunca kargasa ¢ikabilir.” (S6)

Furthermore, the individual programming students (N=5) said that they needed more
resources than their friends who worked as a group because some activities require

more knowledge of programming. The students stated that;

“It was necessary to revise what you said and I revised them at home. If I had
known more and if | had had my notes with me, | would have done better.”
(S1)

“Sizin dediklerinizi tekrar etmek gerekiyordu, evde ben tekrar ettim. Daha

fazla bilsem, yanimda notlarim olsa daha iyi yaparim dedim.” (S1)
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Programming process on achievement was one of the themes that influence the
programming achievement of pair programming students’ and individual
programming students’. According to responses of the students, the theme was
constructed with 4 categories. Both pair programming and individual programming
students stated that there were some factors that influenced their achievement
positively or negatively. The pair programmers generally stated that their
achievement was high during the programming process but the individual
programmers stated that their achievement was mostly influenced negatively in the

programming activities.

The pair programming students (N=7) stated that they got high grades from the
programming activities. They mostly claimed that working with their friends was
beneficial for the students to get high grades. However, the individual programming
students (N=5) responded that they got low grades from some activities because they
had difficulties in the code blocks. The students stated that;

“By working with my friend I became more successful than other friends. We

received high grades because we completed the activity successfully.” (P4)

“Arkadasimla ¢alisarak diger arkadaslarimdan daha basarili  oldum.
Etkinlikleri basariyla tamamladigimiz igin yiiksek notlar aldik.” (P4)

“I could not complete some of the activities without any mistakes and | got low

grades from some activities.” (S5)

“Bazi etkinlikleri hatasiz bir sekilde tamamlayamadim ve bazi etkinliklerden

diigtik notlar aldim.” (S5)

Moreover, the pair programming students (N=10) stated that they made less error in
the programming activities. The pair programmers stated that their partner checked
the code blocks to correct the mistakes. According to pair programmers, less error in
the codes was one of the positive influences of programming process. On the other
hand, the individual programmers (N=6) stated that they made more mistake while
creating programs. Most of the students said that they did not realize their mistakes
while working individually. They claimed that if they had worked with a partner they

would make fewer mistake. The students said that;
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“We believed our decisions about code blogs and we agreed on our decisions
while creating codes. We made fewer mistake with the help of the group
working.” (P6)

“Kodlarla ilgili kararlarda arkadasimla birbirimize giivendik ve seyleri [kod
bloklarini] olustururken ortak diistindiik. ...Grup ¢aligsmast sayesinde daha az

hata yaptik.” (P6)

“I made a lot of mistakes and I tried to correct the code blocks during the
lesson. My friends worked together and they solved the problems together. |
could not complete the programming activities individually without any
mistakes.” (S6)

“Bir¢ok hata yaptim ve diizeltmek igin ders boyunca ugrastim. Arkadaslarim
beraber c¢alistilar ve problemleri beraber ¢ozdiiler. Ben programlama

etkinliklerini hatasiz tamamlayamadim.” (S6)

Furthermore, some individual programming students (N=6) stated that they needed to
make more effort to complete the programming activities. The students said that they
did not complete the activities easily and they had to work more for the programming
activities while pair-programming students did not report any serious problem about

the completion of the activities. The students said that;

“I had difficulty with some activities. I was scared and panicked because of
unsuccessful programming results and | could not manage complicated code
blocks. ... Some of my friends worked together in the programming activities.

For this reason, | had to work very hard and try more. (S5)

“Bazi ¢alismalarda zorluk yasadim. Korktum, panik oldum yapamadigim igin
(11) seyleri karisik seylerde bas edemedim. ...Bazi, bazi arkadaslarimla beraber
calistilar. Bu yiizden bir¢ok arkadasima gére ¢ok ¢ok ¢calismak ve ¢ok denemek
zorundaydim. (S85)

Finally, the individual programming students (N=5) mentioned that they finished the
programming activities slowly. The time was one of the problems for the individual

programmers. The students said that they needed more time because they worked
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individually. The pair programming students (N=7) stated that they complete the
programming activities quickly with the help of their partners. The students said that;

“Since I worked alone in programming activities, I had to try more to complete
the activities successfully. ... The given time for the programming activities

was not enough for me so I needed extra time.” (S7)

“Yalniz ¢alistigim i¢cin programlama etkinliklerini bagariyla bitirmek daha ¢ok
denemek zorundaydim. ... Sey (uu) etkinlikler icin verilen (1) siire azdi.

Zamanmim yetmedi.” (S7)

“My friend did not hinder me; instead he contributed to me. While working
with my partner, we made coding quickly and we finished the programming
activities faster. If 1 had worked individually, I would have been slower

because | was asking the codes that | did not know to my friend.” (P8)

“Arkadagimin bana zarart olmadi katkisi oldu. Onunla ¢alisirken kodlamay
daha hizli yaptik, ¢abuk bitirdik. ...Tek olsam daha yavas olurdum c¢iinkii

bilemediklerimi ona soruyorum.” (P§)

Pair-programming students felt more achieved completing the activities on time and
with success together. Individual students reported their extra hard-work trying to
complete the activities by themselves without help and sometimes not being able to

complete them successfully.
4.4 Emotions of Students During the Programming Process

While examining confidence and achievement of students, their emotions also
emerged as another main issue to be examined during content analysis. The interview
result of the 5™ grade programming students showed that they felt some emotions
during the programming process. The emotions occurred both negative and positive.
The pair programming students mostly mentioned that they felt positive feelings
about programming. On the other hand, the individual programmers mostly stated
that they felt negative feelings while creating code blocks. According to response of
the students, the emotions affected or being affected by their programming
confidence and programming achievement. This part of the study showed that the

emotions that the students felt and how these emotions were related to the
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programming confidence and programming achievement of pair programmers and

individual programmers.

96



L6

Table 4.12 Emotions Influence Confidence and Achievement

PAIR INDIVIDUAL

Categories Participant Mentioned NP  Categories Participant Mentioned NS NT
Emotions during Emotions during

programming programming

confident P1,P2,P3,P4,P5,P6,P7,P8,P9,P10,P11,P12,P13 13 confident 0 0 13
non-confident 0 0 non-confident $1,53,54,S5,56,S57 6 6

relaxed P3,P4,P6,P7,P12 5 relaxed 0 0 5

panicked 0 0 panicked S1,54,S5,S6,P6,P9 6 6

motivated P4,P5,P6,P8,P12 5 motivated 0 0 5

non-motivated 0 0 non-motivated S5,56,57 3 3

productive P4,P6,P8,P12 4 productive 0 0 4

unproductive 0 0 unproductive S1,53,54,S5,S6 5 5

had fun P3,P6,P12 3 had fun 0 0 3

bored 0 0 bored 0 0 0

friendship P1,P2,P3,P6, P12 5 friendship 0 0 5

isolation 0 0 isolation S1,56,S7 3 3

desperate 0 0 desperate S1,S5,57 3 3

afraid 0 0 afraid S1,54,5S5,S6,S7 5 5

Note. NS= Number of individual programmers, NP= Number of pair programmers, NT= Total number of pair and individual programmers.



According to interview responses of students, the emotions during programming
firstly organized as a theme of emotions of programmers both working with a partner
and individually. In the Table 4.12, the theme included 14 categories which were
both negative and positive emotions of the pair and individual programmers. The
content analysis showed that the pair programmers mostly had positive emotions but
the individual programmers mostly had negative emotions during the programming

activities.

The responses of pair programming students stated that mostly they felt themselves
more confident with their partners. All of the students (N=13) gave the same answer
that they felt more confident while working with a partner during the programming
process. However, most of the individual programmers (N=6) mentioned that they
felt unconfident while working alone during the programming activities. The reason
behind feeling unconfident in the programming lessons was mainly mentioned that
they needed the help of a friend. The students stated that;

“My group friends supported me with coding. In the first week, I gave 3 points
to my self-confidence and 5 points for the last week. My self-esteem increased
gradually” (P12)

“Grup arkadasim bana kodlamalarda bana destek oldu. ... Ilk hafta
ozgiivenime 3 puan verirdim son haftaya ise 5 puan veririm. Ozgiivenim gitgide

artti ¢iinkii.” (P12)

“At the beginning of the programming lesson I felt a little bit confident about
programming and | felt happy to sit a computer alone because | had chance to
use computer more than my friends. However, | felt non-confident about
programming as | experienced the code in the Scratch programming

environments.” (S7)

“Programlama dersinin basinda biraz seyim [ozgiivenim] vardi ve (ui1)
bilgisayarda tek basima oturmak daha ¢ok bilgisayar kullanacagim igin beni
mutlu etti. Fakat seydeee... [Scratch’te] kodlart yaptik¢ca programlamayt karsi

ozgiivensiz hissettim.” (S7)

Some of the pair programming students (N=5) responded that they felt relaxed

during the programming process since they worked with a group member and they
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thought that they completed the activity easily by this way. On the other hand, the
individual programming students (N=6) stated that they were panicked when they

worked alone during the programming process. The students pointed out that;

“I felt more relaxed and confident to work with a partner in programming
activities; my self-confidence was high because my partner helped me to

complete the programming activities which I was not able to complete.” (P3)

“Daha ¢ok giivende ve rahat hissettim, yani ozgiivenim daha ¢ok fazlayd.
Ciinkii mesela benim yapamadigim konularda arkadasim yardimci oluyordu

bana.” (P3)

“I was panic in the difficult activities and I felt non-confident in these

activities. I got more panic as the programs became harder.” (S4)

“Zorlandigim etkinliklerde panik oluyordum, kendime ozgiivenim olmuyordu.

...programlar zorlastik¢a daha ¢ok panik oldum.” (54)

The pair programming students (N=>5) also responded that they felt motivated during
the programming sessions. The pair programming students stated that working with a
group member was the most powerful reason of feeling motivated in the
programming activities. However, the individual programming students (N=3) stated
that their motivation of programming decreased especially in last activities because
they confused the code blocks and they did not get any help about the usage of code
blocks. The students stated that;

“I confused the place and usage of the codes but my friend helped me in the

activities so this increased motivation of me.” (P6)

“Kodlarin yerini ve nasil kullanilacagini karistirdim fakat arkadasim bana

yvardimct oldu. Bu benim motivasyonumu arttirdi.” (P6)

“At the beginning of the programming activities, I thought that programming
was easy for me but when I encountered the difficult programming activities |
felt that I could not complete the activities successfully. My motivation
disappeared like this.” (S6)
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“Programlamanin en basinda programlama benim i¢in kolay diye diigiindiim
fakat zorlandigim kisimlar oldugunda seyleri |[etkinlikleri] basariyla

’

tamamlayamayacagimi diigiindiim. Motivasyonum boyle olunca kayboldu.’

