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ABSTRACT

INVESTIGATING THE USE OF VIRTUAL WORLDS TO TEACH BASICS
OF PROGRAMMING TO CHILDREN: A MULTIPLE CASE STUDY

Battal, Ali
Ph.D., Department of Computer Education and Instructional Technology
Supervisor: Assist. Prof. Dr. S. Tugba Tokel
January 2018, 322 pages

The main purpose of this study is to investigate the use of VWs in teaching basics of
programming for children in different educational programs. More specifically, the
current study aims to examine the perception of participants about the ease of use and
perceived usefulness of VWSs in programming education, the affordances and
challenges of using virtual worlds, issues and strategies for the group study, design
issues of different educational programs in VWs, factors that affect satisfaction, and
avatar issues. In this context, this study was implemented in three different educational
programs constituting the single cases of the study as; curricular, extra-curricular, and
after-school programs.

The multiple case study was employed among the qualitative designs. In this context,
data were collected mainly through interviews, observations and questionnaires from
students and teachers in each case separately. Qualitative analysis and descriptive
statistics were applied to data obtained for single case analysis of each case. Then
cross-case analysis was employed in order to reveal the similarities and differences

across the cases at the end of the study.

The results of the current study showed that students perceived VW as useful and used
them for learning programming without major difficulties. Having fun, personal
contributions, gaining experience on 3D, facilitating group study and motivation were
the affordances of using VWSs, whilst participants encountered challenges related to

the 3D environment, equipment and infrastructure and tasks. Additionally, the results

\



indicated the important issues and strategies for avatars, group study and the design of
educational programs in the virtual learning environment. Students’ satisfaction in
each case was defined and factors affecting their satisfaction were addressed. Finally,
similarities and differences across the cases were discussed based on the sub-research
questions in the light of the literature. The findings of this current study might help to
understand the use of VWs in programming education for children in three different
educational programs, and also provide a basis for educators and other researchers in

using VWs for the teaching programming.

Keywords: Programming for Children, Coding for Children, 3D Virtual Worlds,
different educational programs.
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0z

SANAL DUNYALARIN COCUKLARA YONELIK PROGRAMLAMANIN
TEMELLERI OGRETIMINDE KULLANIMININ iNCELENMESI : BiR
COKLU DURUM CALISMASI

Battal, Ali
Doktora, Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii
Tez Yoneticisi: Yrd. Dog. Dr. S. Tugba Tokel
Ocak 2018, 322 sayfa

Bu ¢alismanin temel amaci farkli egitsel programlarda verilen ¢ocuklara yonelik
programlamanin temelleri 6gretiminde sanal diinyalarin kullaniminin incelenmesidir.
Bu caligma daha acik bir ifade ile katilimcilarin sanal diinyalarin programlama
egitiminde kullanim kolayligi ve yararhiligi ile ilgili algilarinin belirlenmesi,
programlama Ogretiminde sagladigi olanaklar ve zorluklarin belirlenmesi, grup
caligmast ile ilgili durum ve stratejilerin, farkli egitim programlarinda sanal diinyalarin
kullaniminin tasarimi ile durumlarin agiga ¢ikarilmasi, katilimeilarin memnuniyetini
etkileyen faktorlerin ve avatar ile ilgili durumlarin belirlenmesi amaglarini tasir. Bu
baglamda, bu ¢calisma miifredata entegre, miifredat dis1 ve okul sonras1 program olmak

tizere Ui¢ farkli egitsel programda uygulanmistir.

Bu ¢alismada nitel arastirma desenlerinden ¢oklu durum g¢alismasi yapilmistir. Veriler
her bir durum caligmasinda 6grenci ve Ogretmenlerden goriisme, gbzlem ve anket
yoluyla toplanmistir. Tekli durum galismalarinin analizinde nitel analiz yontemleri ve
betimsel istatistikler kullanilirken, ¢oklu durumlar arasindaki farkliliklart ve

benzerlikleri ortaya ¢ikarmak i¢in durumlar arasi analiz uygulanmaistir.

Caligmanin sonuglar1 6grencilerin programlama gretiminde sanal diinyay1 kullanimin
kolay ve yararli oldugu algisina ulagsmistir. Eglence katma, kisisel katkilar, 3B ortamda
deneyim kazanma, grup ¢alismasini artirma ve motivasyon sanal diinyalarin sagladigi

yararlar olarak bulunurken; katilimcilar 3B ortam, ekipman ve altyapi ile gorevler
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konusunda bir takim zorluklar yasamislardir. Ayrica, avatar, grup caligmasi ve egitsel
programlarin tasarimi ile ilgili onemli durum ve stratejiler ile ilgili bulgular ortaya
cikarilmistir. Her bir durumdaki 6grencilerin memnuniyet diizeyi ile memnuniyetlerini
etkileyen faktorler belirlenmistir. Caligma sonunda, durumlar arasindaki benzerlik ve
farkliliklar aragtirmanin alt arastirma sorulart dogrultusunda sunulmus ve ilgili
literatiir 15181nda tartisilmistir. Calismanin bulgulari, farkli egitsel programlarda sanal
diinyalarin ~ programlama  egitiminde kullanilmasinin  anlasilmasina  katki
saglayabilecegi gibi, sanal diinyay1r programlama ogretiminde kullanmak isteyen

egitimci ve arastirmacilara temel olusturabilir.

Anahtar kelimeler: Cocuklar i¢in Programlama, Cocuklar i¢in Kodlama, 3B Sanal

Diinyalar, farkl egitsel programlar
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CHAPTER 1

INTRODUCTION

There is a growing interest in teaching programming to children nowadays. Numerous
scholars, worldwide initiatives and other stakeholders advocate the teaching basics of
programming to children through the organization of different activities. The popular
term, coding and the well-known term, programming actually refers to computer
programming, which Brennan (2017) defined as “specifying instructions, or code, in
specialized languages to control computer activity” (p. 123). Another scholar, Guzdial
(2015) defined programming as the “process of writing programs” (p. 2). As it is
understood from the definition, programming includes steps such as building a logic
to solve a problem, writing programming expressions in a programming language,
transforming them into machine language via compiling, testing and debugging
(Papadopoulos & Tegos, 2012). Various programming languages and environments
have been developed in order to remove or reduce some of these programming steps
for novices, especially for children. For example, block-based programming tools
remove the debugging process, which in fact would be unnecessary for novices to

learn.

Various scholars have argued that everyone at any age should learn programming
(Guzdial, 2015; Kafai & Burke, 2014). For example Maloney, Peppler, Kafai, Resnick,
and Rusk (2008) mentioned that learning programming is an educational right of
young people and that they should engage in programming in some way due to various

reasons. Guzdial (2015) summarized the reasons for teaching programming to

1



children. Firstly, children should be introduced to programming because of the
requirements of today’s computing intensive world and in preparation for the many
computing-related future careers they will likely face in their future (Knobelsdorf &
Vahrenhold, 2013). Secondly, children could understand the world better having
learned programming since computing is now omnipresent in almost all aspects of life.
Learning programming provides children the opportunity for developing certain skills.
It was argued in previous studies that programming is an important means for
developing higher order thinking skills (Ozmen & Altun, 2014), problem solving and
analytical thinking skills (Gomes & Mendes, 2007), and computational thinking skills
(Akcaoglu, 2014; Grover & Pea, 2013; Kafai & Burke, 2013a). Finally, learning
programming increases computational literacy and productivity. At this point,
Brennan, (2017) simulated programming to producing a poem with written text and
producing a documentary film with videos; arguing that children could produce many
artefacts from games to websites through programming.

In parallel to today’s rise of programming and based on the importance of
programming, a comeback has been seen for programming to some extent in schools
(Kafai & Burke, 2013; Robins, Rountree, & Rountree, 2003), as well as outside of
formal school settings such as after-school programs (Fields, Kafai, & Giang, 2017;
Krishnamurthi, 2017). Programming activities both in and out of the school setting
have been organized worldwide to introduce programming to children. Many countries
have been trying to transform their current ICT courses or to establish new computing
related courses to teach programming to children (Gal-Ezer & Zur, 2013; Gujberova
& Kalas, 2013; Kalelioglu, 2015; Menekse, 2015; Tenenberg & McCartney, 2014;
Yadav, Gretter, Hambrusch, & Sands, 2017). In Turkey, programming has moved into
even ICT courses in both primary and secondary education through the advancements
in the curriculum changes (Kalelioglu & Giilbahar, 2014). In addition, a new
“Computer Science” course is now offered to some high school students by the Turkish
Ministry of National Education (MoNE) and it is planned to extend that course for
most other students in the near future (MoNE-BoE, 2016). However, in spite of its
increasing use and place within the curriculum, it has been reported that there are many
students who have never even heard of programming. Maloney et al. (2008) studied

with a group of young people aged 8-18 to offer programming activities in an after-
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school center and argued that 90% of the youth attending the center had “never been
in a computer class during their entire K-12 schooling experience” (p. 4). Kafai and
Burke (2013b) looked at the current use of computers in education from a different
point of view and stated that, at the time of their research, curriculum did not support
computational thinking and did not go beyond the teaching of word processing or how
to create a PowerPoint presentation; both of which do not engage students to think

more creatively or critically.

Previous research shows that besides its advantages for learners, programming is
considered difficult for learners, especially for novices (Guzdial, 2004; Kelleher &
Pausch, 2005; Saeli et al., 2011; Schulte & Carsten, 2013). It has been argued in the
literature that learning programming could be very difficult for novices of all ages due
to reasons such as understanding the problems, coming up with solutions, mental
representation of abstract concepts, the rigid syntax and semantics of each
programming language, arbitrary code with often confusing names, irrelevant
activities to the teaching of programming, and a lack of support (Kelleher & Pausch,
2005; Maloney et al., 2008; Pears et al., 2007; Resnick, Maloney, Hernandez et al.,
2009). Such reasons could be overwhelming for beginners, discourage them and
decrease their motivation towards learning programming. Papert (1980) stated that
such difficulties could be overcome if the teaching of programming is supported by
proper strategies and tools and, in accordance with this purpose, he developed the
LOGO language. Since then, a number of strategies and tools have been developed by
researchers after Papert’s LOGO programming language in order to simplify the
mechanics of programming, and to provide support and motivation for beginners to

learn programming (Kelleher & Pausch, 2005).

Virtual worlds (3D computer-based environments with multiple users) are one of the
recent technological developments in the educational field (Esteves, Fonseca,
Morgado, & Martins, 2008) that could be used as a tool for teaching programming to
children. Dreher, Reiners, Dreher, and Dreher (2009) highlighted the importance of
using virtual worlds in teaching information science education, including
programming education, in terms of motivating students on computer-related courses.

They argued that visualization of programming concepts in 3D environment, testing



code in context and working collaboratively within the environment could be essential

points in using virtual worlds for the teaching of programming.

1.1 Problem Statement

Technological advancements have made the use of VWs possible in different aspects
of daily life in terms of access, usability and cost effectiveness (Dawley & Dede, 2014;
Messinger et al., 2009; Warburton, 2009). Using VWs for educational purposes has
since increased and a review of the literature shows that there has been a growing body
of research on how to make use of VWs for educational purposes (Dalgarno & Lee,
2010; Dickey, 2005a; Hew & Cheung, 2010; Omale, Hung, Luetkehans, & Cooke-
Plagwitz, 2009). Virtual worlds offer educators and students the ability to create rich
and compelling 3D objects within the environment (Esteves, Fonseca, et al., 2008).
Users can build objects and attach scripts to them in order to interact with other objects,
the environment, or with other learners. Besides, it enables learners to study in groups
and to share other learners’ artifacts within the virtual world, subject to the necessary
permissions being granted. Programming is essential to the construction of virtual
artifacts (Girvan, Tangney, & Savage, 2013) because programming and the adding of
scripts to 3D objects makes them “more meaningful by adding behaviors and
interactivity which bring them to life” (Rosenbaum, 2008, p. 6).

Demographic research on the use of virtual worlds shows that the majority of users are
aged 10 to 15 and use VWs for entertainment as well as for formal and informal
learning opportunities (Merchant, 2017). In spite of the increasing use of VWs among
teens and preteens, specific and verified research examining the use of VWs in
diversified disciplines is limited (Kim, Lee, & Thomas, 2012; Tokel & Cevizci-
Karatas, 2014). Besides, research investigating the use of VWSs should reveal unique
affordances when used in a specific area (Hew & Cheung, 2010). On the contrary, the
educational use of virtual worlds is typically limited to the replication of traditional
teaching approaches but in virtual environments (Winn, 2005) such as lecture theatres,
or virtual university campuses. Thackray, Good, and Howland, (2010) argued that
many studies just replicated traditional teaching scenarios in VWSs, such as with

texturing slide presentations on boards.



Some studies related to the use of VWSs in programming education aimed to teach
programming by using their own language such as Linden Scripting Language (LSL),
whilst some used other programming environments such as Scratch for Second Life or
Scratch for OpenSim (Vosinakis, Anastassakis, & Koutsabasis, 2016). Those Scratch-
like programs actually translate the pseudocode of Scratch into LSL and make
programming easier (Rosenbaum, 2008). Esteves, Fonseca, Morgado, and Martins,
(2011) studied with university level students to understand how teaching and learning
of computer programming could be developed in Second Life by using LSL, which
was difficult for novice learners to handle when they were first introduced to
programming. The findings of their study showed that the use of LSL was hard for
even undergraduate students. It is therefore not a good choice to use LSL in teaching
programming for students introducing for the first time (Dreher et al., 2009). Novice
learners, especially children, should be introduced to programming with low-floor and
high-ceiling tools, which they would be able to use intuitively and create a wide range
of complex artefacts (Kafai & Burke, 2014). At this point, Girvan et al. (2013)
proposed the use of S4SL in programming “SLurtles,” a programmable turtle, in
Second Life and investigated whether or not graduate students could use them
effectively for constructing artifacts in SL by using S4SL.

VWs, with their characteristics and affordances when used for educational purposes
could also be utilized for teaching programming to children. At this point, the use of
virtual worlds could bring about new opportunities for children with regards to
improving programming performance. Educators and researchers should investigate
VWs in terms of overcoming learners’ difficulties encountered during the learning of
programming (Esteves et al., 2011; Esteves, Fonseca, et al., 2008). However, studies
concerned with the use of VWSs in programming education are limited and mostly
conducted with high school, university and graduate students (Girvan et al., 2013;
Hulsey, Pence, & Hodges, 2014; Pellas, 2014a; Seng & Edirisinghe, 2007). Besides,
curricular and extra-curricular activities in schools and after-school programs outside
of schools play an important role in programming education for children in terms of
reaching as many students as possible (Kafai & Burke, 2014). Therefore, there is a
need to understand the use of virtual worlds in programming education for children in

different educational programs.



1.2 Purpose of the Study

The purpose of this current study is to investigate the use of virtual worlds in teaching
basic of programming to children in different educational programs. In a broader
context, the study aims to examine the perceptions of participants about the ease of
use and perceived usefulness of VWSs in programming education, as well as the
affordances and challenges of using virtual worlds, issues and strategies related to
group study and avatars, and factors affecting the satisfaction and designs of different
educational programs in VWSs. This study also aims to investigate the use of VWs in
three different educational programs; curricular, extracurricular and after-school
programs. The final purpose of this study is to reveal any similarities and differences

between these cases.

This study aimed to build code on Scratch for OpenSim (S40S) for completing tasks
in the OpenSim (OS) virtual environment. The term, “Sanal Diinyada Programlama
(SDP)”, which means Programming in Virtual World, refers to the integration of S40S
with VW throughout this study. The topics intended to be taught in VW are limited to
the basics of programming and the capabilities of S40S (see Appendix A for the
topics).

The main and sub-research questions of this study are as follows:

How could virtual worlds be utilized in programming education for children from

different educational programs?

a. To what extent do participants perceive the ease of use and usefulness of SDP?

b. What are the affordances and challenges of using virtual worlds in
programming education for children?

c. How does avatar representation affect the experience of participants?

d. How do the issues and strategies about group study in SDP affect the
experience of participants?

e. What are the factors affecting participants’ satisfaction in SDP?

f.  What are the issues and strategies for the design of SDP?



1.3 Significance of the Study

Learning programming is essential for anyone at any age from primary school up to
university level (Sauppé, Szafir, Huang, & Mutlu, 2015), and even from young
working adults to the retired in accordance with the requirements of 21% century skills
(Guzdial & Disalvo, 2013). Thus, many countries and schools have been trying to
introduce concepts related to programming to children in different ways (Kafai &
Burke, 2014). Firstly, they have been working on integrating programming into school
curriculum by updating current courses as well as developing new standalone courses
such as “Computer Science.” Secondly, they have been trying to implement extra-
curricular activities into school settings such as establishing programs for software and
game design projects. Such kinds of program are important since they are good
examples of how programming could be contextualized in a program independently
of curriculum. Lastly, after-school programs are offered to introduce learners to
programming in different contexts. In addition to in-school and out-of-school
activities, programming activities are organized worldwide in order to inform people
about coding such as “Hour of Code,” “EU Code Week,” “Bebras,” and locally with

“Georgia Computes,” and “KodlaManisa.”

Learning programming is generally considered difficult by learners of any age
(Guzdial, 2004). Therefore, there is a need to use tools or environments as an aid to
making programming easier to grasp (Gomes & Mendes, 2007). In their study,
Kelleher and Pausch (2005) reviewed nearly 80 tools and categorized them according
to their mechanical and motivational process benefits. Tools in the mechanical process
category focused on making the mechanics of programming more manageable such as
removing unnecessary syntax, designing languages closer to spoken language,
introducing programming in visible context, and finding alternatives to typing
programs. These kinds of tools allow learners to focus on the logic and underlying
structures of programming rather than becoming overwhelmed with all the other issues
associated with programming. Tools in the motivational process category were aimed
at increasing learners’ motivation during learning by offering a social and motivating
context through designing activities that draw learners’ attention such as moving cars,
or the construction of objects. These kinds of tools are also important since

programming is considered a solitary activity (Brennan, 2013; Rosenbaum, 2008).
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Virtual worlds with their various features could be used as a tool in the teaching of
programming. Previous studies used VWSs in teaching programming to students from
high schools though to postgraduate by using LSL, the language of VWs (Esteves et
al., 2011; Hulsey et al., 2014; Seng & Edirisinghe, 2007). Dreher et al. (2009)
advocated the use of virtual worlds in learning programming since they would allow
direct visualization of the outcome, which could be seen animated virtually, and would
provide learners with quick and concrete feedback. In addition, learners are able to test
their code by applying it in a certain context and social environment. It is also possible
to study in groups thanks to the multiuser capability of VWSs, which might promote
group or pair programming (Beck, 2000). Teaching programming in virtual worlds
could motivate learners intrinsically and offer them a range of benefits when compared
to teaching with traditional methods. Virtual worlds, as previously mentioned, could
afford users certain benefits through the application of tools in both mechanical and

motivational processes.

It was found that LSL was high-floor and therefore hard to understand by even learners
at the undergraduate level (Esteves et al., 2011). Therefore, there is a need to employ
a low-floor easy to use tool for completing tasks in VWs. At this point, S4SL and
S40S, which are Scratch-like programming tools, could be used for building code
similar to the original Scratch. Previous research tried to integrate these programming
tools into VWs for graduate learners (Girvan et al., 2013; Sajjanhar & Faulkner, 2014)
and also for high school students (Pellas, 2014a; Pellas & Peroutseas, 2016; Pellas &
Vosinakis, 2017).

Virtual worlds offer an exciting new environment for learners to engage in
programming through the construction of meaningful 3D artefacts within group
studies; something that is arguably difficult to achieve with other programming
environments (Pellas & Vosinakis, 2017). However, the use of VWs for teaching
programming is also limited (Pellas, 2014a; Seng & Edirisinghe, 2007) and scarce for
children. The findings of this current study will help to understand the use of VWs in
programming education using three different educational programs. The study also
aims to reveal the similarities and differences across the three programs, and offer clear
points about each program. In a broad manner, it also aims to shed light on the potential

advantages and possible challenges associated with programming education through
8



virtual worlds following Hew and Cheung's (2010) argument for further research to
examine the unique affordances of VWs. Furthermore, the current study aims to reveal
the acceptance of VWs, factors affecting satisfaction, group and avatar issues, and the
main points in designing different educational programs. The results of this current
study can also provide a basis for educators and other researchers in using VWs for
the teaching basic of programming to children. In this way, it would be possible to
investigate the application of a different programming tool, using VW in programming
education; thereby realizing practical implications for the current study in being able
to reach and educate more children in the area of programming. Lastly, it is expected
that the current study will contribute to the body of literature on computing education

research.

1.4 Definition of Terms

This section explains some of the more significant terms used throughout this study.

After-school Program: This is an informal learning environment held outside of
school and removed from the formal settings of school-based learning (Shernoff &
Silva, 2017). In the context of this current study, the term “After-school Program”
refers to a programming course named “Ug¢ Boyutlu Ortamda Temel Programlama
Egitimi” (Basics of Programming Education in 3D Virtual World) was offered at the

Continuing Education Center of a public university in Turkey.

Curricular Program: This refers to a standalone course existing in the curriculum of
a school setting. In the context of this current study, it corresponds to a compulsory
ICT course for 4" and 5" grade students in Turkish schools.

Extra-curricular Program: This refers to activities occurring independent of the
school curriculum. Such programs are usually promoted by schools and rarely the
community (Fredricks, 2017). In the context of the current study, activities held within
a school setting that are independent of the curriculum are referred to as extra-

curricular programs.

Linden Scripting Language (LSL): This is the own programming language of SL
and OS, which has C- style syntax and keywords (Esteves, Fonseca et al., 2008).



OpenSim (OS): This is a free, open-source, multi-user 3D application server upon
which developers can create 3D virtual worlds and then customize them according to

their needs.
S4SL.: This is a Scratch-like programming tool which produces code in LSL for SL.
S40S: This is a Scratch-like programming tool which produces code in LSL for OS.

Sanal Diinyada Programlama (SDP): This special term corresponds to
‘Programming in Virtual World’. It is the name of the programming environment used
throughout the current study, which is comprised of two components; a 3D learning
environment that includes a number of programming activities, and the Scratch for
OpenSim (S40S) program used for building code to complete activities within the 3D

environment. It therefore refers to the integration of S40S within VWs.

Non-player Character (NPC): It is a computer-generated agent that can be in
multiple forms which fulfill a pre-defined programmed activity continuously or
triggered via user interaction (Kapp & O’Driscoll, 2010).

Virtual Worlds (VWs): These are 3D computer-based environments supporting
multiple users represented as avatars, and in which users interact within the
environment, communicate with others and take part in experiences via their avatars

that are similar to those in a real-world context (Dieterle & Clarke, 2006).

1.5 Organization of the Study

In this current study, Chapter One presents the problem statement, purpose, research
questions and significance of the study, as well as a definitions of terms. Chapter Two
addresses 3D VWs, programming education, and relevant studies about the use of
VWs in programming education. Chapter Three explains the detailed methodology of
the study by providing information about the research design, pilot study, design and
development of virtual environments, the selection of cases and participants, data
collection methods and procedure, data analysis, the researcher’s role, trustworthiness
and limitations of the study. Chapter Four represents the results of single and cross-

case analysis in line with the sub research questions. Chapter Five discusses the study’s
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findings in light of the literature, and finally presents the implications and

recommendations for further research.
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CHAPTER 2

LITERATURE REVIEW

This chapter presents an in-depth literature review relevant to the current study.
Specifically, 3D Virtual Worlds (VWs), their characteristics, affordances and
challenges of using VWs for educational purposes are reviewed. Then, programming
education for children are addressed. Thirdly, the importance of programming and
tools for teaching programming are elaborated on. Finally, research about

programming education in 3D virtual worlds is reviewed.

2.1 3D Virtual Worlds

Technological advances have affected many aspects of human life, particularly in
business and industry. Indispensable prevalence of new technologies into human lives
has also impacted the field of education, having expanded the imagination of how
learning environments could also be (Dickey, 2005b). 3D virtual worlds are considered
one of the new technologies. Advancements in video and audio technology, falling
computer prices, increasing computing capacity and greater broadband have
transformed 3D virtual environments to be more pervasive, useable, accessible and
cost effective (Dawley & Dede, 2014; Messinger et al., 2009; Warburton, 2009). As a
result of these advances, efforts to make use of these technologies for educational
purposes has increased since the introduction of 3D virtual worlds. A review of the
literature shows a growing body of research and an effort to make use of 3D virtual
worlds for educational purposes (Dalgarno & Lee, 2010; Dawley & Dede, 2014;
Dickey, 2005b; Hew & Cheung, 2010; Omale et al., 2009). However, there is still a
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lack of research in different areas of education. Therefore, research about VWSs needs
to be; (a) in more diversified disciplines (Tokel & Cevizci-Karatas, 2014), (b) more
specific and verified (Kim et al., 2012), (c) addressing more advanced technological
use of VWs (Dickey, 2005a), and (d) more meaningful to reveal their real potential
affordances (Hew & Cheung, 2010).

The history of VWs goes back to the late 1970’s in which Multi-User Dungeon (MUD)
was first introduced (Bartle, 2009). In MUD, everything was text-based. For example,
what characters did, saw and heard was controlled and reported via texts. In the late
1980’s, MUDs were modified to “TinyMUD,” which were introduced with small
changes in MUD such as removing the weapons and monsters (Bruckman, 1997).
Since then, with the help of advances in computing and networks, other terms such as
Multi-User Virtual Environments (MUVE), Massively Multiplayer Online Role
Playing Games (MMORPG), and Virtual Learning Environments (VLE) were coined
to refer to 3D technologies (Dieterle & Clarke, 2006). There are some small
differences among the terms (Tokel & Topu, 2016) although they are generally
considered as one and used interchangeably in some studies (Kim et al., 2012; Omale
et al., 2009). Throughout this current study, Virtual Worlds (VWs) is the preferred
term applied. The significant difference between VWs and other terms is that there is
a predefined storyline in MUVESs, while there is no story at the beginning in VWSs and
they could be repurposed based on the needs of the study (Warburton, 2009). Another
difference between VWs and MUDs is that VWs yield more types of communication
forms and building options for end users (Dickey, 2003).

There is no consensus on the definition of VW in the literature, since the terms could
be used in different forms by different people in different times (Bell, 2008).
Warburton (2009) argued that the reason behind the definition problem is multiple
emerging forms of virtual environments. Academics, industry professionals and the
media have defined it in numerous forms. Dickey (2005a) defined virtual worlds as
“networked desktop virtual reality in which users move and interact in simulated 3D
spaces” (p. 439). The most comprehensible definition belongs to Dieterle and Clarke
(2006), who defined 3D virtual worlds as 3D computer-based environments with
multi-users where participants are presented as avatars, a kind of graphical
representation of themselves in which avatars interact within the environment,
14



communicate with others and take part in experiences similar to those in a real-world
context. In virtual worlds, users can apply their knowledge in 2D and 3D formats such
as billboards, buildings, and interactive media (Richter & Dawley, 2010).

There are many open source and proprietary VW applications in use within
educational settings (Warburton, 2009) such as ActiveWorlds, Second Life, OpenSim,
Croquet, Project Wonderland, and Adobe Atmosphere (Dickey, 2005a; Hew &
Cheung, 2010). The educational use of VWs could be listed as follows (Dieterle &
Clarke, 2006; Messinger et al., 2009; Reisoglu, Topu, Yilmaz, Karakus Yilmaz, &
Goktas, 2017; Tokel & Cevizci-Karatag, 2014):

e Yielding online communities to train participants for professional
development,

e Providing science-related activities and engaging in scientific inquiry,

e Promoting the understanding of students in different areas such as history,
medical, mathematics, business, engineering and sports,

e Promoting social and moral development of participants,

¢ Providing an environment for teaching programming and language.

2.1.1 Characteristics of VWs

There are some common characteristics of VW, regardless of application and content.
They are the immersive 3D environment, avatars and multiple users, and multiple
communication forms (Dickey, 2005a, 2005b); interaction with objects and other
avatars (Hew & Cheung, 2010); persistence of objects, immersive environment
through the use of realistic 3D graphics (Dalgarno & Lee, 2010; Delwiche, 2006;
Dieterle & Clarke, 2006); and object construction and manipulation (Dawley & Dede,
2014; Messinger et al., 2009). With their characteristics and affordances, VWs allow
educators to incorporate a large variety of learning options and strategies into their
teaching such as providing different types of feedback or roleplay (Dawley & Dede,
2014; Reisoglu, 2014).

The features mentioned could be of “relative importance to a particular educational
research” (Richter & Dawley, 2010, p.vi). In the following section, relevant

characteristics of VWs concerned with the current study are elaborated on.
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3D Object Construction and Manipulation

Users could create 3D geometric shapes such as cubes, spheres and prisms easily with
the help of built-in features of VWs. Those objects are called as prims and it is possible
to transform prims into new shapes by linking them (Kluge & Riley, 2008). Learners
might also edit and move their own objects and other’s objects if the necessary
permission is defined. Other users can examine created objects and share them with
their peers since the virtual world and objects are persistent (Girvan et al., 2013).
Moreover, some virtual worlds allow users to import textures to apply them to the
objects in terms of achieving a rich and realistic appearance. Virtual worlds provide
educators and learners with the ability to create 3D objects (Delwiche, 2006; Esteves,
Antunes, Fonseca, Morgado, & Martins, 2008). Users can create and edit objects, and
attach scripts to those objects in order to assign behaviors in virtual worlds (Dalgarno
& Lee, 2010).

The features of VWs related to construction mentioned here support the ideas of
constructionism in which learning occurs when individuals construct knowledge
structures while creating a public artifact (Ingram-Goble, 2013) and sharing it with
others (Kafai & Resnick, 1996). Ackermann (2001) argued that knowledge is a
personal experience that needs to be constructed during the learning process as it is
“not a commodity to be transmitted, encoded, retained” (p. 7). Building options of
VWs and enabling the creation and manipulation of objects via programming allows
learners to create new meaningful and shareable artifacts, and to test their
understanding in line with the ideas of constructionism (Hoyles, Noss, & Adamson,

2002, as cited in Girvan, Tangney, & Savage, 2013).

To summarize, VWs provide both educators and learners with the abilities to use them
for exploring, constructing and manipulating virtual objects (Dalgarno, & Lee, 2010),
which could be considered as the most promising aspect that distinguishes VWs from
other applications (Kluge & Riley, 2008). Learners, having the ability to employ such
features, can “compare and contrast their concepts with existing knowledge in
graphical form” (Richter & Dawley, 2010, p. vi), which is especially useful for
concepts that require a high degree of visual representation.
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Avatar

Avatars are graphical representations of users in a 3D environment, enabling users to
interact with other avatars and objects in the environment (Dickey, 2005b). Avatars
might be human or non-human characters, with users offered many avatar options or
they can choose to create their own. Users customize their avatars accordingly such as
changing their avatars’ clothing, height, skin color, hair, and eye color. Besides,
avatars may also be accessorized with items such as a cowboy hat, glasses, and shoes.
Avatars move around the environment in different modes (walk, run, fly and teleport),
and they can even perform some gestures, facial expressions and emotional states such
as showing happiness, or crying, typing, raising a hand, or applauding. Users interact
in the 3D environment with their avatars via touching things, building something,
doing sports, dancing, sitting on a chair, or playing a video on a presentation board
(Messinger et al., 2009). Users perform the actions, interact with the environment, and

communicate with other users via their avatars.

Representation through avatars in virtual worlds is important due to various reasons.
Firstly, it increases the sense of immersion in the environment (Dalgarno & Lee,
2010). Secondly, users build identity and trust within the environment with the help of
their avatars (Richter & Dawley, 2010; Tokel & Cevizci-Karatas, 2014). Thirdly, users
feel themselves as part of the community and as though they are in a real place within
the environment (Yee, Bailenson, Urbanek, Chang, & Merget, 2007). Finally, avatar
representation increases communication, interaction and collaboration in the
environment when compared to other mediums offering only text-based
communication (Hew & Cheung, 2010). Similarly, Feldon and Kafai (2008) argued

that displaying of avatars in the environment supports engagement and interaction.

Multiple Forms of Communication

VWs generally support multiple forms of communication and users communicate
verbally either in voice or text format (Kim et al., 2012). Furthermore, text-based chat
could involve both synchronous and asynchronous communication. Participants feel
more involved rather than isolated from the community and obtain an immediate

response with synchronous communication, whereas asynchronous communication

17



allows the user to control the flow and thereby maintain a degree of flexibility over
their communication (Petrakou, 2010).

VWs typically provide two types of text-based communication; public chat and private
messaging (Dawley & Dede, 2014). Users prefer private chat in order to chat one-on-
one such as between instructor and student, and prefer public chat when explaining an
idea on a given topic publically in a virtual classroom (Dawley, 2009). Moreover, it is
possible to communicate with users via the gestures and facial expressions of avatars
in a nonverbal format (Tokel & Cevizci-Karatas, 2014). For example, a teacher could
point out a student who had misunderstood instructions or misbehaved in the
environment through nonverbal forms (Petrakou, 2010). Previous research shows that
users usually prefer verbal communication, although VWSs can encompass both verbal

and nonverbal communication forms (Pita & Pedro, 2012).

To summarize, VWs offer many types of in-world communication, from group chat to
private messaging, from notecards to conferences (Dawley, 2009). Communication in
different forms enhances interaction among participants, their sense of immersion,
likelihood of sharing information, and the building of social connections and

communities of practice (Petrakou, 2010; Richter & Dawley, 2010).

Group Study

VWSs can support group study in many aspects since they allow learners to perform
tasks together rather than just communicate (Dalgarno & Lee, 2010; Duncan, Miller,
& Jiang, 2012). It is possible to define groups in VWs and invite or add members to
defined groups, and to create contact lists for synchronous or asynchronous
communication (Richter & Dawley, 2010). Group members can construct 3D objects
and each member of the group can manipulate objects owned by the group. Moreover,
members of group can collaborate with each other and edit the same objects
synchronously and asynchronously since the objects in virtual worlds are persistent

(Girvan, Tangney, & Savage, 2013).

VWs facilitate group study and collaboration due to various reasons. Firstly, previous
research indicates that different communication opportunities between learners

facilitate collaboration and social negotiation (Dickey, 2005a), and VWs yield a wide
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variety of communication channels that are more similar to face-to-face
communication (Kluge & Riley, 2008). Then, they present learners with resources and
a work place to study in groups (Dickey, 2003). Finally, interaction among learners
needs to be fostered for an effective group study. At this point, VWs help to increase

interaction between learners (Petrakou, 2010).

Interaction

Interaction is an important contributor of meaningful learning in the online learning
environment (Omale, 2010). There can be different types of interaction in online
learning environments such as learner-learner, learner-content, or content-content
(Moore, 1989). In VWs, interaction between users and objects could be in three
possible combinations; person-person, person-object, and object-object (Antonacci &
Modaress, 2008). The most visible is person-person which occurs when users study
collaboratively together and share mutual points. Multiple users can exist in VWSs, with
each user represented by a recognizable avatar; therefore the person-person type of
interaction is inevitable. Besides this, such type of interaction can be enhanced with
the help of VW5’ different communication forms (Petrakou, 2010). Rich interaction is
possible among users such as through the exchange of objects, or messages (Messinger
et al., 2009). This goes beyond the interaction of a traditional face-to-face relationship
between learner and teacher, and also addresses a deficiency of the face-to-face
relationship. In VWs, all learners have equal right to take part in activities, regardless
of their social position or personal background (Kim et al., 2012). For example, VWs
allow an extreme introvert to take part in any or all of the activities; whereas in the

real world, they would most likely elect not to interact with their peers.

Another type of interaction is person-object. Users interact with objects in VWs all the
time. Users can construct complex objects or undertake an experiment with the help
of objects provided in VWs, and can thereby observe the consequences of their actions
(Antonacci & Modaress, 2008). Interaction between objects and avatars can result in
an educational experience for users (Gamage, Tretiakov, & Crump, 2011). The final
type of interaction is object-object. It is possible to simulate processes via
programming objects to interact with each other and then to observe the results
(Antonacci & Modaress, 2008; Warburton, 2009).
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Interaction is enriched in VWs, thanks to their extensive features. As Barab, Hay,
Barnett, and Squire (2001) argued, “the more technology can get out of the way, the
more actual interactivity might take place in the environment” (p. 136). However,
technical challenges of VW and the adaptation period of users could be considered as
obstacles to interaction (Petrakou, 2010), and such issues should be taken carefully

into consideration.

Immersive and Persistence Environment

VWs are immersive and persistent environments, which distinguishes them from other
types of computer application (Dalgarno & Lee, 2010). While an immersive
environment relates to the realistic display of the environment in which users feel as
though they are inside the environment, persistence is about feeling that the virtual
world exists even when a user is not logged in. It was argued that user artefacts are
also persistent in the VW environment, even when the user is not in the environment
(Pellas & Peroutseas, 2017). Dede (2009) listed the potential educational advantages
of immersive and persistence interfaces as; (a) to provide multiple perspectives, (b) to
provide digital simulations and rich interactions, (c) to enhance transfer through the
simulation of real world examples, and (d) to enhance participants’ engagement and

learning.

2.1.2 Affordances and Challenges

VWs have affordances and challenges when used for educational purposes (Kluge &
Riley, 2008; Petrakou, 2010; Samur, 2009), and it is therefore advisable for researchers
and practitioners to ensure they keep themselves informed about such affordances and
challenges. Previous studies listed the affordances of using VWs for educational as
follows (Dalgarno & Lee, 2010; Duncan et al., 2012; Kluge & Riley, 2008; Topu et al.,
2017; Warburton, 2009):

e VWs can support learning tasks that are impractical or impossible to implement
in the real world. For example, content to be learned could be historical, too
costly, not real, or not safe to practice in real life;

e VVWs enable users to design interactive environments, yielding opportunities

for interaction through elements in the environment;
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e VWs can facilitate experiential learning and contextualization. In this way,
they increase the potential for the transfer of what is learned to real life
situations;

e VVWs allow learners to view content from multiple perspectives and to enhance
the spatial ability of learners through multiple dimensions;

e VWs support multiple users from different locations, backgrounds and culture.
It is possible for learners to be exposed to authentic content and culture, and to
an exchange of knowledge and culture between learners. VWSs also support
collaborative activities;

e VVWs enable learners to construct objects and share them with others. Learners
have the chance to learn by doing and making rather than being taught;

o VWsyield an immersive 3D environment and an augmented sense of presence
for learners;

e VWs provide intrinsic motivation and engagement for learners as well as

multifaceted feedback.

The complexity of immersive environments present technical and social challenges for
educators in their integration within educational activities. Challenges of using VWSs
for educational purposes are listed as (Duncan et al., 2014; Dunleavy & Dede, 2014;
Hew & Cheung, 2010; Omale et al., 2009; Warburton, 2009):

e VVWs can potentially distract students from learning goals since they could get
off-task and lose concentration in an immersive virtual environment; causing
a lack of participation and/or inappropriate behavior;

e Technical problems with equipment, networks, and institutional firewalls are
potential problem areas;

e Some skills in VWs such as navigation, creation of objects, or the manipulation
of avatars and other issues could be daunting or overwhelming for some
students;

¢ Identity construction in some public VWs could be difficult since students may
introduce themselves differently. Building strong and accurate relationships

might be problematic because of accountability issues;
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e VWs require high performance capability computer hardware, especially
needed are powerful graphics cards, high levels of RAM and broadband
Internet connection for both the server and client side. Problems in any one of
these could lead to a computer crash, performance lag and/or down time;

e Building trust, authenticity, accountability and scaffolding students is essential
in group study work in VWs. Providing and maintaining group study could be
difficult in certain situations. Additional asynchronous communication
mechanisms may be needed in order to enhance group activities;

e Designing activities in VWs requires considerable time and skill; more so than
designing activities in other platforms. Instructors need to be skilled in time
management, design and the handling of technical issues;

e Costs for running a specific VW is another potential challenge, although some
platforms are locally hosted and open sourced. Some applications require a
premium level account in order to be able to design specific activities.
Maintaining a virtual world platform might entail additional costs;

e Standardization among different VW applications and viewers could be a
problem for both developers and users;

e Although VW is persistent, persistence only exists once an avatar was online

in that environment.