(S6)

The pair programming students (N=4) stated that they felt productive while creating
code blocks with a partner. On the other hand, the individual programming students
(N=5) claimed that they felt unproductive while creating code blocks in

programming activities. The students stated that;

“We shared our knowledge with my friend and we quickly completed the
programming activities by correcting the mistake of the activity. As a group,
we produced quality product and we got more experience about programming.”
(P12)

“Arkadagimla  bilgilerimizi  birlestirerek ve  hatalarimizi  diizelterek
programlama aktivitelerini hizlica tamamladik. Grup olarak daha ¢ok deneyim

edindik ve iyi ¢aliymalar iirettik.” (P12)

“I had some un-completed activities in the programming lesson. ...l made a lot
of mistakes while working individually and I produced incomplete encodes. |
felt un-productive because | could not complete the activities as my teacher
wanted.” (S5)

“Programlama dersinde tamamlanmamuis etkinliklerim oldu. ... Tek basima
calisirken cok hata yaptim ve eksik kodlamalar yaptim. Ogretmenim sizin
istediginiz gibi kodlamalari tamamlayamadigim icin iyi seyler yapamadigimi

[iiretemedigimi] hissettim.” (S5)

The pair programming students (N=3) stated that they felt fun while working with

their partner in the programming activities. They stated that;

“Working with the partner was very enjoyable for me because my friend
supported me and we believed each other that we would complete the
activities.” (P6)

“Grup arkadasimla calismak ¢ok eglenceliydi ¢iinkii arkadasim beni destekledi

ve biz etkinlikleri tamamlayacagimiz konusunda birbirimize inandik.” (P6)
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While some of the pair programming students (N=5) responded that they felt
friendship with their partner during the pair-programming process, the individual
programming students (N=3) pointed out that they felt isolated from their friends in
the programming activities. The individual students stated that they worked
individually and some of their friends had chance to talk each other about

programming. They stated that;

“Creating code with the partner made me feel happy. The relationship between

me and my friend improved so we shared our knowledge clearly.” (P4)

“Arkadasimla kod olusturmak beni mutlu etti. Aramizdaki iliski ilerledi, ¢ok
yakin hissettik birbirimize boylece bildiklerimizi agik¢a paylastik.” (P4)

“Some of my friends worked together and completed the activities more
quickly and successfully. Since I worked individually I felt bad myself. ...I felt
isolated from my friends.” (S7)

“Bazi arkadaslarim iki kigi oldugu icin daha hizli tamamliyorlardi, daha ¢ok
basariyorlardi. Ben tek c¢alistigim icin kendimi koti hissettim.

Arkadaslarimdan uzaklasmisim gibi oldum.” (S7)

The pair programming students (N=3) also pointed out that they felt desperate while
working in the programming activities. They stated that creating code blogs was very
complicated issue so when they had difficulties in coding they felt desperate about

learning programming. The student said that;

“I had some difficulties in the programming activities. Being the worst student

among my friends disappointed me and made me feel sad” (S1)

“Zorluklar yasadim, (nuu) yasadigim oldu. Arkadaslarim mesela yaparken en

sonuncu olmak beni biraz iizdii hayal kirikligina ugratti.” (S1)

The pair programming students (N=5) were afraid of programming because they said
that the codes were complicated and they could not complete the activities of
themselves accurately. They need to help of a friend in the programming activities.
The students said that;
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“While I was creating code blogs I confused the codes and I felt sad and I was

afraid.” (S6)
“Kodlama yaparken kodlar: karistirdim, iiziildiim ve korktum.” (S6)

The emotions of the students showed that the programming achievement and
programming confidence were related to both positive and negative feelings. The
pair programming students pointed out that they mostly felt positive feelings, so their
programming confidence and programming achievement influenced positively. On
the other side, the individual programming students mostly stated that they felt
negative feelings because of working individually and needing help and source
during the programming process. Several factors are reported to influence individual

students’ achievement and programming confidence negatively.
4.5 Comparing, Combining, and Summarizing the Results

The study aims to explore the influences of pair programming technique on
programming confidence and programming achievement of secondary school
students. The data were collected form 5™ grade students who were divided into pair
programmers or individual programmers. The qualitative data collected form the
interviews. Moreover, the quantitative data collected from confidence scale and
achievement rubrics. Both types of data were analyzed to explore the possible
influences of pair programming technique on secondary school students’

programming achievement and programming confidence.

The independent sample t-test and Mann Whitney U test results showed a
significance difference between the achievement scores of pair programmers and
individual programmers in the activities implemented in 8-weeks. The result
indicated that the pair programmers received significantly higher scores than
individual programmers. Moreover, the programming confidence of 5" grade
students was analyzed with the independent sample t-test. The pre-test and post —test
results of programming confidence of pair programming students and individual
programming student showed that there was also a significance difference between
these two groups of students. While the pair programming students’ programming
confidence increased during the 8 weeks programming activities, the individual

programming students’ confidence decreased.
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The qualitative data findings of the study showed that some factors influenced the
programming confidence of pair programmers and individual programmers
differently. Firstly, the students stated that problem solving with a group member and
individually lead different experiences for the students. The pair programming
students indicated that when a problem occurred during the programming activities
they mostly solved the problems by sharing their programming knowledge,
supporting to each other, helping each other, correcting mistakes of the programs,
finding solution of the problems of the activities and by using try and error method
with their partner. The pair programming students stated that they felt more confident
with a group member while solving the problems in the programming activities. On
the other hand, individual programmers mostly reported that they had difficulty
completing the activities without any resources or the help of the teacher, and
therefore, they did not feel confident. They reported that they worked hard, but with
the increasing difficulty of the activities, and decreasing scores, they started to lose
their confidence. They frequently attributed the reason of not solving the problems
on working individually. A few students showed that the reason behind this problem
was having less information of programming. The students mentioned that if the
students get needed information about coding, they could easily complete the
activities. The individual programming students stated that they needed help of a
classmate in the programming problems. They believed that if they had supported by

a partner they could have been more confident.

Secondly, there were different results among pair and individual students in terms of
learning the programming, task completion time, quality of product, and the
motivation of the programmers. The pair programmers revealed that they learned by
working with their partner more and their confidence increased in this way. Most of
the pair programming students also shared their experiences about the time
management by working with a partner as they finished the activities quickly and
easily. All of the pair students indicated that they did not need any extra time for the
activities with the help of their partner. Moreover, they yielded that they produced
quality products because they weeded out the unnecessary codes and they mostly
used practical code blocks for the activities. They mentioned that their confidence
increased in this process. Furthermore, the pair programming students stated that

they had enough motivation to complete the programming activities. They felt
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motivated during the programming process with their partners. They indicated that

the high motivation increased their confidence of programming.

On the other hand, the individual programmer students mostly mentioned that
working individually during the programming process caused them to learn less
information about coding, finishing the programming activities late, producing
unsatisfactory programs, and demotivation during the programming process. The
individual programming students mostly said that they could learn more with a group
member because the group members provided more information to each other. They
also indicated that they needed extra time for the completion of the programming
activities. They mentioned that, especially the last activities required more time to
complete for them. The individual programming students also thought that they
could not produce the products that they wanted to. They also stated that their
motivation was low because their pair programming classmates were completing
their activities early while they could not complete their activities on time according

to the criteria. They indicated that their confidence decreased for these reasons.

Although pair students reported positive experiences and feelings regarding their
programming together, they also reported disadvantages of working as a pair. The
programming abilities of the students and their partner might be different and they
wanted to try their own programming style. They revealed that disagreements
between the pair students influenced their works because the students disagreed
especially in design part of the programming. On the other hand, individual
programmers mostly indicated that their workload was more than pair-programming
groups because they had to work individually. Moreover, the individual
programming students revealed that time management was one of the disadvantages
of working individually. The students stated the disadvantages of working

individually decreased their confidence during the programming process.

The interview results of programming achievement of the students revealed that pair
programming and individual programming students had different experiences while
completing the programming activities according to the rubric. Pair programming
students pointed out that, sharing knowledge with a partner, being creative, testing
the code blocks, accessing the resources of Scratch programming environment and

getting help from others were the factors of the way of achievement in the computer
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programming. The pair programming students stated that they achieved the
programming activities by these factors. On the other hand, the individual
programming students stated that they had difficulties on the programming activities.
They could not achieve some of the programming activities. They mentioned that
they needed help of a friend during the programming activities. They also needed to

access to the resources to complete the programming activities.

The interview results of programming achievement of the students in 8-week
programming process also showed that the programming process was different for
both groups. The pair programming students indicated that their programming ability
was improved by working with their partners. They also said that their grades were
high in the activities of 8 weeks. The pair programming students mentioned that their
partners corrected their mistakes and they created quality code blocks. With the help
of working with a partner, the students stated that they created code blocks easily and
they did not need more effort for the activities. Finally, the pair programming
students also pointed out that they completed their programming activities in the
given time period. They stated that they did not need any extra time for the activities.
However, the individual programmers stated that their programming ability was low
because some of the code blocks were difficult for them. The individual
programming students also said that the programming activities achievement scores
were low since they could not complete some of the activities accurately. Moreover,
the students had some mistake in the code blocks and they mentioned that they could
not found the codes in the code blocks so they could not correct the code blocks.
Furthermore, the individual programming students stated that they tried more to
solve the problems in the programming activities by themselves and put more effort
to be successful in completing the activities. Some of the students pointed out that
they needed extra time for the activities because they could not complete some
programming activities in given time. They said that working individually caused

several problems and to solve these problems they needed more time.

Lastly, the interview result of programming experiences of 5™ grade students showed
that some of the emotions were related to the programming achievement and
programming confidence of the 5" grade programmers. The pair programming
students mostly mentioned that the positive feelings that they felt increased their

programming achievement and programming confidence positively. The pair
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programming students mostly mentioned that they felt more confident with their
group member while creating code blocks. When the feelings of the students during
the pair programming process were asked to the pair programming students and they
responded that they felt positive feelings because of working with their partners.
Being motivated, confident, productive, fun, were some of the positive feelings of
the pair programmers. On the other hand, the students responded to the some
interview questions with negative sentences. Most of the individual programmers
mentioned that they felt negative feelings because they worked individually. They
felt demotivated, unconfident, isolated, sad, and unproductive during the
programming process. They said that the negative feelings caused the decreasing
their programming confidence. As they receive lower grades and lower-quality

programs with decreasing achievement, they felt less and less confident.
4.6 Reflections of the Researcher as the Teacher During Implementation

In the programming process, the qualitative and quantitate data were collected and
analyzed to understand the influence of pair-programming technique on
programming confidence and programming achievement of secondary school
students. The findings of the study were presented in the result section. In addition to
these findings of study, the teacher as a researcher observed some behaviors of
students. These reflections were presented to reflect the 5™ grade students in the

programming process.

In the first semester (previous semester before data collection), the interests of 5"
grade students were high at the beginning of the Information Technologies and
Software lesson. | observed the reason behind this interest that the students expected
to play games, surf on the Internet, and watch cartoons. In the first weeks, most of
the students explained that their friends in the upper classes mentioned the lesson as
a free time to play computer games and surf in social media. When | explained that
there was not such kind of activities in the lesson, their interest and motivation
decreased. Most of the 5™ grade classes gave the same reaction about the content of
the lesson. Since their parents also limited their technological device usage at home,
they expected to use them in the Information Technologies and Software class.
These limitations on the Internet and social media caused same negative expectation

about Information Technologies and Software lesson. As a teacher, | explained the
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content of the lesson and tried to motivate them to the lesson. The expectation of the
students was changing during the lesson. At the end of the first semester, the students
adapted the rules and content of the lesson. Therefore, at the beginning of the second
semester (the semester when the data were collected), the students’ expectations and

motivations were moderate.

Secondly, the students took the Information Technologies and Software lesson for
the first time in 5" grade first semester. The general behavior that they demonstrated
in the first lesson was quickly choosing the best computer and sitting alone, and they
did not want to sit together with their classmates. Since the numbers of computers
were inadequate and the technical properties were not enough for the students, some
5™ grade class students had to work with their friends in class. In this condition,
majority of group members in 5™ grades behaved selfishly. While they were sitting
together, they did not allow their pairs to use the computers, and their pairs were
complaining about not being able to use the computer fairly. The teacher had to listen
their complaints about their partners. When | talked the other teachers of 5™ grade
students, they also mentioned that the students tend not to share their materials,
lesson notes with their friends, and do not want to cooperate. The teachers mentioned
that 5™ grade students usually in competition with each other. When a student made
mistakes in the lesson, their classmates report that mistake to the teacher. Because
these 5" grade students’ selfish and competitive attitude with their classmates, most
of the students try not to show their code blocks to their partners in the first semester
while completing their activities. In all 5™ grade classes, majority of students hid
their code screens from their classmates. They turned the monitor to different sides
or closed the screen with their notebooks or their hands. Although I said that they can
work together with their classmates in free time programming activities, most of the
5% grade students hid their code blocks from their classmates.

Lastly, the 5™ grade class students and their parents cared about the grades at the
lesson very much. The average of the lesson was important for the students because
they also got points in the exam for high school in Turkey. For this reason, most of
the parents cared very much about the grade of the lesson. The 5" grade students
compared their grades with their classmates. More than building knowledge, they
were very focused on the grade. The 5" grade teachers also mentioned that the

students memorized the knowledge to get high scores in exams, after that they forgot
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most of the knowledge in the lesson. In the programming activities, | also observed
that students worked hard. Individual programmers had difficulties more but they
continued to work during the lesson. | felt that every lesson was in the mode of a
competition. | observed that for students getting high scores in each activity was the
major purpose. They did not care much about getting the information about
programming as much as the scores they got. Some students came after the lesson
and stated their feelings about getting low scores in the activities. Losing 1 or 2
points was a very big problem for them because the comparison between the
classmates. Some parents also came to school who asked for higher grades for their
students. Getting high scores from programming activities affected the motivation of
the students in other activities. | observed that when the students got high grades in
the programming activities their confidence on programming and their enthusiasm

was increasing.

During the programming activities in the Information Technologies and Software
lesson, students worked enthusiastically. The student liked the Scratch programming
environment friendly interface. Although, the students complained about the
difficulties of programming activities, they continued to work hard during the lesson.
They wanted to achieve the activities so they did not give up the activities.
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CHAPTER 5

DISCUSSION

This chapter discusses the findings of the study based on the research questions. The
findings of programming confidence and programming achievement of pair and
individual programmers and the relationship between programming confidence and
programming achievement of the students are explained, interpreted and discussed in
the light of the literature. The chapter also presents implications of the study
including practical implications and theoretical implications, and recommendation

for further research.

5.1 Programming Confidence and Programming Achievement of Pair and
Individual Programming Students

The students reported that solving programming problems mostly influenced the
programming confidence of pair-programming students. Both pair programmers and
individual programmers thought that the reason of increasing or decreasing of the
programming confidence was influenced by working with a pair. It can be said that
the pair programming technique was effective for the solution of the programming
problems with the most important factors of sharing knowledge, helping each other,

correcting mistakes.
Sharing Knowledge

The findings of the study suggested that solving the programming problems by
sharing knowledge stated as the factors of influencing programming achievement
and the programming confidence of the students. The pair programming students
mostly stated that they solved the programming problems by sharing the knowledge
while the individual programming students wished to work with a partner in the

solution of programming problems. The individual students also stated that the
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partner may find solutions of the problems because the partner may know things that
they did not. The achievement scores and the confidence scale scores results
suggested significant difference between pair and individual programming students
in favor of pair students. Although the present study suggested that pair students
shared the knowledge during the programming process and the confidence and
achievement of pair programmers were high, the study by Zieris (2015) resulted that
pair students did not understand each other in programming process and they did not
share their programming knowledge accurately. The difference might be occurred
because of level of the students in pair groups. In the present study the level of
students were the same in pair programming groups and the pair students did not

report any communication and understanding problem during the semester.

In the literature, pair programming student shared the programming knowledge with
each other which provided better learning (Dongo, Reed, & Hara, 2016). The present
study also suggested the same conclusion with the literature that the pair
programming students shared their knowledge with each other so they could achieve
more in this way. Similar with the present study, the pair programming students had
more fun while sharing knowledge with their partners and working collaboratively
(Isong et al., 2016). The content analysis result about emotions during programming
also suggested that the pair students felt fun while working with a classmate. The
cooperative learning also was a way of working together to solve the problems by
sharing knowledge (Sharan & Sharan, 1987). The cooperative learning enhanced the
learning of the students by sharing their knowledge and experiences in a social
platform (Bailey & Africa, 2017). It can be said that sharing knowledge during the
programming process may enhance the learning of the programmers. Similar with
the literature, the pair programming students’ responses in the present study may
suggest that pair programmers solved programming problems by sharing knowledge
to achieve the goals of the activities. The pair programming students also suggested
that their knowledge of programming increased by sharing their knowledge with
their pairs. However, the study of pair programming technique revealed that although
pair programming students may have larger knowledge about programming by
sharing knowledge with a classmate, the knowledge that they got could not be deeply
assimilated by both pairs (Ally, Darroch, & Toleman, 2005). Similarly, in the present
study, the pair-programmers reported higher levels of learning because of sharing
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with their pairs, and their rubric scores were significantly higher than individual
students. However, their individual performances were not obtained in this research,
and therefore, it is possible that some of the students in pair groups may not achieve
as much as they achieved as a pair. On the other hand, pair-students’ reports on
increased learning may be due to the fact that they were novice programmers and
they were learning the basic programming concepts and programming logic. As there

are many topics to learn, the students may perceive they learned a lot.

Although most of the pair programming students responded that they shared the
knowledge in programming problems, some students in both pair and individual
programmers responded that the important thing was learning the content of the
activities in the first lesson from the teacher and they mentioned that when someone
could learn the necessary codes in the first hour, they could complete the activities. It
can be said that some students may think the way of solving the programming
problems was listening the content of programming in the first lesson of each week.
The reason for this result may be due to lack of knowledge or experience on the
programming subject. The students may complete the activities individually but
being a novice in the programming context may cause them to prefer working with a

partner and share the knowledge with a classmate.
Helping Each Other

One of the most important findings of the study suggested that getting help from a
classmate or teacher eases the solution of problems in computer programming. The
pair programmers responded that solving the complicated programming problems
was easy with the help of the classmate. The students stated that the partners could
find solutions that they did not solve in the programming activities. The confidence
of pair programming groups was significantly different from the individual
programmers that the items in the confidence scale evaluated high in the pair
programmers. The responses of the students in the interview suggested that getting
help of a classmate increased their confidence during the programming activities.
The well-designed pair programming environment provided better learning by pairs
helping each other while learning the programming context (Cliburn, 2003). The
studies supported the present study with similar results that, the individual

programming students also needed more help than pair programming student because

111



pair programming students could complete the programming activities by helping
each other (Faculty, 2016). The socialization also occurred between the students
since they communicate with each other to get help for the programming concepts
(Zhong, Wang, & Chen, 2016). According to the responses of the students in the
present study, partners highlighted that the success of implementing pair
programming technique depended on the better communication of the pairs. Some
students stated that they worked with their classmate by talking and sharing ideas.
However, Williams et al. (2002) indicated that the miscommunication between the
pairs sometimes caused the problems among the pairs and the students could not
achieve their common goals. In contrast with the Williams’ results in the literature,
the presents study suggested that the communication between the pairs provided to
complete programming activities successfully. The pair programming students also
responded that the communication between the pair groups provided their friendship
closer than before. Different from the literature, the pair students did not reported any
miscommunication with their classmates in programming process. Bevan et al.
(2002) also resulted that creating codes was difficult in pair programming because of
the organization of pair groups and arranging the time for both of the pairs. The
present study was differentiating from Bevan’s research that the arrangement and
organization of the pairs was done by the teacher and the pairs did not have any
problems in organization of pair programming. The difference might be occurred
because of the age and the grade level of pair programmers. In adult education,
students may arrange and organize the pair programming sessions by themselves but
in the present study the students were 5™ graders and the organization of the pair

programming technique was made by the teacher.