2.2 Programming Education

In recent years, there has been growing worldwide interest towards teaching
programming to some extent for all ages. Numerous scholars advocate that everyone
needs to learn programming (Duncan et al., 2014; Guzdial, 2015; Guzdial & Disalvo,
2013; Kalelioglu & Giilbahar, 2014; Resnick, Maloney, Hernandez et al., 2009). For
example, Guzdial and Disalvo (2013) argue that everyone from kids to working adults
and even retired people should learn programming to some extent in order to gain a
level of familiarity with the concepts of today’s fundamental issues. They associate
knowledge of programming with reading, writing, and knowledge of arithmetic, since
everyone uses them across all subject areas as well as in daily life. Similarly,
Kalelioglu and Giilbahar (2014) argued that everyone should learn programming
concepts appropriate to age level because contemporary issues require them to possess
some degree of programming skill. There have been many efforts to introduce
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concepts related to programming to all ages through integration into school
curriculum, establishing worldwide programming activities, or organizing out of
school activities. Some of the activities organized globally are “Hour of Code,” “EU
Code Week,” “Bebras” and locally “MotherCoders,” “Black Girls Code” and
“KodlaManisa.” All of these aim to promote programming for individuals at various
ages. Previous studies have shown that people have become informed about
programming from unanticipated sources such as from school setting to online

courses, and even in art schools (Guzdial & Disalvo, 2013).

Different terms are used in the literature to refer to programming education such as
computing education (Guzdial, 2015; Guzdial & Disalvo, 2013), coding education
(Duncan et al., 2014), and introductory programming education (Powers et al., 2006).
In addition, there are other terms derived from the growing interest towards
programming such as Computational Thinking (Wing, 2006), and Computational
Participation (Kafai & Burke, 2013b). The diversity of terms “similarly titled but
seemingly different” have made the issue difficult to understand and confused the
minds of students, parents, and administrators (Pears et al., 2007, p. 206). Although
there could be some small differences and one term could be a subset of another (i.e.
coding is a subset term of programming or computer science), their intersection point
is the importance of programming education for everyone. There could be differences
in the extent and purpose of education according to the level and age of learners. For
example, Gujberova and Kalas (2013) argued that the aim of the professional
programmer is not the same as primary and secondary school students who learn
programming, and they coined another term educational programming in order to refer
to the programming done by primary and secondary school students. The examination
of programming in history proves that the definition is subject to change and new terms
may emerge with advancements in technology, software, hardware and different usage
of computers over time (Blackwell, 2002; Gujberova & Kalas, 2013).

Programming and coding are regularly considered to refer to the same thing and used

synonymously (Duncan et al., 2014). However, in some studies, coding was used

instead of programming due to fact that the term coding is mostly used by

organizations that aim to teach programming to children and a “popular word”

nowadays. “Coding” is defined as translating a designed program as a solution of a
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problem into programming expressions via typing, combining or entering them
(Duncan et al., 2014). Programming could be defined as the “process of writing
programs” (Guzdial, 2015, p. 2). By definition, the process of programming includes
various steps such as building a logic to solve a problem, writing programming
expressions in a certain computer input language, transforming those into machine
language via compiling, and then testing and debugging (Papadopoulos & Tegos,
2012). During programming, those steps of instruction are defined for the computer to
solve specific problems. In the current study, the term programming refers to the

basics of programming.

Although learning programming is somewhat of a new trend nowadays, it was also
popular from the late 1970’s to the late 1980°s with the advent of personnel computers
(Gujberova & Kalas, 2013; Resnick, Maloney, Hernandez et al., 2009). There were
many attempts to introduce students to programming concepts at that time, but such
efforts did not last for a long time and the purpose of computer has been changed until
today. Due to the fact that only a relatively small number of people were interested in
programming as a technical skill (Resnick, Maloney, Hernandez et al., 2009), most
efforts at teaching programming were aimed at preparing individuals for the software
industry and the majority of research related to programming were conducted mostly
with undergraduate students (Guzdial, 2015). In the following sections, firstly, studies
in programming education for children are extensively addressed. Then, the
importance of programming education and challenges of learning programming are
presented. Then, issues related to how those challenges could be overcome are
addressed, and finally, environments and tools developed for teaching programming

are presented.

2.2.1 Programming Education for Children

Programming for children has gained worldwide interest in recent years. Many
countries have been trying to transform their current ICT courses or to establish new
courses in order to teach programming to children (Gal-Ezer & Zur, 2013; Gujberova
& Kalas, 2013; Kalelioglu, 2015; Menekse, 2015; Tenenberg & McCartney, 2014,
Yadav, Gretter et al., 2017). Concepts related to programming, computational thinking
and computer science are about to take place in K-12 curriculum. It has been reported
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that many countries such as Austria, Germany, Mongolia, Netherlands (Schulte &
Carsten, 2013), Australia and Mexico (Yadav, Gretter et al., 2017), United States
(Menekse, 2015), United Kingdom (Brown, Sentance, Crick, & Humphreys, 2014),
Israel (Gal-Ezer & Stephenson, 2014) and Turkey (Kalelioglu & Giilbahar, 2014) have
been either trying or are planning to implement programming into their K-12
curriculum, since they have realized the importance of teaching programming at young
ages (Gal-Ezer & Zur, 2013).

Previous studies argue that learning programming is essential for all ages (Sauppé et
al., 2015) and that everyone needs to know programming to some extent (Guzdial,
2015; Kafai & Burke, 2014). With the growing interest towards programming
education for children, some questions have arisen and discussions come into play;
two of which are how to teach programming to students and how to broaden
participation (Menekse, 2015). Others are around what age and in which phase of
education (i.e. primary or secondary) students should learn programming (Duncan et
al., 2012; Sauppé et al., 2015; Schulte & Carsten, 2013). Another is why students
should learn programming at all. That is all members of society need to be informed

about the importance of learning programming (Gal-Ezer & Zur, 2013).

Pedagogical aspects of learning programming comes into play in order to answer these
questions. The effective pedagogy of learning programming is dependent on the
phases of education and characteristics of learners (Waite, 2017). There are, of course,
different scholarly views on these issues. Sayin (2017) investigated which topics
should be taught to children at a specific age; arguing that it should be determined
according to children’s developmental psychology. It was reported that programming
could be taught to children at the pre-school level by introducing the basics of
algorithm, and the use of computer programs including programmable smart toys,
games and so on. For students at the primary school level, topics such as problem
solving, algorithm and programming should be taught including the use of information
and communication technologies. For students at the high school level, advanced level
programming topics such as robotics, web-based and mobile programming could be
taught. Waite (2017) reviewed a number of studies related to teaching computer
science in order to understand pedagogical underpinnings applied in those studies and
she identified four different context for teaching computing as physical computing,
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game making, unplugged and cross-curricular activities, and she offered pair
programming, problem based learning, peer support and apprenticeship for increasing

students’ engagement to learning programming.

Approaching this from a different perspective, Duncan et al. (2014) looked at the
question of at what age a student should learn programming, arguing that
developmental psychology, gender, and the relationship between programming and
other disciplines could have an effect on what age a learner should learn programming
topics. For example, if middle school girls have no natural passion for programming,
then pair programming and collaborative activities could be designed. At the end of
their study, Duncan et al. (2014) provided a set of levels, from 0 to 4, that correspond
to age ranges in order to provide an idea of ability level and learning outcomes based
on their heuristics. They also matched each level to specific programming tools
according to their characteristics. However, Kalelioglu and Keskinkili¢ (2017) argued
that children could learn the basics of programming without using a computer via
unplugged activities, as well as block-based programming tools on computers
according to their accessibility. For the more advanced levels, text-based and robotic
programming tools could be preferred. Using programming in other disciplines such
as mathematics or music is another method of teaching programming similar to
Waite’s (2017) cross-curricular activities. Lastly, activities for teaching programming
could be categorized in three levels according to curriculum of CSTA (Duncan et all,
2014). 1t was suggested that topics in the first level (K—6) should focus on sequencing,
and topics in the second level (grades 6-9) should focus on collaborative activities
with enough support. Activities in the third level should focus on algorithmic problem

solving by using the basics of programming.

There is “limited clear empirical evidence” to reveal the pedagogical aspects of
teaching programming for children since studies focus on just coding and content, and
conducted with older learners (Waite, 2017, p.41). More research needs to be
conducted as Grover and Pea (2013) emphasized the importance of conducting
research in this area in order to understand theoretical and practical advantages of
programming for children. Especially educational researchers and computer scientists
should collaborate on conducting research in order to fill the gap on this

interdisciplinary field (Franklin, 2015). A review of the literature shows a lack of
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studies on programming education for children, with much of the research conducted
at the higher education level (Grover & Pea, 2013; Gujberova & Kalas, 2013;
Knobelsdorf & Vahrenhold, 2013; Schulte, Clear, Taherkhani, Busjahn, & Paterson,
2010), which might be due to being a relatively young field of research (Gal-Ezer &
Zur, 2013).

2.2.2 Importance of Programming Education

The importance of programming education for children is multifaceted. There are
different perspectives and scholars who argue that children should learn programming
at an early age. They argue that children need to head towards programming and that
they should develop a positive attitude about programming (Duncan et al., 2014). In
this way, they would carry out the requirements of a computing intensive world and
be better prepared for the future careers of the 21% century (Knobelsdorf &
Vahrenhold, 2013). At this point it would be helpful to mention a growing demand for
programming-related jobs (Robins et al., 2003) and teaching programming as a good
opportunity for children to then follow it in their future life (Menekse, 2015). Guzdial
and Fisher (2014) argued that learning programming informs children about the
process of developing software and increases their awareness and understanding of the

weaknesses of software.

In addition to children’s future career options, programming is useful for children in
order to teach and promote various thinking skills (Akcaoglu & Koehler, 2014). For
example, Guzdial and Fisher (2014) argues that learning programming promotes
logical thinking, whilst Grover and Pea (2013) claimed that it yields learners the basics
of 21% century skills like critical thinking. As a pioneer advocator of programming
education at early ages, Papert (1980) asserted that children could improve their
thinking skills by analyzing problems, splitting problems into simpler forms to cope
with, building code expression, and testing and debugging in order to find the solution
to a problem situation. The value of learning programming is not limited to those
aimed at a career in computing. Regardless of future potential career plans, children
should learn programming to some extent in order to think critically and to express
their creative ideas via programming (Resnick, Maloney, Monroy-Hernandez et al.,
2009). Children have the chance to express themselves via programming and
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programming is a popular method in which they could use it as a tool for thinking
(Guzdial & Disalvo, 2013).

In the literature, it was asserted that learning programming brings some cognitive skills
to children such as reasoning skills, planning skills, and problem-solving skills
(Gomes & Mendes, 2007; Pears et al., 2007), as well as computational thinking skills
(Grover & Pea, 2013). Previous research has shown that children who had previously
learned programming outperformed in terms of cognitive skills when compared to
those who had not (Akcaoglu, 2013). Computational thinking is another important
cognitive skill that programming plays an important role in promoting (Duncan et al.,
2014; Grover & Pea, 2013; Kafai & Burke, 2013a; Menekse, 2015). Computational
thinking was first popularized by Wing (2006) who defined it as “solving problems,
designing systems, and understanding human behavior by drawing on the concepts”
(p. 33) of computer science such as debugging, remixing or iteration. It was argued
that not only those interested in computer science, but that everyone needs
computational thinking skills (Herro, Gardner, & Boyer, 2015). People might use
computational thinking skills in daily life (ISTE, 2015); however, an increase is
necessary for all in the awareness of what computational thinking is and how best to
use it. With the help of computational thinking, it is possible to overcome problems
that could otherwise be difficult to solve at the beginning (Wing, 2006). Developing
computational thinking is concerned with the learning of programming, but is not
wholly limited to it (Kalelioglu & Giilbahar, 2014; Yadav, Stephenson, & Hong,
2017).

The literature shows that learning programming promotes computational thinking
skills (Boyer, Herro, & Gardner, 2014; Buffum et al., 2015; Kafai & Burke, 2013a;
Kalelioglu & Giilbahar, 2014). It was found that computational thinking skills of 5%
grade students increased at the end of programming education with Scratch (Kalelioglu
& Giilbahar, 2014). Boyer et al. (2014) aimed to develop CT skills of students through
a pilot study by developing mobile applications using App Inventor. At end of their
study, they found that students had a positive attitude towards programming and

realized that they could in fact achieve programming.

28



To summarize, Guzdial (2015) listed six reasons to teach programming to children.
Firstly, learning programming increases the possibility of following a computer-
related career since programming education at early ages can improve motivation to
follow. Secondly, learning programming helps children to understand the world better
since computing is omnipresent in today’s world. It helps children to familiarize
themselves with the foundational principles of interfaces and technologies that they
will encounter in daily life. Thirdly, learning programming enhances computational
thinking, which is helpful in transferring knowledge of computing to daily life. This
approach might increase achievement in life. Other reasons are that learning
programming increases computational literacy and productivity. People with the
ability of reading and writing computer programs could potentially then go on to
produce according to their needs rather being a consumer. Finally, everyone should
have the chance to learn programming. Teaching programming at early ages could
thereby broaden participation, regardless of gender or race or other demographic

variables.

2.2.3 Tools for Teaching Programming for Children

Learners of programming come from a wide age range, from the primary school
students to undergraduates in higher education (Guzdial, 2004; Kalelioglu &
Giilbahar, 2014). Although the age of learners and their purpose of learning
programming could change from learner to learner, programming is a complex topic
that is considered difficult to learn, especially for novices (Guzdial, 2004; Kelleher &
Pausch, 2005; Saeli et al., 2011; Schulte & Carsten, 2013). There have been many
studies that have investigated why programming is considered so difficult by students
(Gomes & Mendes, 2007; Kurhila & Vihavainen, 2015; Ozmen & Altun, 2014). In
one such study, Esteves, Fonseca, Morgado, and Martins (2008) stated that novice
learners have difficulty in understanding basic programming concepts due to the nature
of traditional courses based on lecturing and programming syntax. In traditional
courses, students usually learn programming theoretically by memorizing syntax and
script without ever implementing them and not applying them in different contexts and
problems (Esteves, Morgado, Martins, & Fonseca, 2006; Giilmez, 2009). Moreover,
students cannot understand abstract concepts since they do not have real life

equivalence and therefore cannot apply them to problem situations (Gomes & Mendes,
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2007). Rather than learning programming syntax and semantics, students should learn
how to solve problems and produce algorithms from the outset (Esteves, Fonseca et
al., 2008). Semantics and syntax of programming languages preclude learners to focus

on the important points of programming (Guzdial & Guo, 2014).

The literature explains the reasons why programming is considered hard for novices,
including children, as follows (Blackwell, 2002; Maloney et al., 2008; Pears et al.,
2007; Resnick, Maloney, Hernandez et al., 2009):

e Most programming languages are inappropriate to introduce the basic concepts
of programming to novices since they were not generally developed for
educational purposes. Most are too difficult to use and understand since they
require special concepts, features and notations. Syntax, nature and notational
machine of programming languages is often complex for novices. Error and
warning messages could be meaningless for novices;

e Activities designed (i.e. listing prime numbers or making simple line drawings)
for teaching programming do not draw the attention of learners as they are not
directly related to their interests;

e Learners lack motivation and engagement due to traditional and non-
meaningful methodologies.

e Lack of guidance on supporting learners’ deep understanding of programming

concepts.

There are some misconceptions about learning programming derived from the reasons
listed. Some of them are myths expressed by those who themselves lack
understanding. Some misconceptions are that “programming is too hard for children,”
“programming is mostly done in isolated place from the community,” “it is an asocial
and competitive activity,” “programming is mostly for boys and related to a
profession,” and “programming is a boring activity” (Gujberova & Kalas, 2013;

Porter, Guzdial, McDowell, & Simon, 2013).

Many tools are designed to satisfy the needs of novices for the aforementioned reasons
(Duncan et al., 2014; Pears et al., 2007; Sauppé et al., 2015). Their aim is to address

the difficulties that students have during the learning process (Gomes & Mendes,

30



2007). Tools for children are often very creative, easy to use and also easy to adopt.
Accordingly, students’ success and motivation are aimed to be increased. What these
tools actually do can be listed as visualization of abstract concepts, contextualization
of programming, using games to motivate students (Esteves et al., 2008), using smaller
segments of code to practice, and using graphical and narrative tools to eliminate
syntactical errors (McWhorter, 2008).

There is a noticeable amount of study on such tools and their affects. Recent studies
have shown that using tools in learning programming has an effect on programming
achievement (Giilmez, 2009). One advantage of using such tools in teaching
programming is that they could enable students to better understand abstract concepts
(Esteves et al., 2006; Tekdal, 2013). Esteves et al. (2008) argue that visualization helps
students understand the concepts of programming better since physical, spatial or
visual representations are easier to retain, and that learners are provided with
immediate feedback, with the help of visualization, so that learners try to find solutions
to their own problems. Program visualization and animation tools could enable
learners to see the execution of lines of program code by the application of graphical
effects. Therefore, students better understand program code and how program
execution works, which are the some of the most difficult concepts encountered during
the learning process (Tekdal, 2013). Some tools also help students to increase their
motivation since they add that element of fun to the learning process (Papadopoulos
& Tegos, 2012).

Various learning strategies and approaches are employed in tools such as storytelling,
visualization techniques, and pair programming (Salleh, Shukur, & Judi, 2013).
Therefore, tool features and capabilities can vary, although they all have the same
mission. In their study, Powers et al. (2006) categorized the tools as narrative,
visualization, flow-model, and specialized output realization tools. Narrative tools
such as Alice allow learners to create stories via programming. Visualization tools
allow learners to create programs via drag and drop code blocks. Flow-model tools
enable learners to create programs connecting the elements of tools to each other.
Specialized output realization tools enable learners to take feedback in non-textual
forms such as designing a concrete activity with a robot and giving commands to that

robot.
31



To summarize, all of the developed tools starting from Logo are primarily aimed at
making programming easy for students to understand, and to increase motivation
although in each one, programming is presented in different formats (Bishop-Clark,
Courte, & Howard, 2006; Ingram-Goble, 2013). Some of the important tools are
briefly described as follows.

Scratch

Scratch is a programming tool used by young people to create a wide variety of
projects from video games to interactive stories and newsletters, from science
simulations to birthday cards, and many others beside. It was developed by a team
working at the MIT Media Lab and the Scratch Website was first published in 2007.
With its launch, it offers learners a community of practice to share and discuss their
projects as well as source code of other projects for the purposes of remixing them
(Resnick, Maloney, Hernandez et al., 2009). According to statistics from the Scratch
website, there are so many registered users and projects, and the community continues
to grow all the time. Although Scratch was designed for ages 8 to 16; it has been used
by those from K-12 to even universities as a first step towards programming. With
growing interest, it has been translated into more than 40 languages and used in over
150 different countries (Scratch — About, 2017). Figure 2.1 illustrates a Scratch

programming environment with some code blocks.