The cooperative learning instructional method supported the pair programming
technique in terms of the key elements of face to face promotive interaction, group
processing and development of team work Johnson, Johnson, and Smith (1998)
resulted that the key elements of cooperative learning enhanced the pair working to
provide achievement of the students. The achievement scores suggested that the
significance difference was occurred between the pair programming and individual
programming students that pair programming students were achieved more in
programming activities; the interview result also suggested that the students stated

that they achieved more and solves programming problems with the help of their
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partners. The study may suggest that the students mainly focused on the needs of a

classmate in order to complete the programming activities with success.
Correcting Mistakes

According to the findings of the study, pair programming was effective technique
that provides the opportunity of correction of mistakes in the codes easily. The
programming students stated that they had some difficulties in programming
activities especially in the last activities and several mistakes were done during the
programming process. The individual programmers stated that they had several
mistakes in the logic and sequence of the codes. Moreover, the pair programmers
also indicated that complicated codes caused to make some mistakes in code blocks.
Similar with the present study, the implementation of pair programming technique
resulted that that the code correctness of pair programmers was higher than
individual programmers since the mistakes were corrected by the partners’
suggestions (Isong et al., 2016). The pair programming technique created fewer bugs
in the codes (Begel, 2008). Declue (2003) also indicated similar result with the
present study that pair programmers corrected the mistakes of each other and
produced quality codes. Although the pair programming technique reported as a
useful technique while correcting the mistakes of the programmers, some of the
studies presented different result from the present study. One of the study resulted
that the conflict between the pair programmers caused the ineffective working
environment (Williams et al., 2002). The study Williams and Upchurch (2001) also
indicated that pair —pressure between the pairs caused to work individual working in
pair programming groups. Moreover, Arisholm (2007) resulted that pair
programmers did not create codes without any mistakes. However, the present
research suggested different result that the pair programming technique was useful
for the completion of programming activities in terms of catching the mistakes of
each other and correcting them quickly. The individual programming students also
responded that they had difficulties on programming activities they could not find the
mistakes of the code blocks by themselves. The result might be showed that there
might be correlation between agreement of pairs and their confidence and
achievement in computer programming. The pair pressure and conflict between the

pairs in the present study might be prevented by teacher by observing the students’
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agreement and checking the role of the students during the programming process.

This may decrease the communication problems of the pair groups.

In the confidence scale, the related item which was “although I handle most of the
courses I make mistakes absolutely on the problems of programming” with the
correction of mistakes suggested that the individual students made more mistakes in
programming problems than pair students. Pair programming students’ confidence
was higher than individual programmers. It can be also said that some of the
individual programming students may feel helpless in the complicated programming
problems so the students may think that the pair programming technique was unique
way of correction of mistakes in programming process. The programming confidence
of the individual students may also decrease due to not being able to correct their
mistakes. Although majority of the students believed that the pair programming
technique helped them in the correction of mistakes in the code blocks, a few
students indicated that if they had more information about programming or
concentrate on the first lesson more, they would have completed the programming
activities without mistakes either in pair groups or individually. Since all of the
participants were novice, this response of the students might be due to their need for

information on computer programming topic.

Although both of the groups made mistakes in the code blocks, the programming
achievement of the pair programming students was significantly different from the
individual programmers. The findings may suggest that computer programming was
complicated for the novice programmers and the mistakes occurred because lack of
knowledge about programming. The mistakes may also be caused by the limited
resources that the students get during the programming activities. The students might
be more successful in the activities but the searching Internet or a book was not

allowed during the implementation.

Secondly, the programming process of pair students and individuals were influenced
by the factors which were task competition time, quality of products and motivation.
In the programming process, the students mentioned how the factors influenced their

confidence.
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Completion Time

According to responses of the students, completing the programming activities
quickly improved the programming confidence of the students. The interview result
of the present study suggested that the time was essential factor for completing the
programming activities. The study suggested that pair programming students
completed the activities quickly because the partners helped and solved the problems
during the programming activities. A study in the literature showed that the pair
programmers could complete two activities as spending 15% less time but the solo
programmers used this time only for one activity (Williams & Kessler, 2000). The
Williams’s and Kessler’s research supported the present study in terms of pair
programmers finished the activities faster than individuals. However, the study by
Plonka and Sharp (2012) resulted that the time pressure affected the motivation of
the pair programmers negatively during the programming sessions because forming
the groups as one novice and one expert programmers. In contrast with the study of
Plonka and Sharp (2012), the present study suggested that the students finished the
programming activities quickly with their partners and the motivation of the pair
programmers were high. The reason might be the differences are capabilities
between the expert and novice programmers but all of the students were novice
programmers in the present study and they had equal knowledge about programming.
Moreover, the study by Alves, Salge, and Berente (2016) resulted that although the
observed result suggested that similar result with the present study that the pair
programming students wrote the codes quickly, the statistical result indicated that
there were no significant difference between the pair and individual programmers in
terms of completion time. Furthermore, wasting the time on computer programming
enhances the learning of programming concepts and this might be beneficial for the
students in the process of creating quality products (Mcchesney, 2016). The
suggestion of this study in the literature might be beneficial for the students but the
present study was observed the pair and individual students in limited time period.
The activity duration was 40 minutes in the present study and it cannot be extended

due to being in the school schedule for students’ other courses.

Many individual students reported in the interview that they could not finish their
activity on time and got low scores, while pair-programmers finished their activities

fast and with ease. Different from the individual students’ responses in the present
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study, the study conducted by Lewis (2011) 6" grade individual programmers
completed the programming activities faster than pair programmers because pair
programmers wasted their time for communication. Moreover, the study of
Swamidurai and Umphress (2015) also presented different results that the completion
time of the programming activities was not reduced with the pair programming
technique. The difference between the present study and literature might be due to
the characteristics of students and their experience on programming. The 5" grade
students did not report any communication problems between the pairs and duration
problem in programming activities. The importance of getting good grades among
the 5™ grade students might provide different results from the literature. Students
may work hard to get good grades with their partners and this may provide them to
finish the activities on time or before the given time. The individual students reported
that the programming achievement was decreasing while not completing the
programming activities on time. It was revealed that the students compared their pace
and scores with the pair programmers. This may have caused to decrease
programming confidence of the individual students.

Quality

Improving the quality of the product was one of the findings of the study which
influenced the programming confidence of students. The responses of the students
suggested that the pair-programming students produced quality products since they
worked with their partner. The result highlighted that producing quality products
depended on working with their partners. The studies of Nilsson (2003); Williams
and Kessler (2002) stated that pair programmers created quality programs with the
usage of pair programming technique. Moreover, the similar result with the present
study showed that the pair programming students produce more quality products than
individual programmers with less errors in codes and less codes in the software
(Faculty, 2016). Furthermore, the study conducted by Salleh et al. (2011) correlated
with the present study that benefits of pair programming technique indicated as
productivity on technical issues, quality of design and programming and the
achievement of programmers. The cooperative working provided to produce high
quality codes with pair programming (Begel, 2008). While the present study were
supported by several researches in the literature, Ally et al. (2005) resulted that the

116



quality of programs that pairs produced were lower quality products than individual
programmers’ because the management of the codes with a partner caused some
problems. One possible reason for the conflicting results of this study with the
present study might be due to the programming environments. The current study was
implemented on the Scratch programming environment in which students create code
blocks by drag and drop method. The other reason for this different result might be
difference in the knowledge, experience, and age of students in pair groups.

The programming confidence scale suggested in the related items which was about
creating complex programming activities with a success that pair programming
students had more programming confidence in the last confidence scale results. The
achievement score of the students suggested that the pair programming students
achieved more and most of the pair programmers completed most of the
programming activities without any mistakes. This result may suggest that the pair

programming students produce quality products by working with a partner.

Apart from the suggestion of producing more quality products by pair programming
technique, a few pairs in pair groups stated that they produce quality products
because they knew more information than their partners. However, these students
stated that if they had a chance to choose who their partners would be during the
programming process, they would prefer to work with a partner although they knew
more than their partners. They explained that even though they knew more than their
partners; they felt more confident while someone sitting near to them. It can be
revealed that some students may prefer working with a partner to feel more
confident. This might be reason of being novice in computer programming. The
programming confidence of pair programming students was high, so this may be an

essential factor.
Learning

The findings of the study suggested that the implementation of the pair programming
technique enhanced the learning of students in programming. The pair programming
students stated that they learned more with the help of their partners. Students shared
knowledge, questioned, guided each other while creating code blocks. The literature
supported the present study that the students worked together and answered the

questions of their projects, so the pair programming students understood and succeed
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in most of the programming concepts (Cockburn & Williams, 2000). Moreover, the
study by Hulks and Abrahamsson (2005) also presented similar result with the
present study that pair programming technique was beneficial in a learning
environment in terms of solving the programming problems, correction of mistakes,
and creating complicated codes. Similar to the present study, the integration of pair
programming technique into programming course provided to enhance learning of
programming, and beneficial for the achievement of programmers in the
programming courses (Isong et al., 2016). Moreover, the present study suggested that
helping each other in programming process improved learning programming
concepts, Dongo et al.(2016) also supported the present study that the pair
programming students learned more by helping each other than individual students
although the individual students was the hard worker students of the class. In the
present study, the programming achievement of the pair programmers was found
high and programming confidence scale also suggested that the confidence of pair
programmers was high. Similar results revealed by Williams and Kessler (2000) that
since the programming students was highly achieved with the pair programming
technique, they had more confidence in the programming courses. With this
literature, it can be said that there might be relationship between programming

confidence and programming achievement of pair programmers’.