Figure 2.1 — Scratch programming environment
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Scratch could be considered as a programming language that aims to improve the
programming skills of young children with the help of its easy-to-use and attractive
interface. It is so easy to create projects by integrating predefined code blocks that
prevent learners from making syntax errors since the shapes of blocks are like a
“jigsaw puzzle” that can only be integrated in a certain way. Users are able to integrate
blocks in different sequences and combinations without worrying about the syntax and
notation that are features of a traditional programming language (Resnick, Maloney,
Hernandez et al., 2009). As a result, the student’s code is free of syntax errors
(Papadopoulos & Tegos, 2012). Users can program characters called “sprites” in
Scratch on the screen called as “scenes.” They may also personalize their projects by
adding background to their scene and new characters (sprites); and in this way, users
can work on projects that are more meaningful to them. Scratch was developed with
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the aim of making programming more “tinkerable,” “meaningful” and more social, as

well as being easier to use (Resnick, Maloney, Hernandez et al., 2009).

With its wide acceptance among learners, Scratch was modified into different versions
in order to add new features, or adapt it to other programming languages. For example,
Scratch for Second Life (S4SL) was modified by a member of the Scratch team. It is
used for creating scripts in Linden Scripting Language of Second Life by using the
known code blocks of the original Scratch, and with a layout and logic similar to that
of Scratch. Another Scratch modification is Scratch for OpenSim (S40S), which is
similar to S4SL. It creates scripts in order to program objects in OS by using the
original Scratch software logic and interface.

Alice

Alice is a programming environment that enables learners to create animations,
interactive stories and simple games in 3D. It was developed by the Stage 3 Research
Group at the private Carnegie Mellon University in Pittsburgh, Pennsylvania. Students
program built-in objects in a virtual world without the need to write source code
(Kunkle, 2010). It enables students to build virtual worlds by dragging and dropping
objects, methods, and control structures within an editor (Pausch, Dann, & Cooper,
2000). Creating virtual worlds in Alice is easy for students. Figure 2.2 shows a

screenshot from the Alice programming environment.
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Figure 2.2 — Alice programming environment

Alice enables users to create animations, videos and interactive games in order to tell
or share a story by only modifying objects and movements of a camera (Pellas &
Vosinakis, 2017). It is generally used for meeting the needs of novice learners to learn
object-oriented programming by controlling the appearance and/or behavior of objects
in the environment via programming. The aim of Alice is to attract the interest of users
from underrepresented groups such as women in order to draw their attention to
programming and motivate others (Pausch et al., 2000). In Alice, users can create
animated scenarios based on storytelling via integrating code blocks. Drag and drop

code blocks prevent learners from making syntactic errors similar to Scratch.

Karel the Robot

Karel the Robot is a robot simulator that introduces students to the basics of
programming using a language similar to Pascal. In Karel the Robot students navigate
Karel and interact with other objects in its world via text-based instructions given to
Karel. Students can then observe the movements of Karel, change them where needed.

Students can build walls and add other robots in a 2D virtual environment. They can
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also analyze their programming via executing the instruction and following the
behavior of the robot to see whether or not Karel functions as intended (Papadopoulos
& Tegos, 2012).

Greenfoot

Greenfoot is a 2D interactive visual environment in which learners change the
behavior and appearance of objects in a standard textual Java code, with some of the
complexities removed (K6lling, 2010). The main aim of Greenfoot is to teach object-
oriented programming in Java. It enables learners to experiment with real code in
flexible scenarios, whilst providing visual feedback. Greenfoot makes it possible to
understand object-oriented concepts in a simple way (Papadopoulos & Tegos, 2012).

A screenshot from Greenfoot is shown in Figure 2.3.

Other Tools

There are many tools developed in order to help teach programming to learners (Gross
& Powers, 2005; Kelleher & Pausch, 2005; Powers et al., 2006). Some other tools are
robotic Kits and tangible media such as Lego Mindstorms, Makey, and Arduino Kits.
In contrast to the tools which confine learners to the constraints of a computer screen,
these kits could be more meaningful for children since they are based on tangible,
physical, real world objects which can be programmed to operate certain predefined

functions.
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Figure 2.3 — Greenfoot programming environment

Lego Mindstorm is the most widely known and used (Powers et al., 2006). Figure 2.4
shows an example of Lego Mindstorm robot. The kit includes many pieces such as
Lego bricks, a microcontroller, sensors, as well as motors and gears. The bricks can
be joined in many combinations in order to accomplish a meaningful task with the help
of actuators and sensors. For example, learners may build a fire truck that can detect
and extinguish fires. Learners may be more motivated and engaged since they study
using such hands-on activities and solve problems in context by testing their programs

in a more concrete way through interaction with fellow students (Powers et al., 2006).

Figure 2.4 — A Lego Mindstorm robot
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2.3 Research on Programming Education in 3D Virtual Worlds

Virtual worlds provide educators with the ability to create rich and compelling 3D
context for students’ learning as well as communication tools to support discussion
and collaboration (Delwiche, 2006; Esteves, Fonseca et al., 2008). They allow learners
to connect, interact and collaborate with each other simultaneously in the same space
(Girvan, Tangney, & Savage, 2013). It is possible to edit the same objects, and attach
scripts to those objects synchronously and asynchronously in VWs since the objects

are persistent.

In spite of the affordances of VWs as new technological tools, their use for educational
purposes could not go beyond the replication of real world examples (Winn, 2005)
such as organizing lecture theatres or virtual university campuses. On the contrary,
their affordances could be made use of for new educational opportunities (Girvan,
Tangney, & Savage, 2010). At this point, the use of VWs could bring about new
opportunities to students in regards to improving their programming performance.
Educators could see VWs as a new way to overcome difficulties encountered by novice
learners while teaching programming (Esteves et al., 2011; Esteves, Fonseca et al.,
2008). Previous studies have argued that potential benefits of using VWs for
programming education are (a) VWs could improve students’ cognitive skills
(computational and higher order thinking skills), (b) VWs could enhance reflective
learning and facilitate the transfer of programming knowledge to real life examples,
(c) VWs could yield a virtual community to study together and thereby improve the
collaborative skills of students, (d) VWs could yield a wide range of context for
different types of activities that could attract learners of any age, and (¢) VWs could
yield a place for learners to exhibit and share their artefacts (Kahn, 2007; Pellas &
Peroutseas, 2016). In spite of these potential benefits, the use of VWs in teaching
programming to novices has not yet been explored that much in the literature (Hulsey
et al., 2014, Pellas, 2014a; Seng & Edirisinghe, 2007). In this section, studies related

to use of VWs in programming education are addressed.

In one study by Esteves et al. (2008), the researchers studied with a group of
undergraduate students working as pairs in SL in order to develop projects by using
SL’s built-in language, LSL. At the end of their study, they found that when the
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working area of the students was vast and scattered, instructors had difficulty in
moving from one area to another within the environment. Additionally, it was difficult
for instructors to follow the progress of students since the students were continuously
working in the environment. Another problem was communication in the public area;
when the students spoke in public, it was hard to figure out who was speaking. Other
difficulties which students encountered were using the SL interface, understanding
LSL, and interpreting errors while compiling the scripts. Findings of the study by
Esteves et al. (2008) indicated that most students had a positive or neutral attitude
towards the immersive nature of SL; however, a few students had a negative attitude

since the environment was complex and inadequately serious, according to them.

In another study, Esteves, Fonseca, Morgado, and Martins (2009) conducted a four-
phased action research in order to understand whether or not SL could be used in
programming education for learners. At each phase they repeated the same study with
different participant groups with enhancements based on results of the previous phase.
Students completed activities such as building and programming a car, robot or dog to
perform specific tasks. Students completed the tasks via programming in LSL of SL.
At the end of the study, the researchers concluded that activities prepared in the
environment should be as visual, interesting, meaningful and appropriate as possible,
as well as communication within the environment should be public for general

expressions and private for students’ needs and to raise doubts about a specific topic.

In another study, Esteves et al. (2011) studied with students from diverse education
levels. Students were required to undertake a project by using LSL of SL in pairs. At
the end of the study, the researchers suggested that communication within the
environment should be text-based and private rather than voice-based and public. This
opportunity would enable students to obtain help at any time from their instructors.
However, instructors had difficulty in giving immediate feedback to their students;
whereas students would like to reach their teachers and get help as soon as possible.
Students preferred the visual projects compared to nonvisual since such projects were
more meaningful and engaging for them. In visual projects, the students built an object
and added script to it within the environment. Students felt inspired with the immersive

features of the environment and not isolated, as opposed to traditional programming
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courses without social contact. One significant problem experienced by some of the
novice learners was in the use of interface of SL and LSL during programming.

Seng and Edirisinghe (2007) investigated the use of SL as a learning environment in
computer science due to its inherent lack of use in those subjects. They provided
simulated code segments to students and asked them to match simulations with correct
code segments. They concluded that using SL increased student engagement, the
effectiveness of peer teaching, and the attractiveness of the learning activities. The
requirements of SL, the difficulty of LSL, the lack of a suitable SL compiler were all
seen as disadvantages of using SL. In another study, Rico, Martinez-Mufioz, Alaman,
Camacho, and Pulido (2011) prepared an introductory programming course using a
platform named “VLeaF” for high school students in order to make programming
concepts more attractive. The system was based on OpenSim and a web portal in which
students could program 3D objects in LSL and find the necessary materials. Both
students and teachers found the system easy to use and the authors reported that
scripting within the VW increased their motivation, collaboration and level of
cooperation. Students also liked scripting in VW because of the direct interaction with
3D objects and the ease of communication with other users. However, students
expressed that they did not feel so free in the environment.

Hulsey et al. (2014) organized a weeklong camp named “Camp CyberGirls” in order
to introduce the basic concepts of programming to 16 female high school students. In
doing so, they prepared a virtual environment consisting of 10 tasks including
modeling and scripting activities; for example, modeling and scripting a sliding door.
Modeling and scripting were performed using the environment’s functions such as
writing scripts in LSL. Results of the study indicated that although it was more
complicated for students to complete tasks compared to other programming tools such
as Alice or Scratch, students had the chance to perform a wide variety of learning
activities. Moreover, studying and completing tasks in VW was a source of motivation
for the students and they realized a high degree of satisfaction. They also reported that
they would like to improve themselves for potential computer-related careers. Some
students suggested that the camp hours could have been longer, whilst some reported
that writing real code was in fact difficult for them.
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Writing scripts in LSL is difficult for students, especially for novices. Therefore,
Rosenbaum (2008) developed a Scratch-like tool known as S4SL, that could be used
for creating scripts for LSL in a basic manner. S4SL was piloted with 10 inexperienced
adult student users in order to discover the appropriateness and usability of S4SL in
SL. The students developed virtual artefacts in the virtual world and added interactivity
to those artefacts by programming them via S4SL. At the end of the pilot study, it was
reported that the students were able to easily build objects and create scripts for them.
The ease of being able to create scripts for objects made the students feel a sense of
empowerment. It was reported that students were satisfied since it was very simple to
create script for virtual objects via S4SL. However, technical challenges and
unexpected situations caused some of the students to feel frustrated. Girvan (2014)
argued that learners have the potential to engage in constructionist learning
experiences with the help of virtual worlds as they provide learners with a blank canvas
to fill in through their knowledge and programming skills. Virtual worlds also allow
learners to share their artefacts with others, and in this way, it is possible for them to

explore and test their understanding through collaborative construction.

Girvan, Tangney, and Savage (2010) proposed the use of “SLurtles” in Second Life or
OpenSim, in order to teach geometry as well as abstract concepts of programming by
collaboratively creating 3D objects within the environment. They designed a 3D object
named “SLurtle” similar to Papert’s turtle, which could be programmed with Scratch
for Second Life in a 3D environment. Students programmed them to create artifacts
such as a house, tree, piano, and a bowling alley by using S4SL. At the end of their
study, the authors argued that SLurtles with S4SL could be used to lower the floor and
widen the walls. Users could create a wide variety of shareable and consistent artefacts

within the environment.

In another study by Girvan, Tangney, and Savage (2013), an exploratory case study
was conducted with 24 graduate students with little or no programming experience.
The participants studied in pairs for a period of four weeks and constructed interactive
objects such as a playable piano. The aim of the study was to understand whether or
not SLurtles could be used during the construction of shareable artefacts. The study’s
results showed that they were easy to use and powerfully expressive tools which
enabled the learners to create a wide variety of artefacts within the environment in
40



parallel with constructionist learning, even for novice learners. Moreover, SLurtles
supported students’ thinking processes, and provided them with visual feedback;
making it possible to easily understand abstract concepts. They were also helpful in
engaging students with the learning objectives since the students argued that studying
with them was funny and the authors argued that students gained a high sense of
satisfaction. On the other hand, S4SL limited the variety of artifacts created with
SLurtles due to the limited complexity of code offered by S4SL. Transferring code
from S4SL to the VW environment, creation of modeling 3D objects, generic skills in
SL such as using camera control, avatar movement and communication tools were
seen as difficult for some students at first. Finally, they reported that collaboration
during programming SLurtle was problematic. Students tried to collaborate their code

by adding the screenshot of the code on an object’s texture in order to share it.

Sajjanhar and Faulkner (2014) also studied with 12 graduate students in order to
investigate the use of SL in conjunction with S4SL for the teaching of basic computer
programming concepts. At the end of their study, most of the students found SL easy
to use and learn. Some of the students argued that learning programming in SL
facilitated the learning process and the potential for instant feedback was deemed
helpful. Apart from a few students, most appreciated the use of SL in learning basics
of programming. A few students defined the VW as a distraction because of in-world

entertainment.

In another study, Pellas (2014b) used OpenSim and Scratch for OpenSim (S40S) to
teach basic programming commands to high school students. They provided a mind
trap puzzle to students in the VW and asked for them to solve it via S40S. At the end
of the study, the researchers concluded that students’ motivation, engagement,
collaboration with others and achievement had increased. S40S in OpenSim provided
students with a unique learning environment to create objects-to-think-with by using
programming commands. They also reported drawbacks of using VW as students’
misuse, distractions in the VW, difficulties of using and navigating through avatars in

VW and the coordination of activities.

Pellas and Peroutseas (2016) conducted a mixed-method study with 56 high school

students in order to understand how students engaged in an introductory programming
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course in SL. Students studied to create Greek letters in a 3D environment for a period
of six weeks (eight hours laboratory time plus eight hours distance) with the help of
S4SL. The study’s results revealed that students’ engagement, attention, and interest
in programming via S4SL in the 3D environment were positively affected. Moreover,
the authors argued that they found evidence of increased motivation, collaboration and
achievement in programming concepts. The presence of a teacher and a source of
feedback for the students enhanced their level of engagement. In another study, Pellas
and Vosinakis (2017) conducted a study with 28 students (aged 14-15 years) in order
to investigate the motivation of students using S4SL in a 3D environment. The students
studied in pairs to complete tasks collaboratively. The study’s results indicated that the

use of VW and S4SL positively affected the students” motivation and participation.

Dreher, Reiners, Dreher, and Dreher (2009) complained that information science
courses do not motivate students intrinsically and that they are far from the practical
application of industry. They argued that “learning programming is not linked to real
world relevance” (p. 213) although skills in programming are a key aspect of industry.
Therefore, they stressed the importance of VWSs that enable learners to create 3D
objects and program them in VWs, which might be pedagogically useful. Moreover,
visualization of programming concepts in a 3D environment, testing code in context
and working collaboratively within the environment are the most prominent
affordances of VWs in learning programming. Last but not least, learning
programming in VWSs could be more interesting and practical when compared to
learning by traditional methods. On the other hand, the use of VWs could bring about
some challenges since they require high capability computers, high level bandwidth

and high usage quotas.

2.4 Summary and the Research Gaps

Programming for children has gained worldwide interest in recent years. It has been
argued that learning programming is essential for all ages (Sauppé et al., 2015) and
that everyone needs to know programming to some extent (Guzdial, 2015; Kafai &
Burke, 2014). Therefore, there have been numerous efforts to introduce the basics of
programming to children via designing curricular and extra-curricular activities in

schools and after-school programs outside of schools (Kafai & Burke, 2014). In
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addition, in recent years many countries have been trying to transform their current
ICT courses or establish new computing-related courses to teach programming to
children (Gal-Ezer & Zur, 2013; Gujberova & Kalas, 2013; Kalelioglu, 2015;
Menekse, 2015; Tenenberg & McCartney, 2014; Yadav, Gretter, Hambrusch, &
Sands, 2017).

Programming is a complex topic that is considered difficult to learn, especially for
novices (Guzdial, 2004; Kelleher & Pausch, 2005; Saeli et al., 2011; Schulte &
Carsten, 2013). In order to reduce the difficulties faced by students during the learning
process and to increase their success and motivation (Gomes & Mendes, 2007), many
tools and environments have been developed (Duncan et al., 2014; Pears et al., 2007;
Sauppé et al., 2015). What these tools actually do can be listed as visualization of
abstract concepts, contextualization of programming, using games to motivate
students (Esteves et al., 2008), using smaller segments of code to practice, and using
graphical and narrative tools to eliminate syntactical errors (McWhorter, 2008).

VWs, with their characteristics and affordances, could be utilized for teaching the
basics of programming to children. At this point, the use of virtual worlds could bring
about new opportunities for children with regards to improving their programming
performance. Previous research investigated the use of VWs in terms of overcoming
learners’ difficulties encountered during the learning of programming (Esteves et al.,
2011; Esteves, Fonseca, et al., 2008). However, studies concerned with the use of VWs
in teaching programming have been limited and mostly conducted with participants at
the high school, university and graduate levels (e.g., Girvan et al., 2013; Hulsey,
Pence, & Hodges, 2014; Pellas, 2014a; Seng & Edirisinghe, 2007). Studies examining
its use in different educational programs and comparing and contrasting the results
have not been found in the literature; therefore, there is a need to understand the use
of virtual worlds in teaching the basics of programming to children through different

educational programs.
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CHAPTER 3

METHODOLOGY

This chapter is devoted to the method in which several scientific steps and procedures
were followed throughout this study. In this chapter, the reasons of how and why
particular methods were chosen are broadly justified and explained. Firstly, the
research design of the study and pilot studies are elaborated on; then, the design and
development issues of 3D virtual learning environment are explained. Thirdly, the
selection of cases and participants are presented. Finally, data collection methods and
procedures, data analysis, the researcher’s role and trustworthiness of the study are

described.

3.1 Purpose of the Study and Research Questions

The purpose of this study is to understand the use of virtual worlds in teaching basics
of programming for children as well as revealing the main points of using virtual
worlds. In a broader context, this current study aims to examine the perceptions of
participants about ease of use and perceived usefulness of VWSs in programming
education, the affordances and challenges of using virtual worlds, issues and strategies
for the group study, design issues of different educational programs in VWs, factors
that affect satisfaction, and avatar issues. This study also aims to investigate the use of
VWs in three different educational programs; curricular, extra-curricular, and after-
school programs. The final purpose of this study is to reveal the similarities and

differences across the cases.
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The main and sub-research questions of this study are as follows:

How could virtual worlds be utilized in programming education for children from

different educational programs?

a. To what extent do participants perceive the ease of use and usefulness of SDP?

b. What are the affordances and challenges of using virtual worlds in
programming education for children?

c. How does avatar representation affect the experience of participants?

d. How do the issues and strategies about group study in SDP affect the
experience of participants?

e. What are the factors affecting participants’ satisfaction in SDP?

f.  What are the issues and strategies for the design of SDP?

3.2 Design of the Study

There are four ways of knowing something; experiencing via sensory, agreement with
others, using logic, and using scientific methods (Fraenkel, Wallen, & Hyun, 2012).
In order to reach the most reliable and accurate knowledge, scientific methods need to
be followed. Research consists of systematic steps used to collect and analyze data in
order to reach the required level of knowledge about a topic or issue (Creswell, 2012;
Merriam, 2009). Quantitative and qualitative are two types of research. While
quantitative studies investigate the relationships between variables by numerical
attributes of the data, qualitative studies are concerned with the quality of relationships
or situations from the viewpoint of participants by using words and narratives
(Fraenkel et al., 2012). These differences are due to the fact that both are based on two
different paradigms. That is, quantitative research is based on the philosophy of
positivism, whilst qualitative research is based on the philosophy of postmodernism.
Creswell (2012) suggests using quantitative research in order to provide broad
explanations to a large number of people by assessing the impact of variables on an
outcome, and suggests using qualitative research in order to provide explanations
based on participant perspectives by obtaining detailed information from a few people

or research sites.
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Merriam (1998) defined qualitative research is an “umbrella concept covering several
forms of inquiry that help us understand and explain the meaning of social phenomena
with as little disruption of the natural setting as possible” (p. 5). She also argued that
there were some other terms used by researchers that refer to qualitative research. The
purpose of qualitative research is to explore in depth the central phenomenon of a study
(Creswell, 2012). Although different terms have been used, the four common
characteristics of qualitative research are that: (a) the focus is on process, meaning and
understanding; (b) the researcher is the primary instrument of data collection and
analysis; (c) the process is inductive; and, (d) the process is richly descriptive
(Merriam, 2009).

Qualitative approach was chosen as the method for the current study in order to answer
the research questions. Firstly, there is too little known about the use of virtual worlds
in programming education for children, and therefore it needs to be explored in a more
detailed way. Creswell (2007) stated that qualitative research is appropriate when there
is too little information about the “phenomenon of study” (p. 16). Similarly, Bogdan
and Biklen (2007) stated that it is possible to deeply explore a phenomenon in
qualitative studies. Secondly, in order to deeply understand the use of virtual worlds
in programming education, there is a need to learn more from the perspective of
children through exploration in a real context and setting (Creswell, 2007). Lastly, the
characteristics of qualitative studies correspond well to the approach followed in this
study; for example, interview and observation were the main data collection

instruments employed.

After matching the methodological approach to the research problems, the type of
qualitative research was then decided from the many forms of qualitative research.
Case study research, one of the qualitative research designs, was adopted for the
current study. Before rationalizing this selection, it could be helpful to consider some
of the characteristics of case study in more detail. Yin (1994) defined case study as
“an empirical inquiry that investigates a contemporary phenomenon within its real life
context especially when the boundaries between the phenomenon and context are not
clearly evident” (p. 13). In addition, Stake (1995) defined case study as the use of a
single case or multiple cases with boundaries in which a researcher provides an in-
depth understanding of the cases or a comparison of several cases by gathering
47



multiple sources of data. Baxter and Jack (2008) argued that Stake (1995) and Yin
(1994) are two proponents of case study and that the mutual point in the two definitions
is the existence of boundaries or a requirement of placing boundaries on a case.
Creswell (2007) also pointed out the importance of bounded context and Merriam
(1998) cautioned that if a phenomenon studied could not be intrinsically bound, then

that study cannot be a legitimate case study.

Case study research could be preferred as a research design; when the form of research
questions are how and why format, when the researcher’s control is limited or absent,
or when the focus is on a contemporary phenomenon (Yin, 2003). Case study provides
much detailed information about the phenomenon being studied in its context and
offers a more complete picture of what happened and why (Neale, Thapa, & Boyce,
2006). Merriam (2009) added that case study is useful when studying educational

innovations, evaluating programs, and informing on policy.

Due to several legitimate reasons, case study is considered as appropriate for the
research design of the current study. Firstly, the main points of using virtual worlds in
programming education for children are not yet clearly known. There is therefore a
clear need for more in-depth understanding of the issues in order to reveal the main
points with regards to VW usage in programming education. Such a phenomenon
under investigation can be studied in significant depth through the application of case
studies (Merriam, 1998). Secondly, the focus of the current study is on a contemporary
phenomenon, virtual worlds, which is one of today’s educational innovations (Kafali,
2010), and the use of VWs in the provision of programming education for children
needs to be explored in a broad manner. Thirdly, the use of virtual worlds needs to be
investigated in real context without manipulation. Lastly, the cases were bounded as

curricular, extra-curricular and after-school programs.

Case studies vary according to their type, intent of analysis and size of bounded case,
such as an individual or multiple case (Creswell, 2007; Merriam, 2009; Stake, 2005).
Researchers need to decide on the type of case study most convenient and pertinent
for the particular study in hand (Creswell, 2007; Baxter & Jack, 2008). Multiple case
is one of the case study designs. It requires collecting and analyzing more than one
single case (Creswell, 2007; Yin, 2003). There are different names used in the
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literature referring to multiple case studies such as collective case studies, multicase
or multisite studies (Merriam, 1998). In this current study, multiple case is the
preferred term used. The number of studies adopting this design has increased in recent
years, especially in the study of school-based educational innovations (Yin, 2003). In
the multiple case study, researchers aim to show different perspectives on the
phenomenon by analyzing multiple cases (Creswell, 2007). It enables researchers to
analyze and explore differences and similarities both within and between cases (Baxter
& Jack, 2008). Yin (2003) also stated that multiple case study uses the “logic of
replication” and it either “(a) predicts similar results (a literal replication) or

(b) predicts contrasting results but for predictable reasons (a theoretical replication)”

(p. 47).

Multiple case study design has its own advantages and disadvantages (Yin, 2003). It
could simply take up too much time and effort to conduct a multiple case study when
the number of cases are considerable (Baxter & Jack, 2008). On the other hand, it
increases the precision, validity and stability of findings and enhances generalizability
of findings when compared to single cases since multiple cases increase the degree of
variation across the cases (Merriam, 1998). Yin (2003) stated that the results of
multiple case design are also more compelling and robust and added that if resources
are available, multiple case design is often a good choice since it increases the overall
quality of the research. Keeping in mind these advantages and disadvantages, multiple
case design was chosen to be conducted in the current study, with three cases from
different educational programs selected in order to answer the research questions more

accurately. Figure 3.1 illustrates the design of this particular multiple case study.

With increasing worldwide interest, programming education has become part of the
curricular activities in some schools as well as an extra-curricular activity organized
both within schools and after-school programs that operate outside of schools.
Students can therefore learn programming in three different educational programs:
curricular, extra-curricular and after-school programs. With the help of this current
study, it is aimed to better understand the use of virtual worlds in programming
education across these three different types of educational program. Moreover, the

similarities and differences between and within the cases will be revealed.
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Understanding use of
VWs in programming
education for

children

Case 3

Figure 3.1 — Multiple case study design (adopted from Creswell, 2007)

Figure 3.2 represents the overall research design of the study. Detailed information

about each part of the figure are discussed in the following chapters.
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Figure 3.2 — Overall research design and implementation of the study

3.3 Pilot Study

Pilot study is a small-scale trial in which proposed procedures are conducted and tested
in order to detect problems, if any, and to refine the processes before the main study
starts (Fraenkel et al., 2012). Conducting a pilot study before the main study enables a
researcher to be aware of potential problems and thereby protects the researcher from
entering the “field” in a “blind” mode (Sampson, 2004, p. 398). Conducting a pilot
case also enables a researcher to take the necessary precautions to mitigate risks from

potential problems that may occur throughout the research study. Pilot study is more
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than testing the data collection methods of a study (Merriam, 2009). There are
particular advantages of conducting a pilot study such as it allows for the refinement
of research instruments, interview questions, data collection plans and procedures, and
helps to clarify the appropriateness of the research design, and to assess the degree of
observer bias (Merriam, 2009; Sampson, 2004; Yin, 2003).

Pilot cases should be selected based on their convenience, access and geographical
proximity to the researcher (Creswell, 2007; Yin, 2003). The researcher of this current
study decided to conduct two pilot cases before the main research. In the first pilot,
technical and infrastructural issues such as server and client-side capability, and the
appropriateness of the programs to be used by the participants were tested in order to
provide information about the logistics of the study’s application and to “observe the
technology in action” Yin (2003, p. 110).

The first pilot case was applied within a voluntary organization called CoderDojo; an
international agency that aims to teach programming to youth. The pilot study lasted
for a period of about six weeks during August and September, 2015. Each Sunday,
between six to eight students voluntarily participated in a 90 minute activity. Among
the participants of this first pilot, six of them regularly participated in weekly activities.
The participant students’ grade level was between Grade 5 and Grade 7, their age
ranged from 10 to 13 years, they were split 50/50 in terms of their gender, and all were

unfamiliar with programming prior to the application of the pilot.

For this first pilot case, a dedicated OpenSim server was established in the CEIT
department of the researcher’s university. Students brought their own laptops to the
activity and the researcher helped them with their activities. The virtual environment
was designed in such a way to allow all of the students to study in the same region.
They were all connected to the same server through their personal computers using the

organization’s infrastructure.

Based on the results of the first pilot case, the researcher took some precautionary
measures in reaction to problems that occurred during the first pilot case. The
researcher decided to use local servers that did not require an Internet connection rather

than a dedicated server. One local server per two or four clients were planned to be
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established for the main study. In order to do so, a special server package called “Sim
on a Stick” that includes all necessary programs to run an OpenSim server on a local

computer, was planned to be used for the following reasons:

e A dedicated OpenSim server was not found to be suited to the activities in plan
as the dedicated OpenSim server was inadequate at times. Code created by the
students were not running as fast as they should, even though only six to eight
students were worked on the same server. Some lag was experienced when
running the students’ code;

e It was not possible to connect to the dedicated server due to the organization’s
infrastructure; most schools facilities were not in a good condition and their
Internet connection was known to be generally slow. More significantly, there
was known Internet censorship imposed at some schools;

e On occasions, problems could occur at a server side that would be difficult to
overcome with an offsite server. Problems occurring on a single dedicated
server would affect all students in the class;

e When all students were in the same region in the virtual world on a dedicated
server, they did not concentrate on specific tasks since they were performing
off-task activities such as pushing their avatars in the same building during the

pilot study.

The use of personal computers to connect to a virtual environment caused some
problems as they had diverse technical capabilities and were generally inappropriate
to run the viewer. The personal computers either had older version software installed
or their hardware performance or capability was inadequate. Moreover, maintaining
the personal computers could be problematic since they were diverse, and could not
necessarily be freely controlled as they were personal items belonging to the students.
Since attendance to the CoderDojo organization was voluntary, some participants
might not attend all of the classes, and for that reason, a voluntary organization was

not selected for the main case study.

In addition, the virtual environment, viewer and S40S were tested. Some adjustments
to the virtual environment were applied as a result. Some objects (i.e. caterpillar) most

captured the students’ attention and were either removed or left aside from the
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environment. Students also liked to travel within the environment by flying. However,
whilst flying they tended to miss the task locations, so flying was limited in the second
region. Signboards on the virtual buildings and billboards were enhanced and their

numbers increased.

Based on the results of the first pilot case, the second was designed accordingly and
conducted in a private school located in Ankara during the 2015-2016 academic year’s
fall semester. Implementation at the school took place in the “Game Programming”
club, with 1.5 lesson hours per week over an eight week period. The school had a well-
established computer laboratory consisting of 24 computers. Before the study, all the
necessary software programs were installed and tested on the computers, which were
set up with one local server per two clients. One female and 19 male students from the

5% grade aged 10-11 years participated in the second pilot case.

Based on lessons learned from the second pilot case; the following enhancements and
precautionary measures were applied for the main study’s application:

e Since the number of servers exceeded one and it took time to prepare the
connection of the servers, all servers were checked to ensure they were ready
to be connected before the lesson began. Backup servers were prepared to
cover for any unforeseen server-based issues;

e Data collection instruments, interview questions and questionnaires were all
tested. Ambiguity and missing points were detected and changes applied
according to the participants’ feedback;

e The whole study and activities were practiced and their appropriateness was
analyzed. At the end of the second pilot study, it was realized that some tasks
from the first and second region were deemed to be too difficult for the
students’ level and that they took too much time to complete. Based on the
ideas of a teacher, such tasks were eliminated from the study. The required
time to complete individual activities and whole topics were identified;

o Finally, the researcher was able to take note of important implementation
issues. During the pilot study and interviews held with students, the researcher
realized that the students were able to use the virtual environment and S40S,

and that they had no major problems while transferring their code to the virtual
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world. Additionally, it was possible for the researcher to test whether or not the

study could be conducted with a high number of participants.

3.4 3D Virtual World

A 3D virtual learning environment was designed and developed based on a platform
called OpenSim. OpenSim is a free, open-source, multi-user 3D application server on
which 3D virtual worlds can be created. It allows developers to customize and develop
their virtual worlds based on their specific needs. Among the other virtual world server
applications, OpenSim was chosen because of its characteristics. Firstly, since the
participants of the study are children, the designed virtual world must be appropriate
for children in that they must feel safe and secure. OpenSim server was customized by
the researcher and with private access restriction, only the study’s participants, as
permitted users, could gain access to the virtual world. The content of the server was
also assured to be appropriate for children, having been specifically designed by the
researcher based on the needs of children. Secondly, it was free and customizable
according to the needs of the study (Rico et al., 2011). For example, all participants
should have the right to build objects and to program those objects. Building objects
and getting virtual space is limited in commercial virtual worlds. However, the
researcher was able to arrange such features and add additional functionality in the
OpenSim server to the desired level. Lastly, due to the nature of the current study, the
servers could be reached from a local network without requiring Internet connection.

This was also possible on the OpenSim server.

Sim on a Stick (SoaS), including all the necessary programs for creating a 3D virtual
world, was used in the current study. SoaS is an all-in-one server package. It contains
an OpenSim server, an Apache web server, and a MySQL database server in order to
create a portable and standalone server. Thanks to this package, installation and
configuration of all necessary components of running a proper 3D virtual world server
could be predefined and easily distributed. Figure 3.3 shows the architecture of SoasS.

A Dbrief explanation of the SoaS components are given following the figure.
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Figure 3.3 — Architecture of Sim on a Stick

Database Server: User Logon IDs, passwords and all other information are stored on
this server. It is responsible for authenticating users, maintaining and providing

information about users when needed. In SoaS, a MySQL database server was used.

Web Server: Users’ information could be reached and managed via a web page, which
could be accessed via a web address. Figure 3.4 shows a web page layout of SDP. For
example, users’ login name and passwords were created via this server. In SoaS, an

Apache web server was used.

OpenSim Server: This server is the main server on which virtual worlds are created.
Users connect to this server with their user name and password via a 3D viewer

installed on their computer.
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Figure 3.4 — Web page layout of SDP

3D Viewer: This is used for connecting, navigating, and building objects in a 3D
virtual world and could therefore be considered as an Internet browser (i.e. Google
Chrome). There are various 3D viewers such as Imprudence, Firefox or Singularity.
In this current study, the Imprudence viewer was used due to its extensive support
available for LSL (Choudhury & Banerjee, 2012), stability, and Turkish language
support. Most of the terms on the interface of Imprudence are in Turkish. Figure 3.5
shows a screenshot of the Imprudence viewer. There are many collapsible panels on
the Imprudence interface such as Communication, Movement, Camera Control,

Inventory, and Avatar Appearance. The most used panels are explained as follows:

Inventory: This is one of the most used panels on the Imprudence viewer. All items
belonging to a specific user are stored inside the inventory, such as items worn, objects,
and script files. When an object is taken from the environment, it is stored in the
inventory. All of the entities belonging to users are organized in folders within the
inventory. For example, when a user wants to add an object such as a desk to the 3D
environment, they must first find it in the inventory among the folders, and then drag
and drop it into the 3D environment.

Building and Editing: The creation of primitives are performed via this panel. Students
use the panel during the creating of 3D robots from scratch and editing their current
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objects’ properties such as size, position, or color. Students can also edit, configure

and add scripts to their 3D objects from this panel.

3D robot in

edit rrfode
)

Avatar editing
3D robot

Figure 3.5 — Screenshot of Imprudence viewer

Movement Control: The movement of an avatar can be performed by using the
functions on this panel, as well as using the keyboard hotkeys. An avatar’s different

modes of movement (i.e. run, fly) are changed from this panel.

Communication: Users can communicate with each other in different forms. Although
OpenSim supports text-based or voice-based chat, students generally used text-based
chat. Moreover, it is possible to communicate in two types in OpenSim; public and
private chat. Any user can see/hear public chat and join in, which provides the user
with a certain level of distance. Private chat can be performed between or among

certain users once they have been added to their friends list.
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Maps: Users can see an aerial view of the whole virtual world by using this panel.
Users can also teleport their avatars to a certain location by double-clicking to a point

on the map.

Avatar Appearance: Users can customize their avatar’s appearance by using this panel.
For example, they can change their avatar’s height, weight, skin color, or hair type and
color from the functionality in this panel.

3.5 Design and Development Phase of SDP (Sanal Diinyada Programlama)

Sanal Diinyada Programlama (SDP), means Programming in Virtual World, refers to
integration of S40S with VW. The design and development phase of 3D learning
environment were undertaken by the researcher with the help of a PhD student at CEIT
and an ICT teacher who works at a private school and has taught programming to
children for four years. Before deciding on the activities for a 3D VW, during the
design phase, topics to be covered to teach basics of programming were specified by
inspecting academic studies and educational textbooks prepared for teaching children
programming. See Appendix A for the topics and sub-topics covered by this study.
The activities were designed based on an instructional theory, which is
comprehensively explained in the following section. In the last part of this section, the
components of SDP, Scratch for OpenSim and 3D virtual learning environment are

presented.

3.5.1 Underlying Theory: Goal Based Scenario (GBS)

3D learning environment was designed based on the principles of the Goal-Based
Scenario approach. Gustafsson and Branch (2002) identified instructional design
models as providing guidelines by putting the instruction into small steps for effective
instruction. Instructors and teachers should follow the steps of the model as it explains
how to practice the instructional design process. The nature of learner characteristics,
learning environment, and the ability and background of the instructional designer and
educator helps to identify which instructional design model is the most appropriate to
use (Sendag & Baser, 2013). The reasons for selecting GBS for the current study are

explained as follows:
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e Programming education could be seen as boring for some students. However,
GBS includes activities capable of increasing learners’ motivation by
presenting topics in a realistic context and providing learners a role within a
scenario to accomplish tasks (Schank, Berman, & Macpherson, 1999).
Moreover, it is essential in GBS to draw the learners’ attention to the lesson
(Schank & Kass, 1996);

e Learning programming is a complex matter, especially for the novices, hence
learning objectives need to be defined very clearly. Kilic and Yildirim (2012)
argued that GBS is appropriate for the teaching of complex learning skills and
Schank and Kass (1996) contend that activities in GBS include scenarios that
each present a concrete mission to teach a set of defined learning objectives;

e GBS is emphasized as “a model that students learn how-to rather than know-
that” (Schank et al., 1999, p. 165). Thanks to GBS, students learn how to use
the basic concepts of programming rather than learning useless or superfluous
factual information. The current study aims to teach students programming
through relevant tasks. The main purpose of GBS is, therefore, to enable
students to make use of their knowledge and skills in a real-life context
(Giilbahar, Avci, & Ergiin, 2012);

e GBS is appropriate for any domain, skills and for any student at any age
(Schank, Fano, Bell, & Jona, 1994). It is also appropriate for both formal and
informal learning situations (Kolodner, 1994);

e Computers play an important role in the successful implementation of GBS
since they are well-suited and often necessary for the appropriate GBS
application (Schank et al., 1994). Therefore, using a computer is considered
essential for the effective implementation of GBS in practice (Kili¢ & Yildirim,
2012). In the current study, the use of computers in the 3D environment also
increases the appropriateness of GBS;

e Students can study either individual or in small groups within a computer-
simulated environment (Schank et al., 1999). In the current study, the students
were encouraged to work in groups in VW.

Consequently, as can be understood from the aforementioned reasons, GBS

corresponds well to the instructional design model adopted in the current study. The
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activities were therefore designed and prepared in accordance with GBS as one of the

most promising instructional design models for instruction based on educational

software (Kilig, 2009). The seven components of GBS were adopted for the current

study by examining rare examples showing how to implement GBS to an educational
course (Giilbahar et al., 2012; Hsu & Moore, 2010; Kilig, 2009), which are elaborated

on in the next section.