These findings may suggest that the novice programmers may needed to work with a
partner in programming to be more confident and successful early in their
programming experience. Since they may not be prepared for the programming
problems yet, the pair programming technique may be a useful technique for better
learning in computer programming. However, Braught, Eby, and Wahls (2008)
resulted that there was no significance difference between the pair programmers and
individual programmers’ achievement score. Different from this literature, the
present study suggested that pair programming students achieved more and they
stated that they learned more codes with their pairs. The difference might be
occurred because of the experience of students on computer programming. The pair
programmers did not have any programming experience in present research so

working with a classmate may provide better learning.
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Motivation

The responses of the students showed that motivation was one of the essential factors
for the improvement of the programming confidence and programming achievement
of the students. The pair programming students responded that their motivation was
high since they worked and completed the programming activities quickly. However,
most of the individual programmers responded that the motivation of them was low
because the pair groups completed the activities quickly and with fewer errors. The
study may suggest the motivation was related to the programming achievement and
programming confidence. Low motivation may be influenced by low achievement
and in turn, it may result in low achievement and decreased confidence. The
programming achievement scores of the pair and individual students may support the
responses of the students that individual students achieved less than pair
programmers in the activities. Since the motivation is an essential factor for learning,
the getting low achievement may influence the motivation factor directly. The results
of the study by Isong et al. (2016) supported the present study in which the
implementation of pair programming provided significance difference on the
motivation of the students in programming courses. Moreover, the study of Salleh et
al. (2011) also stated the similar result with present study that pair programmers
could create successful programs in terms of each pairs had same levels of
programming skills and motivation. Different from the literature and present study,
the result of an earlier study (Ally et al., 2005) showed that the method of forming of
pair groups was vital for the motivation of the programmers since one of the students
in pair programming groups may decrease the motivation of the pairs. The current
study suggested different findings that the pair programming students worked
harmoniously and there were not any reported problems of motivation differences
among pairs for pair-programmers. The different result may occur due to the
characteristics of the students in pair groups. The 5™ grade students in present study
used to work each other so they worked harmoniously. In contrast with the present
study, some students were unmotivated in pair groups because they could not
adapted to each other and to the course (Hanks, 2004). In the present study, students
could not report any problems about adaptation to their pairs or the course. This

difference might be occurred because the 5™ grades students accustomed to each
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other. Since the pair programming technique implemented in the second semester,

the 5™ grade participants were also accustomed to their teacher and the course.

According to responses of the individual programmers, it can be said that the
individual programmers had high motivation at the beginning of the lesson but after
the difficult activities their motivation decreased and they attributed this to their lack
of help with a classmate. The students mainly claimed as a reason of low motivation
was deficiency of a partner. The only difference between the two groups (pair
programmers and individual programmers) was that pair programming students had
partners during the programming process. As noted before the students completed
the programming activities with the knowledge of their teacher gave them in the first
lesson of the week and searching internet or asking to the teacher was forbidden
while completing the activities. As individual students felt lack of resources during
the difficulties of solving the problem, they wanted a pair. Although most individual
students reported that they needed a partner, some other individuals reported the need
for additional resources. The students stated that if they had more information and
resources they would become more successful in the programming activities. It can
be inferred that the students accustomed to research the unknown information in the
portal of EBA which is prepared by Ministry of Education in Turkey for most of the
lesson. The students may become more achieved and confident by searching the
usage of code blocks in EBA and Scratch web platform. They also may not need help

of a classmate by acquiring the resources about the computer programming.

Thirdly, being pair programmer or individual programmers influenced the
programming confidence and programming achievement of the students. The
interview result reported that disagreements, programming ability differences and
workload were the factors that the programming confidence and programming

achievement were influenced.
Disagreement

Agreement is important factor for the pair programming technique. The findings of
the result suggested that the pair programming students mostly agreed with their
partners during the programming process but disagreements occurred among the
pairs mostly in the visual design of the Scratch environment. The individual

programmer students did not mention any agreement or disagreement issue since
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they had to study alone. However, the majority of studies in the literature were
differentiating from the present study. According to Begel (2008) pair programmers
had difficulties on agreement with the partner and the pair programming students
wasted their time for deciding which decision was applied. The study of Begel
(2008) also indicated that working with a partner who had difficult personality
caused to occur discussions between the partners. The disagreement between the
driver and navigator occurred while creating syntax and spelling error that the pair
programming groups discussed to decide the accurate codes (Bryant, Romero, &
Boulay, 1999). It can be inferred from the suggestion of the interview result of the
study that since the students encountered with the computer programming first time
in the 5™ grade, they may fail to complete some parts of the code blocks. For the
reason of this, they might allow to their partners to implement their ideas to complete
the programming activities. As stated before, the participating students were
concerned about the grading a lot during the implementation. Therefore, they might
unwillingly compromise to successfully complete the activity on time. Even when
they had disagreements about the design, for the sake of completing the activity on

time, they may compromise.

Although the interview of the study suggested that the pair programming students
agreed on the creating of code blocks, they had disagreements on the design or the
programming environment in Scratch. It can be said that the students may care about
the coding part of the study than design part because the students focused on getting
higher grades from the activities. The reason behind this priority might be the
distribution of points in the achievement rubrics in which the coding part provided
more point than designing part. According to achievement rubrics, the programming
achievement was higher in the students whom worked with their partners
harmoniously and the programming confidence also high in these students. The
programming confidence scale results suggested that the pair programmers were
more confident than individual students. The results were also supported by the
suggestions of interview of the students in this term. In contrast with the present
study, Ally et al. (2005) revealed that individual programmers were more confident
while making decision about the usage of coding and taking responsibilities about
their decisions. This opposite result may be occurred in terms of the 5™ grade

students had disagreements on design part of the projects so the role of creating code
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blocks was much more essential for the completion of programming activities
successfully. Disagreement was not a big problem for the pair students in the present
study because most of the disagreements occurred in design part but the
programming confidence of the students may decrease due to disagreements between
them regarding coding if one of the pair programming students or both of them were

expert in computer programming.
Workload

The findings of the study suggested that the workload problem was a factor that
influences the programmers negatively during the programming process. The
interview result may suggest that pair programming students did not mention any
workload problem during the programming process and they reflected that they
worked with their partner mostly harmoniously. On the other hand, the workload
problem was mentioned by the individual programmers. The individual programmers
stated that they had to work more to solve their programming problems. As different
form the interview result of the study, some of the research studies in the literature
resulted that the pair programming students also coped with the workload problems.
McDowell, Hanks and Werner (2003) stated that one of the pair students worked
more and complete the most of the steps in the programming projects while other
partners work less or any. Williams et al. (2002) also resulted that when the students
in pair programming worked on the same role throughout the programming process,
unbalanced work shared between the partners occurred. According to Williams et al.
(2002) the students did not gain some programming skills because one of the partners
worked more on the programming process. The interview results of the present study
suggested that the pair-students did not report any unbalanced work for the
completion of the activity while they sometimes reported their different levels of
knowledge. The reason behind the differences between the interview results and
some research studies in the literature may be explained due to differences of age,
knowledge, and skills. While the 5™ grade students were all novice programmers and
know little about programming other than listening to their teacher in the first lesson,

their knowledge levels and abilities were not expected to be too diverse.

Goos, Galbraith, and Renshaw (2002) indicated that the pair programming develops

the metacognition of the programmers when the programming students observe their
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partners, analyze the process of programming and got information about the methods
of correcting the mistakes in codes. Similar with literature, the present study
suggested that the pair groups enhanced their learning by sharing knowledge,
observing the partner and correcting the mistakes in code blocks. Moreover, the
individual students also highlighted the importance of working with a partner during
the programming process. The literature and the present study correlated in the
improvement of students’ metacognition in the novice pair programming groups.
However, this result might be different in the expert pair programming groups. Since
all of the students were novice in the present study, the students had to work
harmoniously, observe each other or correct the mistake of each other to complete

the programming activities successfully.

It can be inferred from the interview of the students that the 5™ grade students stated
that the computer programming was difficult and they learned the programming
subject first time, so working with a partner may provide more programming
confidence and more programming achievement in their learning process. The study
Bailey and Africa (2017) resulted that the IT teachers mentioned the significance of
working pairs in programming by helping each other and sharing their knowledge
but students wanted to work individually to experience the computer programming
on their own. The present study suggested that although the students wanted to use
the computer individually at the beginning of the year, they stated that they preferred
to work with a partner during the programming activities because the pair groups
coped with the problems of programming and they shared the works in the activities.
However, it is possible that the students might prefer to work alone again after they
have experiences with a pair. Therefore, instead of forming individual and pair
programming in class for a long period of time, the formation can be changed
regularly so that the individual students experience pair-work and pair-students

challenge themselves individually.

The majority of the students in the current study mentioned that they needed to work
with a partner because they had limited knowledge in computer programming. The
cooperative learning instructional method also supported this claim in terms working
in a group to enhance the programming learning of the students (Rogoff, 1998). The
confidence scale in the present study also suggested that the programming

confidence of the pair programmers were higher than individual programmers. The
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confidence scale items of the scale suggested that the pair programming students had
more programming confidence because they shared the works and they created the
complicated codes easily. Moreover, the results of achievement rubrics indicated that
the pair programming students achieved more. Sharing the works in the
programming activities may provide more achievement since the students had chance

to think and correct the mistakes of their partners.
5.2 Conclusion

This case study explored the influences of pair programming technique on secondary
school students’ programming confidence and programming achievement. According
to results of the current study, pair students perceived that the pair programming
technique enhanced their computer programming learning and improved their
programming confidence. The pair programming students felt more confident than
individual programmers. They commented that sharing knowledge, helping each
other, correcting mistakes in code blocks were the most important factors for the

improvement of their programming confidence and programming achievement.

Both of the groups (pair and individual) mostly preferred working with a classmate
because the computer programming was a new subject for them and the students
accustomed to work in groups in their courses. Most of the novice programmers
commented that solving programming problems was a big problem while completing
the programming activities and the getting help of a classmate was the common
response of the students for the solution of programming problems. Alternative
resources for solving programming problems were preferred less than working with a
classmate from the students in the process of programming. The support of a
classmate for the novice programmers of 5™ graders accepted as the most important

factor that influenced their programming confidence and programming achievement.

There were also some positive and negative outcomes of working individual and pair
in computer programming activities. The motivation, learning, quality of products
and the completion time were the essential factors that influenced the programming
confidence and programming achievement of the students. The result of the study
indicated that the learning process of the students in computer programming was
enhanced by the pair programming technique. The pair programming students

commented that they learned more code blocks with the help of their partners. On the
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other hand, the individual programming students reflected their needs of help and
resources on the solution of programming problems. The needs of a partner occurred
when they encountered difficult programming problems while they previously
wanted to sit alone and use the computer for themselves. The difficulties in the code
blocks compelled to students worked with a classmate. Most of the students
commented that they preferred working in groups because their classmates could

solve the problems that they could not solve.