Seven Components of GBS

GBS consists of seven components (Schank et al., 1999), which are learning goals,

mission, role, cover story, scenario operation, resources, and feedback. A brief

explanation and adaptation to the current study are as follows:

Learning Goals: Target skills need to be defined as learning goals. The
researcher worked with experts on defining the learning goals for the current
study. The learning goals were determined after examining studies related to
programming education for children. The main and sub-topics are shown in
Appendix A,

Mission: This is defined as realistic, motivational and meaningful for children
to follow. In the current study, the students were told that there is a town in the
virtual world called “Sorunlu Kasaba,” (Problematical Town) which is known
to have some problematic issues. The problems need to be solved one-by-one
in order for the town’s residents to become happy. The students’ mission was
to solve each of the problems within their pairs;

Cover Story: This is the background story that is the driving force for students
to achieve the mission, and therefore needs to be motivational and interesting.
In this current study, a rationale for solving the town’s problems was provided
to the students. Students then worked with their peers in the town within the
scope of this story. The cover story for “Sorunlu Kasaba” can be seen in
Appendix B;

Role: This is something realistic and exciting for the student within the cover
story. In the current study, the role of the students was to work in the town
along with their teammate as if they were builders. Each team of two students

was responsible for completing a number of tasks in a separate town;
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Scenario Operations: These include all of the activities that students must
perform in order to accomplish their mission. Both the researcher and the
experts prepared tasks on the first island for the purposes of orientation, and
then 12 tasks per student were prepared for the second island that helped
students acquire the learning goals of the study. Table 3.1 provides information
about each task that the students needed to solve in order to complete their
mission and thereby attain their learning objectives;

Resources: It is essential to provide resources to students while trying to
achieve the goal of the mission. Educational materials related to programming
were given to students via boards and video clips, as well as hardcopy task
cards. In addition, the researcher and the teacher were on hand to provide
resources for students in need,

Feedback: This component “allows learners to properly index information as
it is given” (Schank et al., 1999, p. 178). Feedback could be given in three
formats in GBS: consequences of action, coaches, and domain experts.
Consequences of action is seen whenever the student makes a mistake. The
second type of feedback is via coaches who follow a student’s progress and
provide feedback to them as and when needed. The last type is using the
domain expert, from which students can obtain feedback in terms of how an
expert solves a problem. In this current study, feedback was generally given
through coaches and domain experts. The researcher, teacher and sometimes
peers were all sources of real-time feedback. Interaction with an instructor or
a peer enables students to learn skills that have been defined for a scenario
(Schank et al., 1999). A video clip was also prepared for each task in order to
help students obtain immediate feedback that showed the steps an expert
followed in order to complete the task. Students can watch them whenever they
are stuck on a certain task, at any time and without any feeling of
embarrassment (Schank, 2002).
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Table 3.1 — Tasks on the town and scenario operations

Task Name Definition of Task Similarity Topics
Read the story Read the cover story and put on your helmet. Same -
. . The bridge over the Yesilirmak River has been partially destroyed . .
5\‘: Ir?vae:)“dge " due to natural disaster. You need to rebuild the bridge for the people ~ Same ° Arlcg):]orgtmhmi?]nd basics of
living in the town. prog g
Build the wall You need to build the walls of a shelter inside the garden for a newly Similar Algorithm and basics of
arriving pet. programming
Build a revolvin You need to build a revolving door at the market. When the avatar
door 9 collides the door, the door should revolve. The door should stop  Same e Event handler
revolving when the collision of avatar ends.
. . You need to rebuild the fire damaged staircase. The staircase should . e Event handler
Build a staircase Similar
have ... steps and each step should be ... meters. e Loop
You need to build an automatic door for the building. When the e Eorever loo
Build an automatic  avatar reaches within two meters proximity of the door, the door Similar e Conditionalpstatements
door should open automatically. The door should close when the avatar’s Boolean logi
proximity to the door exceeds two meters. * Dboolean fogic
Move the turtleto A turtle managed to escape from jail and is sheltering in a rotating e Forever loop
its home across the  box. Take the turtle by touching the box. Code the turtle so that the ~ Same e Conditional statements

river

turtle accompanies you to its home across the river.

Boolean logic
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Table 3.1 — Tasks on the town and scenario operations (cont’d)

Task Name Definition of Task Similarity Topics
Build a counter for  The owner of the shop wants to know how many customers visited Variable
café / ice-cream the shop and asks for your help. You need to record the number of  Similar Change and view the
shop visitors and then show the number. value of variables
A family want a smart mailbox for their home with the following
characteristics. Each time the avatar touches the mailbox, the Variable
number of letters in the mailbox should increase. The mailbox can Conditional statements
Smart mail counter only hold a maximum of 20 letters. When there are fewer than 20  Similar Coordination and
letters in the mailbox, return the message, “The mailbox has space.” synchronization between
When there are equal or more than 20 letters, return the message, objects
“The mailbox is full, please empty it.”
You need to help an elderly couples on this task. Since the couples Coordination and
Move the heavy had diffi ) : __ o
box ad difficulty in moving the heavy box, you_should program the box  Similar synchronization between
to move both sides when the related button is touched. objects
You need to build a letter game for the grandchild of the house Random numbers
Build a letter game owner. A cube has a letter, from A to F, on each face. The cube  Similar L
should randomly rotate when touched. 00p
You are asked to help revolve a funfair carrousel. Firstly, the
Revolve a funfair  carrousel should stop and it should start revolving e around when o Variable
touched by an avatar, and it should stop when touched again. This ~ Similar

carrousel

should continue in this order.

Conditional statements




3.5.2 Components of SDP

SDP was comprised of two components; 3D learning environment including a number
of programming activities, and the Scratch for OpenSim (S40S) program that is used
for building code to complete activities in the 3D environment. The following sections

provide further detail, firstly for S40S and then the 3D learning environment.

Scratch for OpenSim (S40S)

This program is used for creating code in the “Linden Scripting Language” (LSL),
which is the original programming language of OpenSim. It is a modification of the
original Scratch software that was modified by Rosenbaum (2008), a member of the
MIT Lifelong Kindergarten team.

In S40S, users can build code by dragging and dropping known code blocks of the
original Scratch program onto the 3D object being constructed. Unlike Scratch, S40S
does not produce any output of built code itself, but it is only used for creates LSL
code based on the code blocks by the user. After building the code on this program,
users then need to click the “Sanal Diinya Kodunu iiret” (Generate Virtual World
Code) button in order to translate the pseudocode of Scratch into LSL. After the
translation process, learners attach the LSL code to an object or robots offered to them
within the 3D environment in order to see the output of their code. Transferring code
from S40S to the virtual world is very easy and can be achieved simply through
double-clicks by the user. Pellas (2014) argued that it could therefore be used easily
by learners from primary school through to university level in order to create a wide
range of 3D virtual artefacts in OpenSim. In a study by Pellas (2015), S40S was used
by novice learners to add behaviors and interactivity to 3D objects, and thereby create

3D artifacts within an OpenSim environment.

The user language of the software’s interface was English, but the researcher translated
much of the interface into Turkish after obtaining the necessary permissions from the
software’s author. The S40S interface is very similar to Scratch, except for stage and
sprites. A screenshot of the S40S programming environment is shown in Figure 3.6.
As seen in Figure 3.6, the interface consists of four parts. There are eight code

categories (top-left), with the relevant code blocks for each chosen category listed on
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the left. The area in the right-middle is used for dragging and dropping code blocks.
Lastly, there is a button used for translating the code into LSL, labeled “Sanal Diinya
Kodunu iiret” (Generate Virtual World Code), and another button for translating the
code from LSL to Scratch, labeled “kodu yapistir” (paste code), which are both
positioned at the top-right of the screen.

Seigmhb [Yeni ) @ [ aydet ) [ Farkii Kaydet ) [ Geri A1 ] E] ]

eoLontrol

. Céiégorlg§ pf kodu yapistir | Sanal Dunya Kodunu Ilnt

— COd E"S" — /" Buttons for transforming.
Scracth to LSL

temizie e T
| Dokundugum zaman
kalemi bastir _lfalerni bastir
@ defa tekrarla
) metre git
€D & derece don

kalemi kaldir

kalem rengini €0} artir

kalemi kaldir
kalem rengini () yap

/.
Created codes |

Figure 3.6 — S40S programming environment

3D Learning Environment

The virtual learning environment was developed and built by the researcher in
collaboration with experts, in line with the underlying theory, between June and
August of 2015. It was composed of two regions, named islands in OpenSim. The first
island is for the orientation of students to the virtual world. The aim of this island is to
introduce students to the generic skills of the VW including navigation within the
environment, the creation of basic 3D robots and shapes, and the attachment of code
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required in order to keep them progressing on their chosen routes. Figure 3.7 shows
an overview of this first island. The students completed the activities themselves on

this island. This island consists of five areas:

e Welcome Center is the main area for welcoming users. All of the students
started off here when they first logged in and they also reach to other areas via
this center.

e Avatar Center consists of many options for avatars and outfits. It is here that
students chose their avatars and select the appropriate clothing for their avatar.

e Social Area and Cafe includes posters and videos of famous speeches related
to the importance of programming. Students can tour around this area at will.

e Robot Training Center consists of buildings and various routes. Students coded
their 3D robots in order to keep them moving on the chosen routes for each
building.

e 3D Geometric Shape Creation Center is used for creating 3D shapes via

programming, such as creating a triangle, or a square.

Welcome |
| Center |

Figure 3.7 — Overview of the first island

The second or main island is called “Sorunlu Kasaba,” and was designed based on the
theory of GBS. Students worked together on this island in pairs. There were a total of
24 tasks for each team and therefore each team member had 12 tasks to complete on
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the island. Each task was numbered from 1 to 12 and colored as either red or blue. A
color was assigned to each student at the start of the study and they were tasked with
completing all of the tasks with their corresponding assigned color. Each task was
designed for the achievement of a specific learning goal. Students were required to
complete each task one by one along with their teammate. While engaging in their
tasks, teammates could discuss their assigned tasks and thereby get help and support
from each other. Group study was promoted and encouraged throughout the study.
Information about tasks on this island are detailed in Table 3.1, whilst Figure 3.8
shows an overview of the island. There were some numerical differences in the code

of red and blue colored tasks.

i
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Figure 3.8 — Overview of the second island

3.6  Selection of Cases and Participants

Main cases of a study need to be identified properly (Merriam, 1998; Stake, 2005; Yin,
2003). Two levels of sampling are followed in multiple case studies (Merriam, 1998),
with cases selected in the first level and participants selected for each case in the
second level. Purposive sampling technique was employed for the current study

because it enabled the researcher to specifically select individuals intentionally and to
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better understand the central phenomenon (Creswell, 2012). Purposeful sampling is
used when the researcher “wants to discover, understand and gain insight and therefore
must select a sample from which the most can be learned” (Merriam, 1998, p. 61) and
when the researcher wants to reach information-rich cases (Patton, 1990). At this point,
the researcher selects the most appropriate cases which provide the most available data
(Stake, 2005).

Building a rationale or criteria for purposeful sampling strategy is the next step
(Creswell, 2007; Merriam, 1998; Stake, 2005; Yin, 2003). In the current study, the
primary criteria was to understand the use of virtual worlds in programming education
offered to children in different settings. Previous studies showed that introductory
level programming education for children has been offered (Kafai & Burke, 2014) in
three educational programs; curricular, extra-curricular and after-school programs.
Therefore, the cases selected for the current study were based on these three
educational program types. There are also other criteria related to the settings of cases
that can influence the selection of cases as well as the implementation process (Miles
& Huberman, 1994). Selected cases should also meet the following conditions for the

effective implementation of the study:

e Laboratory infrastructure needs to be in good condition. All computers should
be running properly, and it is better to have a robust local network connection
among the computers (Crellin, Duke-Williams, Chandler, & Collinson, 2009;
Dreher et al., 2009);

e Technical capabilities of the computers need to be sufficient to run 3D viewers
since they have some high capability hardware requirements (Choudhury &
Banerjee, 2012; Cooper, Carroll, Liu, Franklin, & Chelberg, 2009);

e Administrators and teachers should agree on the use of this system for their

courses.

Three cases that met these criteria were then defined. Each case corresponds to three
different educational programs as well as settings. The participants of the cases were
generally 5" grade students, aged 10 to 12 years. Detailed information about the
participants is provided in the next chapter, whilst information about each case is

detailed in the following section.
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3.6.1 Case-1: Curricular Program

The first case was a curricular program in which programming education was adopted
from the current curriculum of an existing course in a school setting. This case took
place in a private school located in Ankara. The management and the ICT teacher of
the school granted permission to conduct this study in one of the sections of their
school. There was only one 5™ grade section in the school and it was selected. The
selected section, named 5-A, consisted of 12 students. A consent form was given to
the students’ parents informing them about the study. All parents agreed to allow their

children to participate in this study.

Programming education was adopted in the ICT course for this case. The ICT course
was compulsory for all 4" and 5" grades in the school. This course did not have a
specific curriculum defined by the Ministry of National Education. The aim of the ICT
course was to enable students to use information and communication tools in an
effective and creative way, but considering the appropriate ethical issues (MoNE-BoOE,
2012). It was stated in the ICT curriculum of MoE-TEB (2012) that teachers were free
to decide on contemporary topics, including coding education. The course lasted for

two lesson hours per week at the 5™ grade level.

Lectures took place in the school computer laboratory with 16 computers. All
necessary programs were installed and tested on the computers in advance. The
implementation phase for this case lasted for a period of eight weeks during the spring
semester of the 2015-2016 academic year. Table 3.2 presents the weekly activities
performed in this case. The first part of the study (activities on the first island) was
conducted in the school’s laboratory, whilst the second part (activities on the second
island) was conducted in the CEIT laboratory at the researcher’s university. The reason
to move the study from the school to the department laboratory was that the school
network infrastructure proved to be inadequate which had resulted in students not
being able to study in pairs. Therefore, the students and their teacher were invited to
complete the second part of the study at the CEIT department’s laboratory. Figure 3.9
illustrates the layout of the computer laboratories at the school and the CEIT

department.
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Figure 3.9 — Computer laboratory layout: school (top) , CEIT department (bottom)

The teacher for this case was relatively new to teaching, having recently graduated
from the Computer Education and Instructional Technology department of a private
university in Turkey. She had two years prior teaching experience and had been
working at the participating school for one year. She appeared to be a hard working
teacher and was trying to learn about the contemporary issues related to ICT. The
teacher was also receptive to innovation and seemed quite willing to try new tools in
her classes. She was teaching basics of programming to the students of this school at
a club; however, she had not managed to integrate programming education into the
ICT curriculum at the school. After the school management approved this study could

be conducted in the school’s ICT course, the teacher agreed to collaborate with the
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researcher in the implementing of the study in her classes. She assisted the researcher
in terms of classroom management, organization of the lesson and study, as well as on

technical issues and providing feedback to her students.

Table 3.2 — Weekly activities of Case-1

Week Lesson Hour Activity
(40 min)

Training on generic skills, customizing avatar, , and
introducing S40S

Robots trained to follow routes

3D object construction

3D object construction

Meeting on the second island, starting to complete tasks
Task completion

- Interviews conducted

— Interviews conducted
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3.6.2 Case-2: Extra-Curricular Program

The second case was an extra-curricular program held in a private school located in
Ankara. Extra-curricular activities are usually voluntary, unlike the normal curricular
activities. They can be in diverse contexts and have some rules in terms of participation
schedule and meeting hours (Fredricks, 2017). In terms of programming education,
extra-curricular activities present a good opportunity for students to be introduced to
programming due to the lack of computing courses in the set curriculum (Wyffels,
Martens, & Lemmens, 2014). This program was applied in a club that had been
established in the private school to teach programming. The name of the club was
“Game Programming” and its purpose was to enable students to realize that they could
create games similar to daily life and thereby to increase students’ awareness regarding
the use of computers in creating programs and games through programming. Attending
the club was optional for students and only students from the 5" and 6™ grades

participated in the club voluntarily.
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Club participants met for one and half lesson hours per week throughout the semester.
The number of students attending the club was 22, with all but two parents allowing
their children to participate in the study. Implementation in this case lasted for 10
weeks during the spring semester of the 2015-2016 academic year. Table 3.3 shows
the weekly activities for Case-2. Courses were conducted in the school laboratory with

24 computers. Figure 3.10 illustrates the layout of the school’s computer laboratory.
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Figure 3.10 — Computer laboratory layout of Case-2

The teacher for this case was an experienced practitioner who had been teaching
programming for about two years. She had obtained both a Bachelor’s and Master’s
degree from the CEIT department of a public university, and had two years public
school and 12 years private school teaching experience. She was working at a private
school at the time of this study. The teacher was open to innovations and tried to
integrate programming languages like Python into her courses. She has been teaching
programming at an intense level way for two years in ICT courses as well as in student

clubs, and was experienced in programming tools such as Scratch, Lightbot, Kodu
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Game, and Small Basic. The teacher worked closely with the researcher in the
computer laboratory and helped the researcher during the implementation of activities
in many ways such as classroom management, resolving technical issues, providing

feedback to students, and general organization of the classroom.

Table 3.3 — Weekly activities of Case-2

Week  Lesson Hour Activity
(60 min)
1 1.5 Training on generic skills and introducing S40S
2 1.5 Customizing avatars
3 1.5 Robots trained to follow routes
4 1.5 Robots trained to follow routes; 3D object construction
5 1.5 3D object construction
6 1.5 Meeting on the second island; defining colors and roles
7 1.5 Task completion
8 1.5 Task completion
9 1.5 Task completion
10 1.5 Task completion
11 - Interviews conducted

=
N

- Interviews conducted

3.6.3 Case-3: After-School Program

The third case was an after-school program held in an informal learning environment
occurring outside of the school and removed from the formal settings of school-based
learning (Shernoff & Silva, 2017). This case was conducted on a course offered at the
Continuing Education Center of a public university, which offers numerous courses
across various subject areas. A computing-related course called “U¢ Boyutlu Ortamda
Temel Programlama Egitimi” (Basics of Programming Education in 3D Virtual
World) was offered at the Center, and students aged 11 to 13 were invited to enroll.
The aim of the course was to teach basics of programming in a 3D virtual world.

Announcement of the course was achieved via the Center.

Ten students enrolled to the course at the start. However, two students then left due to

their heavy study and exam schedule after just the first week. Therefore, eight students
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completed the course and received participation certificates. Students were from
different schools and ages. All parents were informed about the study and their consent
taken in advance. The course lasted for a period of five weeks during May and June of
2016, with one class lasting three lesson hours per week. The weekly activities for this
case are shown in Table 3.4. The classes took place in a laboratory consisting of 24
computers. Figure 3.11 illustrates the layout of the laboratory.
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Figure 3.11 — Computer laboratory layout of Case-3

Table 3.4 — Weekly activities of Case-3

Week  Lesson Hour Activity

(45 min)

1 3 generic skills training and customizing avatar, and
introducing S40S

2 3 Robots trained to follow routes

3 3 3D object construction, meeting on the second island,
defining colors and roles

4 3 Task completion

5 3 Task completion

6 - Interviews conducted
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The researcher along with a university instructor conducted the implementation of this
third case, and worked together throughout the implementation phase in order to
conduct the study in the most efficient way. The instructor had a Bachelor’s, Master’s
and a Doctoral degree in the field of Instructional Technology, and has been giving
graduate courses about the use of virtual world in educational settings. The researcher
holds a Bachelor’s degree and is currently completing a Doctoral degree at CEIT. He
has also been a Research Assistant for a period of eight years and assisted on the
delivery of many courses including “Programming Languages” and “Teaching
Practice.” Moreover, he has one and half year former teaching experience at a public
primary school. The researcher has also taken graduate level courses about the use of

VW for educational purposes.