The disagreement and workload of the pairs were the negative factors that influenced
the pair and individual programming students during the programming process. The
disagreement of pairs accepted as essential problems of the pair programming
technique according to literature. However, the pair programming students did not
mention that the disagreement problem as important as the literature. The current
study resulted that the disagreement mostly occurred in pair programmers in the
design of the Scratch working environment and not with the coding part which was
essential for the success of the students in the course. The workload occurred some
of the pair programming studies in the literature but in the present study the
individual programmers had to work more than pair programming students. The
reason explained in the result of the study as individual students had to try more

codes to complete the programming activities.
5.3 Implications of the Study

The current study presents a number of implications for practice, theory and
research. The practitioners of the study are students and teachers who deal with
computer programming education. The influences of pair programming technique on
programming achievement and programming confidence of secondary school
students research subject also presents some implications for theory and research for
the literature. The major implications of the current study may be providing deep
understanding about the influence of pair-programming technique on programming

education of secondary school students.
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5.3.1 Implications for Practice

Since the method of the study is case study about the possible influences of pair
programming on programming confidence and programming achievement of
secondary school students, it may not be generalized to other settings, but
practitioners can utilize the practices and research results in this study. Firstly, the
findings of the study provided an understanding of the experiences of the pair
programming students and individual programming students in several factors. The
pair programming technique indicated in the study that the programming confidence
and programming achievement of pair programming students influenced positively
so the other computer programming teachers can benefit from the technique in the
education of computer programming. The sitting scheme of the students could be
designed according to pair programming technique implementation. The computer
literacy teachers also can compare their instructional methods, technique or model
with the pair programming technique and they can combine the pair programming

technique in the education of computer programming.

Secondly, the factors of sharing knowledge, helping each other, correcting mistakes
were the important factors for the solution of programming problems in the study.
The teachers of computer literacy lesson, students who learn computer programming
can benefit from the experiences of the pair programming students to determine
beneficial way for the solutions of the problems that occur during the programming
session. The comments of both pair and individual programming students can
provide to create a framework for the education of computer programming for the

teachers.

Finally, the usage of visual programming environment and pair programming
technique can provide a new way for the computer programming education. The
study indicated that the technique motivated to students in terms of getting support
from a classmate. Moreover, learning of computer programming can facilitate with
the usage of the technique. Thus, the teachers can evaluate the findings of the study
from other studies and can have broad point of view about the different methods,
techniques and strategies. This may be beneficial for the improvement of the teachers

in the education of computer programming.
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As stated in my personal reflections at the end of the “Results” section, before the
start of the implementation, the students were very selfish in terms of their desire to
sit on the computer alone, using it selfishly without allowing their pairs to use it
fairly, and did not want to cooperate. However, the reports of the students showed
that the students finally recognized the advantages of sitting together, working
cooperatively on the same task, and most importantly sharing knowledge. The
implementation had a positive influence on the students’ attitudes toward
cooperation and sharing in my class. Therefore, the teachers who have similar
student attitudes in class may utilize pair-programming technique not only to help

them learn from each other, but also to appreciate the value of cooperation.
5.3.2 Implication for Theory and Research

The study was implemented to understand the influences of the pair programming
technique on confidence and achievement of secondary school students on computer
programming. Since the pair programming technique was commonly used in
software industry and adult education, the limited research studies were available for
practice in the secondary school students’ education. The study showed that the pair
programming technique was coherent with the cooperative learning method in terms
of the 5 key elements of cooperative learning. This contributed to analyze the pair
programming method with an instructional method of cooperative learning. The
study contributed to literature by providing deeper knowledge about the experiences
of pair and individual programmers. Moreover, the study supported to the benefits of
pair programming on the secondary school students learning, confidence, motivation

and achievement.

The study may provide to close the gap in the literature about the secondary school
students’ programming education with the pair programming technique. Since the
limited studies were implemented for the secondary school students, the case study
may provide to examine the experience of the pair and individual programmers
deeply. Since the pair programming technique was mostly used in the software
development process, the studies commonly focused on software quality, cost, and
time factors. The study also may close the gap that the usage of pair programming in

education by examining the different factors such that learning, sharing knowledge,
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motivation. Finally, the study also may guide for the similar research studies on the

understanding of influences of the pair programming technique for K12 students.
5.4 Limitations of the Study
The study had some limitations which are listed below;

e This study did not measure pair students’ individual achievements after the
implementation. Rather, the study aimed to compare the achievement of group
and individual programmers with regard to the quality completion of the given

tasks.

e The students’ opinions might be influenced from each other because they were
in the same classroom during the implementation. These opinions may also
influence their achievement and confidence. Most individual students envied pair-
students because of their success and completion time. However, this study which
iIs mainly a qualitative research focused more on how these two groups
experienced the implementation and whether their confidence and achievement
changed after the implementation. This situation may be inevitable even without
the special arrangement if the number of students is more than the available
number of computers in the classroom. Therefore, exploring their experiences of
being in the same environment of both individual and pair programmers were also
valuable, because the students form their opinions by observing others, instead of

experiencing only their own unique situation.

e The result of study is only limited for the one school and one class in Turkey.
Design of the research was case study and the results might not to be generalized
to in other contexts. However, it provides a description of the potential of pair-
programming in novice programmers’ confidence, possible influential factors, and
achievement in one classroom to help especially practitioners and teachers to

make informed decisions while designing their own programming courses.

e During the interviews, the students tended to give direct and short answers to
the questions of interview due to their age level and therefore, the depth of their

explanation was low.
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5.5 Recommendation for Further Research

The study aimed to understand the influence of pair programming technique on
programming confidence and programming achievement of secondary school
students’ in a detailed way. The process of the research showed that some
recommendation can be done for the further research studies.

e The alternative research studies can be implemented for the pair programming
students’ individual achievement and individual confidence in order to understand

the influences of the pair programming technique.

e In the study the pair programming and individual programming students
worked in the same classroom so the further research studies can be implemented
from two different classrooms to prevent the influences of two groups of students

from each other.

e The design of the study was case study so the generalization could not be made
in the finding of the study. The further research studies can use other research

designs to make generalization and comparison from the findings.

e Scratch visual programming environment was used for the study; instead of
Scratch programming environment, different programming environments can be

used for the implementation of the pair programming technique.

e The participants of the study were secondary school students and the 5™ grade
level was used for the study. Similar studies can be implemented with different

levels of participants and in different contexts.
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APPENDIX A

Q-Q PLOTS AND HISTOGRAMS FOR NORMALITY
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Normal Q-Q Plot of Confidence1
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Normal Q-Q Plot of Achievement
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Normal Q-Q Plot of Achievement
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APPENDIX B

INTERVIEW PROTOCOL FOR STUDENTS (TURKISH)

GORUSME FORMU

ARASTIRMA SORULARI:

1. How the application of pair-programming technique influences the
confidence level of secondary school students during the programming process?

2. How the application of pair programming technique influences the
achievement level of secondary school students during the programming
process?

Giris

Merhaba, adim Habibe KARAOGLU. Orta Dogu Teknik Universitesi Bilgisayar ve
Ogretim Teknolojileri Egitimi Anabilim Dali’nda hem yiiksek lisans dgrencisi hem
de Milli Egitim Bakanliginda Bilisim Teknolojileri ve Yazilim 6gretmeniyim.
Ortaokul o6grencilerinin grup programlama teknigi ile kodlama &grenmelerinin
basartya ve Ozgilivene etkisi tlizerinde arastirma yapmaktayim. Gorligmemize
gecmeden Once, goriismemizin gizli oldugunu ve goriismede konusulanlarin yalnizca
benim ve bazi arastirmacilarin  bilecegini belirtmek isterim. Uygulamadaki
paylasimlariniz baska kimseyle paylasilmayacaktir. Bunun yaninda arastirma
raporunda isimleriniz kesinlikle yer almayacak, bunun yerine takma isimler
kullanilacaktir.

Gorligmemize baglamadan Once sormak istedigin soru ya da belirtmek istedigin
herhangi bir diislincen var m1?

Goriismelerin - kaydedilmesi konusunda ne diisiinliyorsun? Goriisme sonunda
istemediginiz baz1 bilgileri silebilirsin.

Gortismeye devam etmek istiyor musun?

Goriismemizin yaklasik yarim saat siirecegini tahmin ediyorum. izin verirsen
sorulara baglamak istiyorum.
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GIRIS/ISINDIRMA SORULARI

1.1.Bilisim Teknolojileri dersine kars1 diisiincelerin nasil? Derste en ¢ok ne

yapmaktan zevk aliyorsun?

1.2. Bilisim dersinden 6nce animasyon ve kodlama ile ilgili herhangi bir deneyimin
var miydi1? Varsa hangi kodlama programini kullandin tecriibelerinden bahseder
misin?

1.3. Bilisim Teknolojileri dersi disinda kodlama bilgini gelistirmek i¢in ¢alistyor
musun? (internetten arastirma yapmak, kursa gitmek gibi.)

ICERIKLE ILGILI SORULAR

BIREYSEL PROGRAMLAMA SORULARI:

1.

Programlama aktivitesini tamamlarken tek basina calismak sana ne
hissettirdi? Zorluk yasadin m1? Nasil ¢6zdiin?

Ders i¢i programlama aktivitesinde karsilastigin sorunlara karsi tavrin nasil
olur? Calismani nasil siirdiirtirsiin? Pes eder misin?

Sence derste 6grendigin bilgiler aktiviteyi tamamlamak ici yeterli miydi?
Programlama aktivitesini tamamlarken daha fazla bilgi, kaynaga ihtiyag
duydun mu?

Programlama aktivitesinin her adimini basariyla tamamlayacagina inandin
mi1? Zorlandigin kisimlarda neler diislindiin?

Diger derste yeni aktiviteyi tamamlarken grup halinde mi yoksa bireysel mi

caligmak istersin? Neden?

GRUP PROGRAMLAMA SORULARI:

1.

Programlama yaparken arkadasinla ¢alismak nasil bir durum? Sana neler
hissettiriyor?

Ders i¢i programlama aktivitesinde karsilastigin sorunlara karsi tavrin nasil
olur? Calismani nasil siirdiiriirsiin? Pes eder misin?

Derste 6grendiginiz bilgileri kullanirken grup arkadasiyla ¢alismak aktiviteyi
tamamlamay1 nasil etkiledi.

Katkist var mi1?

Zarar1 var m1?