3.7 Detailed Explanation of Implementation Phase of the Course

Although the case settings differed on points such as different weekly lesson hours and
different number of weeks for the completion of implementation phases, the same
guidelines were followed in all three cases. In this section, the implementation phase
is explained in detail for practitioners and teachers who would like to implement a
similar study with similar settings to the current study. Moreover, lesson plans of each
session is presented in Appendix N.

Before commencing a session in each case, the researcher prepared all the necessary
programs and ensured that they were stable and running properly. This precautionary
action was taken to limit extra time being required for unanticipated computer-related
issues during the lessons. The implementation phase was held in two stages, based on
the activities on the two islands of the 3D environment. Figure 3.12 illustrates the
overall activities on the implementation phase. The two-staged implementation is

explained as follows.

3.7.1 First stage of the implementation

Activities on the first island are aimed at the orientation of students to the virtual world,
in order to introduce them to the generic VW skills including navigation within the
environment, creation of basic 3D robots and shapes, and the attachment of code to

the objects created. Students completed the activities on this island individually.

76



Robot Training

E —_ | Object Construction
i — Island 1 E
;.Jipop " =20
- sspdl
Feedback Sources Resources
Task Completion (8-12) Task Completion(1-4)
Island 2 ‘

= 2
5 )
2 E!
@ v}
o o
5 =]
2 2
(U] v

Task Completion(4-8)

Group Study

Figure 3.12 — Overview of the activities in the implementation phase

In the first sessions of this stage, students were introduced with programming, and its
importance. In addition, Scratch for OpenSim and its purpose of use were introduced
to the students, especially for those unfamiliar with it. A broad explanation of how to
build code, its underlying structure, the categories of code and the places of code
blocks were provided. Then, they were informed about their login names and
passwords in order to be able to sign in to the virtual environment. Besides, students
were told about the generic skills in the 3D environment such as movement of avatars,
camera control, navigation, and the use of functions on the interface of the viewer.
This stage was especially important for those students who did not play 3D games
similar to the one used in the current study. The students were then informed about
how to customize their avatar (e.g., accessories, clothing) since avatars had a default
appearance when first entering the environment. Appropriate time was allocated and
adequate support provided to the students during this process. At the end of this
session, the students were permitted to tour areas on this island such as the café and

social area.
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In the next session, a 3D object, named “robot” was created with students. Students
were told how to edit and change the features of the object such as its location, color,
and size. At end of this session, sample code which makes a 3D object move was built
with the students and they were shown how to transform the pseudocode into LSL,
OpenSim’s own programming language, and how to add transformed code to the script
file of the object. Students were warned that from time to time they may need to rebuild

the code and redo certain steps if their code did not run as anticipated.

In the other session, the students completed activities inside the four buildings. Each
building has different routes on which students trained their robots to follow the routes
via programming. That is, they first created a 3D robot and then coded it to keep it
moving on a certain route inside each building. Before undertaking the activities in
each building, an activity sheet containing an illustration of the routes for the building
was distributed to the students in order for them to be able to follow the activities (see
an activity sheets in Appendix K).

In the last session on this island, the students created 3D geometric shapes such as a
triangle, square, regular pentagon and hexagon. To do this, a copy of the robot was
given to the students in the 3D environment, and they were asked to code the robot to
create 3D shapes. Detailed information about the shapes was presented on the boards
in the 3D environment and a sheet containing information about the shape was

distributed before each shape (see activity sheets in Appendix L).

3.7.2 Second stage of the implementation

Students teleported to the second island after completing the activities on the first
island. This second island was called “Sorunlu Kasaba,” and was designed based on
the theory of GBS. Students worked in pairs together on this island. Thus, members of
pairs were first assigned. Students were generally paired with the person sitting next
to them according to their wishes. Coaches did not assign group members unless a
problem between the members of a pair occurred. Each pair worked in a separate town
in line with the cover story belonging to the island (see Appendix B for the cover
story). The cover story was presented to the students in the first task as a notecard in
the 3D environment. Then, the mission of the students on the island and their role was

explained as they would work in the town along with their teammate as builders. Each
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team was responsible for solving the problems of the town by completing a number of
assigned tasks. For this stage, group study with a peer was preferred due to reasons
that (a) programming has a poor image as a solitary activity performed by socially
“awkward” people (Brennan, 2013; Rosenbaum, 2008); (b) it should be done as a
communal practice in a community (Kafai & Burke, 2014); (c) previous studies have
shown that studying in a group with peers has an effect on the success, motivation,
reflection, enjoyment, retention, confidence, and assistance (Esteves et al., 2011,
Guzdial et al., 1996; Hanks, 2008; Hanks et al., 2011; Liebenberg et al., 2012).

There were a total of 24 tasks for each team, and therefore each team member had 12
tasks to complete. Each task was numbered from 1 to 12 and colored as either red or
blue. A color was assigned to each student at the start of the study and they were tasked
with completing all of the tasks with their corresponding assigned color. Most of the
red and blue tasks with the same number has some differences, while four of them
were completely the same. The differences between the tasks were their stories and
codes. However, there were only numerical differences on their code, such as building

a seven-laddered staircase as the blue task, or a ten-laddered staircase as the red task.

Students started to complete tasks; the first of which was actually explaining the cover
story and putting on the red or blue helmet according to their assigned color. The other
tasks had different meaningful story for students in line with the cover story. A
hardcopy of the task cards containing detailed information about each task such as the
instructions, warnings, and a checklist of how it was completed were prepared (see
two example task cards in Appendix M). Then, all task cards was distributed to the
students as hard copy in a colored binder. Students read those cards before the tasks
and referred to them whenever necessary. They checked the appropriate boxes on their

cards after completing each task.

Tasks were designed from simple through to advanced level. Each programming
concept was aimed at being taught to the students via tasks in a cumulative way. That
IS, @ new programming concept was taught in a subsequent task by using concepts
learned in previous tasks. Therefore, the final task requires students to use most of the
code blocks they had learned, and can therefore said to be the most complicated task.
Students were required to complete the tasks one by one along with their teammate.
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While engaging in their tasks, teammates could discuss their assigned tasks and
thereby get help and support each other. Before starting a specific task, students were
advised to read the information on their task card, and then the teachers explained the
tasks to the students in terms of clarifying any missing points. The students then
studied together with their teammate for a while. Necessary materials for completing
the tasks were given to the students in 3D environment. During this time, the teacher
and researcher as coaches followed the students’ progress and supported them by
providing feedback about their activities whenever necessary. They also managed the
classroom environment. After some time, the researcher explained how to complete
the tasks by demonstration in cases where any student was unable to complete them.
All students passed on to the next task together, which enabled the teachers to follow
the ones completed the tasks the fastest or the ones skipping tasks. The teachers
explained each programming concept and corresponding code block on S40S for the
first use, and in their next use, they gave some ideas and clues to the students. Students

were first asked to study each task along with their peers.

Coaches, video clips, boards in the 3D environment and tasks cards were all resources
available to the students. In the resources area of the 3D environment, code blocks on
S40S were explained on the boards. In the expert videos, how an expert could
complete each task was explained. They contained information about how a task
should be completed, the steps to follow, and the code to build. An expert video was
prepared for each of the tasks and offered to the students as a source of instant and
easy feedback.

3.8 Data Collection Methods

The purpose of the study, problem and sample selected determines the type of data and
data collection methods (Merriam, 1998). In qualitative studies, data are collected
from participants via different forms (Creswell, 2012; Merriam, 1998; Stake, 2006;
Yin, 2003). Creswell (2012) defined different kinds of data forms as observations,
interviews, documents, audiovisual materials and so on. Yin (2003) also proposed six
different types of data forms; documents, archival records, interviews, direct
observations, participant-observations, and physical artifacts. Similarly, Merriam

(1998) listed common forms of data as interviews, observation and documents.
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Intensively investigating a phenomenon requires breadth and depth of data collection,
as well as multiple forms of data in qualitative case studies (Yin, 2003).

Three data collection forms were used in the current study. The two main data
collection tools were semi-structured interviews and observation forms, with
supportive data from a questionnaire ensuring the phenomenon was sufficiently
understood in depth (Merriam, 1998). Additionally, screenshots of virtual artifacts
created within the VW environment were also used as a form of data collection.
Detailed information about each data collection form are given in the following

sections.

3.8.1 Interviews

In a case study, interview is one of the most important data sources since most case
studies are about human affairs and behavioral events (Yin, 2003). Conducting
interviews enables the researcher to elicit participant’s thoughts and insights about the
phenomenon being studied (Patton, 1990). Through participant interviews, a
researcher can reveal the experiences, attitudes, ideas, intention, and perceptions of
participants (Yildirnrm & Simsek, 2013). It is possible to reach important insights of
participants via interviews (Yin, 2009) since many such issues cannot simply be
observed (Merriam, 1998). The semi-structured interview is the most common
interview type and includes specific open-ended questions followed by probing
questions (Merriam, 2009). In the current study, semi-structured interviews were
conducted with the participant students as well as the teachers. Two separate semi-
structured interview protocols were developed after examining the related literature.
One was applied to the students (see Appendix G) and the other was applied to the
teachers (see Appendix H).

In order to finalize the interview protocols, a three-step method was employed. Firstly,
the interview protocols were applied as part of the second pilot study. After the pilot
study, some questions were consequently revised in terms of their comprehensivity
and some questions were also added to the protocols. For example, questions related
to demographic information of participants were added to the two interview protocols.
In a second step, the interview protocols were examined by five experts in terms of

language, clarity, potential for misunderstandings or ambiguities. The experts
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consisted of one faculty member and three PhD students at CEIT, in addition to one
teacher of Turkish language. Based on the experts’ feedback, some questions were
enhanced and refined with respect to their clarity and grammar. In the final step, the
“think aloud” method was conducted with a student who was not a participant of the
main study, but had a similar background to the participants. The final version
interview protocols were then formed following completion of the review processes

mentioned.

The students’ interview protocol (see Appendix G) was comprised of 12 main
questions and several sub-questions. While the first two questions related to the
students demographic information and their programming experience, the other 10
questions were concerned with one of the sub-research questions of the current study.
On the other hand, the teachers’ interview protocol (see Appendix H) consisted of
seven main questions and several sub-questions. The first question related to the
teachers demographic information and their experience in teaching programming. The
other questions and their sub-questions were aimed at gathering the teachers’ ideas in

line with the sub-research questions of the study.

3.8.2 Observations

Observation enables researchers to directly understand the behavior of participants in
their actual settings (Creswell, 2007; Yildinm & Simsek, 2013). As a method,
observation was used as complementary to the interviews in order that any differences
between what interviewees said in their interviews and how they actually behaved in
the real setting could be identified (Yildirnm & Simsek, 2013). Yin (2009) suggested
that interviews need to be corroborated with information from other sources such as
through observation. Observation can be a helpful and invaluable source of data,
especially when a new technology is being studied within a case study since it reveals
potential problems and enables the researcher to understand the actual use of the new
technology being studied.

The role of the researcher could change in the observation process depending on their
level of comfort and rapport with the participants. Additionally, it depends on how

best to reach and collect data (Creswell, 2012). The researcher can be either a direct
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observer outside of the study or act as a participant-observer from within the study
(Yin, 2009), or play a role somewhere between these continuum (Merriam, 1998).

As to the other main data collection form, observation, the researcher observed the
students in their real and natural context and took notes about their behaviors and
events. The researcher took the role of participant observer in the study. In participant
observation, the researcher is not passive, but is also a member of the group inside the
setting (Creswell, 2007; Fraenkel et al., 2012; Yin, 2009). In order not to miss
anything, observations need to be either noted or video/audio recorded (Merriam,
2009). The management of the schools in the cases did not permit the recording of the
classroom environment, so instead an observation form (see Appendix I) was utilized

and field notes were regularly taken.

3.8.3 Questionnaires

Questionnaire is another way to learn information from a study’s participants
(Creswell, 2012). Merriam (1998) placed questionnaires into documents as a data
collection form and defined these kinds of forms as “researcher generated documents.”
She defined questionnaires as “documents prepared by the researcher ... [in order] to
learn more about the situation, person, or event being investigated” (Merriam, 1998,
p. 119). Quantitative data collected by way of questionnaires can be used to support
qualitative data collected through interviews (Merriam, 2009). Contrary to common
belief, quantitative data can also be collected and integrated within case studies
(Merriam, 2009; Woodside, 2010; Yin, 1981) in order to increase the credibility of the
findings by employing multiple data sources. Therefore, questionnaires were used as

a data collection form in the current study.

Two questionnaires were employed in the study; the first being a demographic
questionnaire, which was developed by the researcher based on the purpose of study.
The second questionnaire consisted of three scales adopted from previous studies
(Davis, 1989; Chou & Liu, 2005). The adopted scales were written in English, and
were therefore translated into Turkish by the researcher and an expert with prior
translation experience. After the translation, draft versions of the questionnaires were
sent to a Turkish teacher to check for clarity, grammatical errors, and for the
appropriateness of the language used considering the age group of the current study’s
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participants. Final versions of the questionnaires (see Appendix J) were achieved after
revising the draft based on the feedback received. Details of the questionnaires and

scales are provided in the following sections.

Demographic Questionnaire: This included 12 questions related to the participants’
demographic information such as their age, gender, grade level, and the frequency of
their Internet usage, playing games and programming experience. Some of the

questions were adopted from the study of Bakar-Corez (2011).

Perceived Ease of Use (PEU) Scale: This scale was adopted from Davis (1989). It
consisted of four Likert-type items ranging from (1) completely disagree to
(5) completely agree. The scale was used for obtaining participants’ perceived ease of
use related to programs used in the current study. Scores obtained were presented

descriptively, with no statistical analysis applied.

Perceived Usefulness (PU) Scale: This scale was adopted from Davis (1989). It
consisted of six Likert-type items ranging from (1) completely disagree to
(5) completely agree. The perceived usefulness of using a virtual world in
programming education was measured via the application of this scale. Scores

obtained were presented descriptively, with no statistical analysis applied.

Satisfaction Scale: This scale was adopted from Chou and Liu (2005). It consisted of
four Likert-type items ranging from (1) completely disagree to (5) completely
disagree. This scale is used for measuring the satisfaction level of students about
programming education in a virtual world. Scores were presented descriptively, with

no statistical analysis applied.

3.8.4 Other Data Collection Form

Artefacts created by the students were used as a complementary data source to the
three main data collection forms. Screenshots of some of the students’ artifacts were
taken at the end of activities. For example, colored stairs of student artefacts were

collected and stored on a portable data drive.
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3.9 Data Collection Procedure

The necessary permissions were granted before starting to collect data from the
participants. Firstly, the research proposal and data collection instruments were
submitted to the Institutional Review Board (IRB) of the university. The METU Ethics
Committee examined the documents and sanctioned the study (see Appendix C). Then,
the researcher applied to the Ministry of National Education (MoNE) and gained their
permission to conduct the study in the schools (see Appendix D). Thirdly, the teachers
and school management were informed about the details of the study, the data
collection forms to be applied and the 3D virtual world. After they also gave their
approval to conduct the study in their schools, the students and parents were then
informed about the study as a final step. Separate consent forms were signed by both
students (see Appendix F) and parents (see Appendix E). Permission was taken from
all the students and their parents, with the exception of the parents of two students in
Case-2. Students whose parents did not permit their children to participate in the study
were excluded from the study, although they still participated in the sessions. Similar
data collection procedures were applied in each case, and the procedures are elaborated

on in the following parts of this section.

Data were collected throughout the study, namely during and after the implementation.
In addition, during the sessions, the students were observed. Interviews and
questionnaires were employed at the end of the implementation. Data collection
procedures for the three cases are summarized in Table 3.5. As can be seen from
Table 3.5, although the total number of weeks for the completion of implementation
phases differ for each cases due to the different weekly lesson hours, the total lesson
hours for completing the implementation were mostly the same. Before commencing
a session, the researcher prepared all the necessary programs and ensured that they
were stable and running properly. This precautionary action was taken to ensure no
extra time was required for unanticipated computer-related issues during the lessons.
In addition, a hardcopy of the task cards explaining each of the activities for the current
session were distributed to the students. The students were observed during the
sessions. In this study, the researcher and the teachers for each case completed the
observation forms with as much detail as possible for each student. This approach was

applied since multiple observers increase the reliability of evidence obtained via
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observations (Yin, 2003). Additionally, the researcher collected and saved screenshots

of some students’ artifacts at the end of the activities.

Table 3.5 — Data collection procedures

Cases Participants Implementation Forms of Data Collection

Spring semester, ® Student questionnaires at the end

2015-20186, of implementation
Cgr?isg&llar 6 female, 4 weeks X 2 ¢ Interviews with students and
Program 6 males lesson hours plus Feacher at thg end of
2 weeks X 3 implementation
lesson hours e Observation during sessions
e Student questionnaires at the end
Case-2 Spring semester, of implementation
Extra- 2 female, 2015-2016, ¢ Interviews with students and
curricular 18 males 10 weeks X 1.5 teacher at the end of
Program lesson hours implementation
e Observation during sessions
e Student questionnaires at the end
of implementation
C’i\afi,eef 2 female May-June, 2016, e Interviews with students at the
’ 5 weeks X 3 end of implementation
school 6 males lesson hours e Researcher field notes for all
Program i
sessions

e Observation during sessions

Interviews were the primary data source of the current study. They were conducted as
soon as the implementation was completed in all three cases; with all being completed
within a period of two weeks. All of the interviews were conducted by the researcher
to ensure consistency of the data collection procedure. Both the students and their
parents were informed about the interview and their permission obtained in order to
conduct and record the interviews. Then, the semi-structured interviews were
conducted face-to-face and audio-recorded based on the developed interview protocol.

The number of interviewees conducted in the cases were seven for Case-1, then 12 for
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Case-2, and finally six for Case-3. The length of the interviews varied between 15 and
20 minutes. Interviews with the teachers of both Case-1 and Case-2 were conducted
after the implementation phase completed and were audio-recorded after obtaining
their permission. The length of the teacher interviews was approximately 30 minutes
each. There was no responsible teacher to interview for Case-3; instead, the
researcher’s opinions were included for Case-3 based on the field notes taken by the
researcher. Demographic and perception questionnaires were applied together to the

students at the end of the implementation phase of each case.

3.10 Data Analysis

Qualitative data analysis is the process of transforming data into meaningful
explanations (Creswell, 2012; Merriam, 1998). Since each qualitative study is unique
and the analyst is the fundamental actor, the “procedures and processes” followed in
qualitative analysis need as much elaboration as possible (Patton, 2002, p. 434). The
analyst decides on the data analysis procedures and methods based on the data
collected (Yildirnrm & Simsek, 2013; Yin, 2003). Although scholars have provided
many different descriptions and used many different terms for the processes of data
analysis in their published studies, the general process consists of three steps
(Creswell, 2007). The first step includes the preparation and organization of data to be
analyzed. In the second step, the data is reduced and condensed into themes and sub-
themes by means of a special process called “coding.” In the final step, the themes and
sub-themes that emerged are presented through figures, tables and narrative text.
Creswell (2012) extended these processes into six steps, which were followed during

the analysis phase of this current study.

Firstly, data collected through the forms were prepared for analysis. All the interviews
records and completed observation forms were transcribed verbatim. Transcriptions
were read one more time by listening to the audio records and examining the
observation forms in order to ensure that they were a correct match. The analyst needs
to have an understanding of what data has been collected (Patton, 2002). Then, all the
information must be organized in a way so that it is easily accessible and “retrievable”
(Merriam, 1998, p. 194). In the current study, a Computer Assisted Qualitative Data
Analysis Software (CAQDAS) was utilized to analyze the qualitative data. Yin (2009)
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calls such organized materials as case study database, whereas Patton (2002) refers to
the comprehensive resource package which brings together and organizes enormous
data as the case record. Detailed information about CAQDAS are addressed in the

following part.