Programlama etkinligini tamamlarken grup arkadasinizla programlama
yapabileceginize dair 6zgiiveniniz degisiyor mu? Ne diisiiniiyorsunuz?
Diger derste yeni aktiviteyi tamamlarken grup halinde mi yoksa bireysel mi
caligmak istersin? Neden?
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APPENDIX C

CONFIDENCE SCALE (TURKISH)

ORTAOKUL OGRENCILERI iCiN PROGRAMLAMA EGIiTiMiNDE
OZGUVEN

Bu anket programlama egitiminde Ogrencilerin 6zgiiveninin degerlendirilmesi
amactyla hazirlanmistir. Anketi doldurmak i¢in:
» Her maddeyi dikkatlice oku ve uygun olan boliimii isaretle.
» Sorulara ait tek bir dogru ya da yanlis cevap yok bu nedenle gergek
diisiincelerini yansit.

> Liitfen biitiin sorulari cevapla.
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Kesinlikle
katiltyorum

Katiliyorum

Kararsizim

Katilmiyorum

Kesinlikle
katilmiyorum

Bilgisayar alaninda iist diizey ¢aligmalar

! yapabilecegime eminim.

) Programlamay1 6grenebilecegime kesinlikle
eminim.

3 Daha zor programlama problemlerinin iistesinden
gelebilecegimi diisiiniiyorum.

4 | Programlama dersinden yiiksek not alabilirim.

5 Programlama konusunda kendime giivenim
oldukca yiiksektir.

6 | Programlamada basarili degilim.

7 Ust diizey programlama yapabilecegimi
diistinmiiyorum.

8 | Programlamayi iyi yapabilecek bir degilim.

9 Nedense, ¢ok calismama ragmen programlama
bana ¢ok zor geliyor.
Birgok dersin listesinden gelebilsem de

10 | programlama problemlerinde mutlaka hata
yaplyorum.

11 | Programlama dersi en kotii oldugum derstir.

12 | Programlamada genellikle iyiyimdir.

13 Benim i¢in programlama ¢ogu sinif arkadasima
gore daha zor.

14 | Programlama gii¢lii yanlarimdan biri degil.

15 | Programlamadaki konular1 ¢abukga 6grenirim.

16 | Programlama kafami karistirir ve beni gerer.

17 Zor olan programlama problemlerini ¢ozmekte
basariliyim.
Ogretmenim zor da olsa programlamay iyi bir

18 . . e e e
sekilde yapabilecegimi diisiiniir.

19 Ogretmenim bana programlamada iyi oldugumu
sOyler.

20 Programlama dersi benim i¢in diger derslerden

daha zordur.
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APPENDIX D

CONFIDENCE SCALE (ENGLISH)

PROGRAMMING CONFIDENCE SCALE FOR SECONDARY SCHOOL
STUDENTS IN PROGRAMMING EDUCATION

This scale was prepared to evaluate the confidence of secondary school students in
computer programming. To fill the survey:

» Read each statement carefully and mark your response.

» There are no rights or wrong answers. Do not be afraid to put down what you
really think.

» Please complete all of the items.
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Strongly
Agree

Agree

Neutral

Disagree

Strongly
Disagree

| am sure that | could do advanced work in computer

. science.

2 | lam sure that | can learn programming.

3 I think | could handle more difficult programming
problems.

4 | | can good grades in programming course.

5 | have a lot of self-confidence when it comes to
programming.

6 | I am no good at programming.

7 | I'do not think I could do advanced in programming.

8 | I am not the type to do well in computer programming.

9 For some reason even though | work hard at it,
programming seems unusually hard for me.

10 Most subjects | can handle, but I have a knack flubbing
up programming problems.

11 | Programming has been my worst subject.

12 | l usually do well in computer programming.

13 Programming is more difficult for me than for many of
my classmates.

14 | Programming is not one of my strengths.

15 | I learn things quickly in programming.

16 | Programming makes me confused and nervous.

17 I am good at working out difficult programming
problems.
My teacher thinks I can do well in programming with

18 | .2 oo
difficulties.

19 | My teacher tells me | am good at programming.

20 | Programming is harder for me than any other subjects.
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APPENDIX E
EXAMPLE SCRATCH LESSON PLAN AS PROVIDED IN
HTTP://[SCRATCH.IE/PRIMARY/LESSONPLANS/LESSON1

Lesson Plan 1
Under the Sea

Mathematical Skills / Concepts
Scratch Features
Curricular Links
Problem Solving, XY Coordinates
Moving Left and Right, Up and Down
Mathematics, Art, Science

THE IRISH SOFTWARE CERTIFRCATION

¢ I 0 premeenns I‘ RO OF THE
RESEARCH CENTRE

TRISH COMPUTER

SKILLS socury

Thesz lesson plans are available for free download for personal and educational use thanks to a generous grant by IC5 Skills. It is dismibuted under
a Creative Commons Attribufion-Nen Commercial-NeDenvs licence, which means that you are free to copy, distribute, and display the lesson
plans prowided you make no changes to the content (inchiding the atiribution to the authors and thess license terms); you may not wse these lesson
plans for commercial purposes, ad you may not alter, Tansform, or build upen this waork. We encourage the use of this material in educational
sefings, and you are welceme to print your own copy of the lesson plan:. We welcome enquiries and suggestions, which should be directed to the
authers (see www.lero.ie'sducationoutmreack).

@ 2012 Laro MMXIEVIEVIN Version 1.01

153



Learning Objectives

The child will: Teacher Tip

Encourage childran to
# se problem solving and mathematical skills in an authentic do as much independent
setting. enparimeantation as possible.
They should be frea to choosa

+ Create an animation incorporating movement and images. their own sprites, alter distancas
# (Create an animation of a natural habitat. atc. This experimentation
will incraase children's
. understanding of Scratch.
Introduction

To support the children the teacher is encouraged to follow these steps using the interactive
whiteboard.
¢+ Ask the children to choose a sprite” from the file.

Delete the cat sprite
bry right cliching om it
and presaing delete.

*  Ask them to open the blue motion block and experiment for a few minutes.

Left and Right

+ To move right add the block “move 10 steps® to the scripts area. Double click on this
block to ses it worlk.

+ To move left use the same block. Highlight “10" steps by clicking on it. Change this to
#-10". Double click on this block to see it work.

+  Add a control to your script. Click on the control block and drag out *When space key
pressed®. Snap this onto your movement blocks.

+ Add a repeat block to make a continuous movement. Insert the block “if on edge
bounce® to stop your sprite disappearing from the screen.

Use this featere to
step your sprite from
turning wpalde down.

2 | Seratch Leason Plan
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Challenge Time 1!

1. Select 2 fish / underwater sprites from file. Be as creative as you can.
2. Use the move blocks to make them move left and right across the screen.

3. Add the "wait 1 sec” block to one of your sprites. What happens?
4. Change the wait time and see what happens.

Up and Down

+« To move up and down children will need to experiment with the v axis. Ask children to
move the sprite on the stage. Observe the ¥y coordinates changing on the bottom righ
of the stage. Try to move the sprite to (0,0). Show the children how the x coordinates
change as the sprite moves left to rght, and how the v coordinates change as the sprit
moves up and down.

+ Usethe “when space key pressed” block. Using the drop down arrow alter it to “when
up arrow key pressed”. Add the movement block “change v by 10",

+  Ask the children to demaonstrate how to move their sprite downwards.

Challenge Time 2!

1. Open a new Scratch project.

2. Select the trampoline sprite from the sprite folder.

3. Select any other sprite.

4. Create a script which allows the sprite to bounce up and down on the trampoline.
5. Add another sprite which jumps more slowtly.

"Sprites are the objects that perform ections In & Scratch project. While the Stage can also be programmed In & project, most projects have
at least one sprite as wel because only sprites can move.
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APPENDIX F

EXAMPLE ACHIEVEMENT RUBRIC (TURKISH)

Ad-Soyad Scratch Proje Adi
Deniz Alti
SCRATCH BASARI RUBRIK
Kategori 0 1 2
Proje Projeyi kullanacak diger Projeyi kullanacak diger  |Projeyi kullanacak kisiler igin gerekli
Tasarimi kisiler icin yonlendirme veyalkisiler icin yonlendirme  |[yonlendirme ve agiklamalar yapilmis.
aciklama yapilmamis. lyapilmis ancak net degil.
Yonlendirme
Proje Herhangi bir hareket yok. [Karakterlere hareket kodu|Karakterlere gerekli kodlar yazilmis ve
Tasarimi eklenmis ancak karakterler sahnede dizgiin sekilde
karakterler beklenen hareket ediyor. Ayni anda calisip ayni
Hareket sekilde hareket etmiyor fanda duruyor.
\veya sahneden
kayboluyor.
Proje Arkaplan yok. iArka plan eklenmis fakat |Uygun bir arkaplan eklenmis.
Tasarimi karakter bolimine
eklenmis diizgiin
calismiyor. Ve uygun bir
Arkaplan arka plan degil.
Proje En az bir kod grubu Kod bloklari kullanilmis  |Biittin kod bloklari amacina uygun ve
Tasarimi kullaniimamis ve gerekli ama gorinim, kontrol,  |dizgln bir sekilde kullaniimis.

Kod Bloklari

olan kod gruplarindan
gorinim, hareket ve
kontrol gibi herhangi bir kod
eklenmemis.

hareket kod gruplarindan
kullaniimasi gereken
biitiin bloklar
kullanilmamis.

Proje Eklenmesi gereken 2 2 karakter eklenmis fakat |Karakterler ve bu karakterlere ait
Tasarimi karakter eklenmemis ve bu [bu karakterlere ait kostiimler eklenmis.
karakterlere ait kostimler [kostimler eklenmemis.
. kullaniimamis.
Kostiimler/
Karakterler
TOPLAM
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APPENDIX G

EXAMPLE ACHIEVEMENT RUBRIC (ENGLISH) ADAPTED FROM
WWW.HTTP://[SCRATCED.GSE.HARVARD.EDU/RESOURCES/CREATIN
G-SCRATCH-RUBRICS

Name Project name
Under The Sea
SCRATCH RUBRIC
Category 0 1 2

Project Does not provide explanation |Provide explanation or a way for [Provide explanation or a way for
Design or a way for other people to [other people to interact with other people to interact with

interact with program. program but not clear. program.
Directions
Project No movement Appropriate motion blocks are Appropriate motions are included,
Design included, and/or sprites are not  [sprites are moving in stage and

moving and/or sprites get lost stop at the same time.
. from the stage.
Music and
Movement
Project No background. Background or backgrounds are  |An appropriate background or
Design included but are not appropriate |backgrounds are included.
place in the program.

Background
Project Not used at least one code  |Used code groups but are not All of the code groups and code
Design sroups and and/or did not usefused at least 1 from each of the |blocks are used appropriately.

at least 1 from each of the following: Control, Look, and

following: Control, looks, motion.
Blocks motion.
Project Not created and use 2 sprites [Created and used 2 sprites but are|Created and used 2 sprites each
Design and/or did not use all not used the costumes for each  |with costumes.

costumes of the sprites. sprite.
Sprites
TOTAL
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APPENDIX H

PARENT’S CONSENT FORM (TURKISH)

Veli Onay Mektubu
Sayin Veli,

Orta Dogu Teknik Universitesi, Bilgisayar ve Ogretim Teknolojileri egitimi
boliimiinde yiiksek lisans dgrencisiyim. Ayni zamanda ¢ocugunuzun bilisim
teknolojileri ve yazilim dersi 6gretmeniyim. Cocuklarin programlama egitimi
sirasinda kullanacaklar1 grup programlama teknigi hakkindaki goriisleri ve
deneyimleri hakkinda yiiksek lisans ¢alismamu yiiriitmekteyim. Bu mektup size, eger
uygun goriirseniz ¢ocugunuzun bu ¢alisma kapsaminda verilen anketi doldurmasi ve
roportaja katilmasina onay vermeniz i¢in gondermekteyim.

Bu ¢alismanin amaci Bilisim Teknolojileri ve Yazilim dersi kapsaminsa
programlama egitimi alan 5. sinif 6grencilerinin grup programlama yontemini
kullanarak programlama basarilarini ve programlamaya karsi olan 6zgtivenlerini
arastirmaktir. Bu ¢alisma neticesinde grup programlama tekniginin 6grencilerin
programlama basarisi ve 6zgiivenine olan etkisi yorumlanacak ve ¢ocuklarin
programlama egitimi konusunda yapilacak ¢aligmalara ve gilincellemelere dayanak
olacaktir.

Calismay gerceklestirebilmek i¢in ¢ocuklarinizin bazi anketleri
doldurmalarina ve roportajlara katilmalarina ihtiyag duymaktayim. Bu ¢alismaya
katilmaya izin verdiginiz takdirde ¢ocugunuz gerekli anket ve roportaj1 ders saatinde
gerceklestirecektir. Sizin onaymizdan sonra ¢alismaya baslamadan énce mutlaka
cocugunuzdan da sozlii onay1 alinacaktir. Size gonderilen bu izin belgelerinin
tarafinizca doldurulup 6grenci araciligiyla bana ulastirilmasi rica olunur.

Cocugunuzdan alinacak olan bilgiler sadece bilimsel arastirma amaciyla
kullanilacaktir. Cocugunuz verecegi cevaplar kesinlikle gizli tutulacak ve ti¢iincii
sahislarla paylasilmayacaktir. Veli olarak sizin ve ¢ocugunuzun kimlik bilgileri
kesinlikle gizli tutulacaktir, kimseyle paylagilmayacaktir.

Cocugunuzun dolduracag bilgiler sadece bilgisayar programlama
deneyimleri ve goriisleriyle ilgili olup ¢ocugunuzu olumsuz etkileyecek bir durum
kesinlikle s6z konusu degildir. Siz veya ¢ocugunuz eger bu calisamaya devam
etmekten vazgecerseniz higbir olumsuzlukla kargilagsmayacaksiniz. Calismadan

161



cocugunuz rahatsizlik duyarsa ve devam etmek istemezse durumu sahsima
bildirmeniz yeterli olacaktir.

Calismayla ilgili daha fazla bilgi almak isterseniz asagidaki iletisim bilgilerini
kullanarak bana sorularinizi iletebilirsiniz.

Tesekkiir ederim.

Habibe KARAOGLU

Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii
Orta Dogu Teknik Universitesi, Ankara

Tel: 05342572789

e-posta: habibe.krgll@gmail.com

Yukaridaki aciklamalari okudum ve ¢ocugum --------========mmmmmmmmmm oo nin

bu ¢alismada yer almasina izin veriyorum. Velinin:

Adi-soyadu: Imzast:

Tarih:

(Liitfen bu formu doldurup imzaladiktan sonra ¢ocugunuz araciligiyla bana

ulastiriniz.)
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APPENDIX |

VOLUNTARY PARTICIPATION APPROVAL FORM (TURKISH)

ARASTIRMAYA GONULLU KATILIM FORMU

Sevgili Katilimel,

Bu arastirmada, 5. Sinif 6grencilerine yonelik uygulanan programlama
egitimi sirasinda kullanilacak olan grup programlama teknigi hakkindaki goriisleri ve
deneyimleri incelemek amaglanmaktadir.

Arastirma bilisim teknolojileri sinifinda, bilisim dersi esnasinda
yiiriitiilecektir. Ogrencilere verilecek olan anket ve diger formlar programlama
basaris1 ve programlama 6zgiivenine yonelik sorular icermektedir.

Calismaya katilmak tamamen goniilliiliik esasina dayali olup katilimci
herhangi bir olumsuz durum ile karsilastiginda higbir ceza ve yaptirima maruz
kalmadan c¢aligmay1 terkedebilir. Arastirma esnasinda cevaplamak istemediginiz
sorular1 bos birakabilirsiniz. Sizi rahatsiz eden bir soru olursa cevap vermeme
hakkiniz vardir.

Arastirma i¢in paylasacaginiz goriisler ve bilgiler tamamen gizli tutulacaktir.
Bu bilgiler sadece yiiksek lisans tezi i¢in kullanilacak olup sonuclart bilimsel ve
egitim amach yayinlarda kullanilabilir. Katilimcilarin kisisel bilgileri ticlincii
kisilerle asla paylagilmayacaktir ve gizli tutulacaktir.

Calismayla ilgili daha fazla bilgi almak isterseniz asagidaki iletisim bilgilerini
kullanarak bana sorularinizi iletebilirsiniz.

Habibe KARAOGLU

Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii
Orta Dogu Teknik Universitesi, Ankara

e-posta: habibe.krgll@gmail.com

Yukaridaki bilgileri okudum ve bu ¢calismaya tamamen goniillii olarak
katiliyorum.
(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Ad Soyad Tarih Imza
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APPENDIX J

ETHICS COMMITTEE APPLIED ETHICS APPROVAL FORM

OF MIDDLE EAST TECHNICAL UNIVERSITY RESEARCH CENTER

(TURKISH)

UYGULAMALI ETIK ARASTIRMA MERKEZI ORTA DOGU TEKNIK UNIVERSITESI

APPLIED ETHICS RESEARCH CENTER

DUMLUPINAR BULVARI 06800
GANKAYA ANKARA/TURKEY
T +90 312 210 22 91

F:+90 312 210 79 59
ueam@metu.edu.tr

www. ueam.metu.edu.tr

Sayi: 28620816 /”‘5
j\ 02 OCAK 2017

Konu: Degerlendirme Sonucu

Gonderen: ODTU Insan Aragtirmalar Etik Kurulu (IAEK)
ligi: Insan Aragtirmalari Etik Kurulu Bagvurusu

Sayin Yrd. Dog, Dr. Gulfidan CAN;

Danismanligini yaptiginiz yitksek lisans dgrencisi Habibe KARAOGLU'nun “Secratch Programlama
Ortarminda Ortaokul Ggrencilerinin Grup Pragramlama Teknigini Kullanarak Programlama Bagarisi
ve Ozgiiveninin Gelistirilmesi” bashkh arastirmasi insan Arastirmalan Etik Kurulu tarafindan uygun
gorillerek gerekli onay 2016-EGT-158 protokol numarasi ile 28.11.2016 - 31.12.2017 tarihleri arasinda
gecerli olmak Gzere verilmistir,

Bilgilerinize saygitarimla sunarim.

Prof. Dr. Canan SUMER

L ;? insan Arastirmalari Etik Kurulu Baskan
S .
///

Prof. Dr. Mehmet UTKU Prof. Dr. Ayhan SOL

IAEK Ovyesi IAEK Uyesi
M‘"ﬂ‘ ‘ /

) , : v
Prof. Dr, Ayan Girbliz DEMIR (4, JBr’vasat KONDAKGI
IAEK Uyesi IAEK Uyesi

“fff/ vy

p
Yrd. Dog. Dr. Pl(ar KAYGAN

IAEK Uyesi iAEK Oyesi
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APPENDIX K

APPROVAL FORM OF MINISTERY OF EDUCATION (MEB)

T.C.
ANKARA VALILIGI
Milli Egitim Muodirlogt

H

‘&%@5 e -ﬁﬁﬁ

Say1l : 14588481-605.99-E.6826495 12.05.2017
Konu : Arastirma izni

ORTA DOGU TEKNIK UNIVERSITESINE
(Oarenci Isleri Daire Baskanhgi)

llgi: a) MEB Yenilik ve Egitim Teknolojileri Genel Midtirltigiiniin 2012/13 nolu Genelgesi.
by 27/04/2017 tarihli ve 2169 sayih yaziniz.

Fen Bilimleri Enstitisti Bilgisayar ve Ogretim Teknolojileri Egitimi Bolimi Yiksek
f.isans 8grencisi Habibe KARAOGLUnun "Serateh Programlama Ortammda Ortaokul
Ogrencilerinin Grup Programlama Teknigini Kullanarak Programlama Bagaris: ve
Ozgiiveninin Gelistirilmesi” konulu tez kapsaminda uygulama talebi Mudiirliglimizce
uygun goriilmiis ve uygulamanim yapilacagi fige Milli Egitim Midiirligtine bilgi verilmistir.

Gartisme  formunun (7 sayfa) arastirmaci tarafindan uygulama yapilacak sayida
cogaltilmast ve ¢alismanin bitiminde bir érneginin (cd ortaminda) Midirliiglimiiz Strateji
Gelistirme (1) Subesine gonderibmesini rica ederim.

Vefa BARDAKCI
Vali a.
Milli Egitim Mudiri

a volu Bagkent Ogretmen E 2 ¥ Ayrinuh bilzi igin
SRR ikiearmeb.gov.r Tel:(0 312y 221 02 17/135-134

Bu eveak glvenhi elektronik imza ile imzalannigtir. bttp:/evraksorgu meb gov ir adresinden 4a43-478¢-32¢8-b085-60a3 kodu ile teyit edilebilir
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