As the next step, the coding processes was applied. Miles, Huberman, and Saldana,
(2014) described code as labels assigned to a segment of information. Those labels are
then used to categorize similar segments of information. At this point, the researcher
needs to use an effective coding strategy that is appropriate to the data (Yildirm &
Simsek, 2013) and to develop meaningful and manageable coding schema (Patton,
2002). Although there are different strategies or techniques in the coding process, the
mutual point is the importance of themes and the need to describe them in an organized
way (Yildirnm & Simsek, 2013). In order to achieve these, data were read several times
by the researcher and then in doing so, the code emerged and evolved throughout the
analysis. After the data were reduced into a code list, the themes and sub-themes were
created based on the similarity of code aggregating in parallel with the research
question of the study. Analysis of each single case (within-case analysis) were
finalized by the steps previously mentioned. For detecting the reliability of the study,
intercoder agreement strategy was applied, which is described in more detail in the

Intercoder Agreement section of this chapter.

Cross-case analysis is another type of analysis that starts right after the completion of
within-case analysis (Merriam, 1998). While within-case analysis enables the
researcher to understand and explain each case separately (Miles et al., 2014), cross-
cross analysis enables the researcher to spot similarities and differences across the
cases (Stake, 2005). After the analysis of each single case was completed, cross-case
analysis was applied in order to compare and contrast the emerging themes and sub-
themes across the cases. Yin (2009a) suggested using a table in order to present data
from each case in a separate column in order to best exhibit the researcher’s
understanding of what differences and similarities were seen among the cases.
Therefore, in the next chapter the findings revealed at the end of each within-case
analysis are reported for each sub-research question, and then the cross-case analysis

findings present the overall findings in tabular format, consecutively. Lastly, issues
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related to the credibility of the findings are addressed in the final section of this chapter
to follow the last step of Creswell (2012).

In the qualitative data analysis phase, a Computer Assisted Qualitative Data Analysis
Software (Nvivo 11 Pro) was used in order to facilitate the analysis process. Using the
software was helpful in terms of storing data, coding, retrieving code segments (Patton,
2002) and organizing massive amounts of data considering the difficulty in
management of the analysis process (Merriam, 2009). Qualitative software provides
an organized file system that enables researchers to examine data closely and easily
and to visualize the relationships between code and themes (Merriam, 2009). In
addition to the qualitative software, SPSS version 24 was used to deal with the

descriptive statistics of scores obtained via the completed questionnaires.

3.11 Researcher’s Role and Bias

The role of the researcher is crucial in research as the researcher is the central
instrument in qualitative studies (Patton, 2002; Yildirim & Simsek, 2013). Information
about the researcher including personal and professional data as well as biases should
be provided in the study (Creswell, 2012; Merriam, 2009). Therefore, the role of the

researcher in the current study has been addressed in this section.

Firstly, the researcher was the facilitator as well as the participant-observer. He was
responsible for conducting the study himself within the classroom. In Case-1 and
Cade 2, there was also a teacher who helped the researcher in managing the classroom
and helping the students. In Case-3 there were no school teacher present, however a
university instructor was also in the classroom in all sessions and helped the researcher

in Case-3 in a similar way to the teachers in the other two cases.

Secondly, the researcher was a former ICT teacher in a public primary school for one
and a half years; hence he was quite familiar with the classroom environment and
therefore comfortable dealing with the students. Moreover, he has worked as a
teaching and research assistant at the Computer Education and Instructional
Technology (CEIT) department of the university and has a Bachelor’s degree from a
CEIT department at a public university in Turkey. After working for a few years as a

teacher, the researcher started work at a public university as a research assistant and
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enrolled to an integrated PhD program at the CEIT department of a public university
in Turkey.

Thirdly, the researcher had taken several graduate courses related to quantitative and
qualitative studies in education, instructional technology, and instructional material
development. Moreover, he took a graduate course about the use of VWs in education.
The researcher also has experience in studies related to use of VWs for educational
purposes. In addition, the researcher had designed and developed the VW used in this

current study and maintained the system.

Finally, the researcher’s main aim was to shed light on the use of VWSs in programming
education for children. Although he kept in mind this aim throughout the study, his
background and experience in this field could be seen as a source of prejudice;
something the researcher was well aware of throughout the study. Multiple sources of
data and different perspectives and procedures such as audit trail and debriefing were
used in order to prevent instances of researcher-related bias. The researcher tried to
reveal the potential use of VWSs and wanted to find how they could be best utilized for

educational purposes in different settings.

3.12 Trustworthiness

Multiple perspectives exist on the literature of scholars about validity and ensuring
validity in qualitative studies; however, the general consensus is that “qualitative
inquirers need to demonstrate that their studies are credible” (Creswell & Miller, 2000,
p. 124). Different terms have been used for referring to the validity of qualitative
studies as equivalents of the quantitative approaches (Creswell, 2012). In the current
study, Lincoln and Guba's (1985) view of trustworthiness was preferred while
referring to that issue. All researchers are expected to assess the accuracy of their
findings with the application of appropriate strategies and the reporting of them
(Yildinm & Simsek, 2013), since each researcher needs to persuade the wider
academic community that their findings are indeed trustworthy (Merriam, 2009).
Various strategies could be used for assessing the accuracy of findings (Creswell,
2007; Merriam, 1998; Yildirnm & Simsek, 2013). Detailed information about the
strategies employed in the current study are given in the following sections.
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3.12.1 Triangulation

Triangulation is confirming and corroborating evidence by using different individuals
(e.g. a principal and a student), multiple sources of data, and multiple investigators.
(Creswell, 2012; Merriam, 1998). Triangulation increases the credibility of the study
and findings (Yildinm & Simsek, 2013). In the current study, this strategy was
employed via different methods. First of all, different data collection forms were used
such as interviews, observation and other forms; and the different data sources
complemented each other. Secondly, interviews were conducted with both the students
and the teachers. Different individuals yielded multiple perspectives about the
phenomenon under investigation. Finally, investigator triangulation was employed by
using different investigators in the observation process and through applying
intercoder agreement strategy, which will be detailed in the following part. Merriam
(2009b) argued that investigator triangulation could be employed when multiple
investigators collect and analyze data.

3.12.2 Prolonged Engagement

Prolonged engagement is met when the researcher(s) stayed with the research for a
long period of time (Creswell & Miller, 2000) and when the researcher has had
considerable interaction with the data sources (Yildirim & Simsek, 2013). It is useful
for building trust and rapport with participants, and for locating gatekeepers that can
permit access to participants and settings. By such means as these, participants may
feel comforted by the researcher familiarity and subject knowledge and thereby
disclose more information. The researcher participated in all sessions of each case as
a facilitator throughout the implementation. The researcher actively sought out

interaction with both the students and the teachers in each case for this purpose.

3.12.3 Peer Debriefing

Also known as peer review, the act of peer debriefing occurs when someone from
outside of the study, but who is familiar with the research process, reviews the overall
research and data collection process (Creswell & Miller, 2000). The external reviewer
could well be a peer and their role is to check the accuracy of the employed research
design, the data collection methods, data analysis strategies and the reporting of the
findings through the lens of devil’s advocate, and then provides feedback to the
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researcher (Creswell, 2007; Yildirim & Simsek, 2013). This strategy was employed
by the researcher via consulting a peer of the researcher who was also a PhD student
and familiar with the research process followed. The researcher consulted the peer and
sought feedback with regards to the process of study on a number of occasions.
Moreover, Merriam (2009) argued that each graduate student has the opportunity to
benefit from this built-in strategy via their dissertation committee. Therefore, the
researcher was also able to discuss the research process and receive valuable feedback

from his advisor and dissertation committee periodically.

3.12.4 Thick Description

This procedure is met when the researcher describes the setting, the participants of the
study, and the themes of the qualitative study (Creswell, 2007; Creswell & Miller,
2000) with as much detailed information as possible. Thick description enables the
transferability of findings to other studies which have similar context and participant
backgrounds. With such detailed information about the study, the results are more
likely to make sense to readers in terms of applicability of the current study to similar
studies (Yildirnrm & Simsek, 2013). Quotes from the participant interviews or
observation forms are mostly used to fulfil this procedure (Merriam, 2009; Yildirim &
Simsek, 2013). In the current study, thick description was complied with as a
procedure by describing the setting of each case and providing detailed information
about the participants and each of the cases. In addition, direct quotations of the

participants were used while presenting the findings.

3.12.5 Reflexivity

Reflexivity, also known as researcher’s position, is explaining the researcher’s
position, bias, assumption and disposition related to the study being conducted
(Merriam, 2009). It is inevitable in qualitative studies that the researcher’s features can
affect the study being conducted (Yildirim & Simsek, 2013). Therefore, the researcher
needs to clarify their experience, biases and assumptions at the outset of the study
(Creswell, 2007). These clarifications facilitate the understanding of readers in terms
of how the researcher came up with the findings of the study being presented to the
reader. Those issues were mentioned in the current study in the section on the

researcher’s role in this chapter.
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3.12.6 Intercoder Agreement

Reliability refers to the consistency of the results should the study be replicated either
by the same researcher or a third party. Although this process is applicable in
quantitative studies, it is “problematic in the social sciences simply because human
behavior is never static” (Merriam, 2009, p. 221). In qualitative studies, dependability
is taken into consideration instead of reliability and the researcher is expected to
complete the analysis appropriate to the data being collected (Yildirnrm & Simsek,
2013). Therefore, it was suggested that the researcher investigate whether or not the
results are consistent with the data, rather than considering whether or not the same
results would be obtained if the same study was replicated (Merriam, 1998). One of
the strategies employed for detecting the consistency of results compared to the
collected data is to employ intercoder agreement. In this procedure, multiple coders
analyze the same data in order to investigate the stability of the results between the
coders (Creswell, 2007). Multiple coders try to find a level of agreement on the name

of the code, themes, and sub-themes, as well as the segments of code.

In the current study, two intercoders analyzed some parts of the data in addition to the
researcher. Both were PhD students from the Computer Education and Instructional
Technology department and familiar with qualitative studies and analysis techniques.
Firstly, the researcher explained the purpose of the current study, the research question,
the data collection procedure and the overall research design of the study in a detailed
way in order to inform the intercoders about the study. Then, the researcher analyzed
one of the student interviews with each coder separately in order to inform them about
the themes and sub-themes developed by the researcher. After that, each intercoder
independently analyzed a different student interview. Lastly, the researcher’s and the
intercoder’s coded data were compared and contrasted in order to find similarities and
differences between the coded data. The researcher and the intercoders discussed any
differences and tried to form a consensus about them. If successfully negotiated, any

necessary updates were applied to the code and themes.

Differences among the coders could be considered as normal and natural to some
extent. Various scholars have provided formulae as to how to calculate an intercoder

reliability score and provided some minimum values for this score to be deemed
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acceptable. In the current study, the interrater agreement formula (see Figure 3.13)
and the expected value of Miles and Huberman (1994) were used. Calculated values
for intercoder agreement according to this formula were 86% and 88% for the first and
second interrater, respectively. They were both above the minimum acceptable value
of 80% (Miles & Huberman, 1994).

3.12.7 Audit Trail

Audit trail procedure can be conducted when the researcher broadly explains how the
data were collected and the analysis conducted. It is actually explaining “how
decisions were made throughout” the study in a detailed way (Merriam, 2009, p. 223).
She also argued that the methodology part of dissertations should contain detailed
information about how the study was conducted. Therefore, an audit trail could be said

to be established within the current chapter of the study.

Number of agreements

Reliability =
Number of agreements + Number of disagreements

Figure 3.13 — Interrater agreement formula

3.13 Limitations of the Study

As with any research, there are some limitations to the current study. Firstly, Scratch
for OpenSim (S40S) was used to build code to complete the activities in the 3D virtual
world. The activities were designed for children and were limited to the basics of
programming and the capabilities of S40S. Secondly, using two separate programs
might have hindered revealing the main points of VWs, although it was not stated by
the study’s participants. Thirdly, participants of each case were in the same physical
environment during the implementation phase. Therefore, the participants interacted
with each other in both the virtual and the real world. Feldon and Kafai (2008) argued
that findings need to be interpreted cautiously in such situations, which are considered
as unique to the study of virtual worlds. Throughout the current study, interaction in
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both worlds was inevitable, and this could have affected the experience of the

participants in the virtual environment.

Purposive sampling was employed and some criteria were defined since the use of VW
requires high capability computer hardware. The selection of cases and participants
could also be mentioned as a limitation of the study; with only cases meeting set
criteria selected, and the participants were typically self-selected. Therefore, the
obtained data could have been affected by this issue. Due to the small sample size
across the cases and the nature of case study, the findings of the current the current
study cannot be generalized, but it would be possible to transfer the outcomes of the
current study to a similar context to some extent. Another point is that multiple forms
of data from multiple sites were gathered throughout the study; however, it was not
possible to conduct an interview with a teacher for Case-3 since the researcher and
faculty were responsible for that course. Instead of a teacher’s interview, the
researcher’s field notes were utilized to corroborate the findings of Case-3. Lastly, data
were collected through interviews and questionnaires based on the fact that

participants responded to them fully and honestly.
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CHAPTER 4

RESULTS

In this chapter, the findings of each case are presented under each sub-research
question. After presenting the results of single cases, the results of cross-case analysis
are presented. First, the demographic information of participants are considered,
followed by the students’ and teachers’ perceptions about the ease of use and perceived
usefulness of SDP. Thirdly, the results of affordances and challenges of using VWSs in
programming education for children are presented. Then, issues and strategies for
avatar and group study are addressed, followed by factors affecting satisfaction and
then issues and strategies for the design of SDP in different educational programs.
Lastly, the results of cross case analysis are presented under the related sections of the
chapter.

4.1 Demographics of Participants

This study was conducted with three different cases. Detailed descriptive information
about the participants of each case is presented in this section before giving the results
of each sub-research question. Participants’ demographic information were collected
via a questionnaire. In this section, distribution of students’ gender, age, grade level
are presented. Moreover, their distribution of having a home computer and Internet
connection, places where they connected to the Internet, their purpose of using the
Internet, weekly Internet usage hours, computer/video games playing duration are all
given in the following part. Lastly, the number of students playing computer/video

games and students who had programming and 3D VW experience are provided.
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4.1.1 Gender, age, and grade

Case-1, curricular program, was conducted in a private school located in Ankara in the
scope of an ICT lesson. Case-2, extra-curricular program, was conducted in a private
school located in Ankara in the scope of a club named “Game Programming.” Case-3,
after-school program, was conducted at a Continuous Education Center of a university
located in Ankara, in the scope of an after-school program. The number of students
and their gender distribution are presented in Table 4.1. The number of students in
Case-1 were 12, consisting of six females and six males. In Case-2, there were two
female and 18 male students with a total of 20. The number of students in Case-3 is

eight, consisting of two females and six males.

Table 4.1 — Gender

Curricular Extra-Curricular After-School

n % n % n %
Female 6 50.00 2 10.00 2 25.00
Male 6 50.00 18 90.00 6 75.00
Total 12 100.00 20 100.00 8 100.00

Participants’ age distribution is presented in Table 4.2. Students in Case-1 were
between the ages of 10 and 12 years, with a mean age of 10.83 years. Participants of
Case-2 were also aged between 10 and 13 with a mean age of 11.2 years. Participants
of Case-3 were aged between 10 and 12 years, with mean age of 11 years. It is noted

that the mean scores of each case are very close to each other.

Table 4.2 — Age
Curricular Extra-Curricular After-School

n % n % n %
10 3 25.00 1 5.00 2 25.00
11 8 66.7 15 75.00 4 50.00
12 1 8.30 3 15.00 2 25.00
13 - - 1 5.00 -
Mean 10.83 11.20 11.00
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Table 4.3 shows the distribution of participants according to their school grade level.
As can be seen from Table 4.3, all of the participants in Case-1 were 5" graders. In
Case-2 there were 17 (85%) 5™ graders and only three (15%) 6™ graders. Most of the
participants (62.5%) in Case-3 were 5™ graders, and only one (12.5%) 6" grader and
two (25%) 4" graders.

Table 4.3 — Grade level

Curricular Extra-Curricular After-School

n % n % n %
4™ grade - - - - 2 25.00
5t grade 12 100.00 17 85.00 5 62.50
6" grade - - 3 15.00 1 12.50

4.1.2 Having home computer and Internet connection at home

It was investigated whether students had computers and Internet connection at their
home. As presented in Table 4.4, most of the participants (n = 11, 91.7%) have home
computers as well as Internet connection in Case-1. All participants (n = 20, 100%) of
Case-2 have both computers to use and Internet connection at home. In Case-3, except
for one student, all of the others (n =7, 87.5%) have home computers, but they all

(n =8, 100%) have Internet connection at home.

Table 4.4 — Having home computer and Internet connection

Curricular  Extra-Curricular  After-School

n % n % n %
Having Home Computer 11 91.70 20 100.00 7 87.50
Having Internet Connection 11 91.70 20 100.00 8 100.00

4.1.3 Internet connection places

Places where students connect to the Internet were also investigated. Table 4.5 shows
the number and percentages of students according to the places where they connect to
the Internet. Results showed that participants of all cases mostly connected to the

Internet at home. While there was one student (8.3%) in Case-1 and one student (5%)
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in Case-2 who connected to the Internet both at home and at an Internet cafe, there
were none in Case-3. On the other hand, the number of students who connected to the
Internet at home and school was three (15%) in Case-2 and two (25%) in Case-3; but
there were none in Case-1 due to the fact that the students’ school has no Internet
connection. Lastly, only one (8.3%) student in Case-1 stated that he connected to the
Internet in another place.

Table 4.5 — Internet connection places

Curricular Extra-Curricular  After-School

n % n % n %
Home 11 91.70 16 80.00 6 75.00
Home & Internet Cafe 1 8.30 1 5.00 - -
Home & School - - 3 15.00 2 25.00
Other places 1 8.30 - - - -

4.1.4 Purpose of using the Internet

Students’ purpose of using the Internet were investigated in order to learn about their
major activities during Internet usage. As can be seen in Table 4.6, the students’
primary purpose of using the Internet was to do research and prepare homework with
a frequency of 12 (100%) for Case-1, 15 (75%) for Case-2, and eight (100%) Case-3.
The other major activity, for all three cases, was to do recreational activities such as
watching movies, films and listening to music. Playing games on the Internet was
another activity performed by the students with a frequency of 10 (83.3%) for Case-1,
16 (80%) for Case-2, and seven (87.5%) for Case-3. Moreover, while the students of
Case-2 (n =16, 80%) and Case-3 (n = 7, 87.5%) mostly connected to the Internet in
order to communicate (e.g., via social networks, mail), the students from Case-1
(n = 6, 50%) ranked it as the least. Only one student (5%) from Case-2 stated that he
used the Internet in order to undertake hacking activities.
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Table 4.6 — Purpose of Internet usage

Curricular Extra-Curricular  After-School

n % n % n %
Research & homework 12 100 15 75.00 8 100
Recreational (films, music) 11 91.70 17 85.00 7 87.50
Playing games 10 83.30 10 50.00 6 75.00
Communication (e.g., social
network, mail) 6 50.00 16 80.00 7 87.50
Other: Hacking 1 5.00

4.1.5 Weekly Internet usage hours

Students’ weekly Internet usage hours were investigated and are presented in Table
4.7. A high percentage of students in Case-1 (n = 4, 33.3%) and Case-2 (n = 7, 35%)
used the Internet less than three hours a week. In Case-3, a high percentage (n =5,
62.5%) of students used the Internet for three to five hours a week. Students who used
the Internet for more than seven hours was moderately high for Case-1 (n = 3, 25%)
and Case-2 (n = 6, 30%), but there was a low percentage for the students of Case-3
(n=1, 12.5%).

Table 4.7 — Weekly Internet usage hours

Curricular Extra-Curricular After-School

n % n % n %
< 3 hours 4 33.30 7 35.00 1 12.50
3-5 hours 3 25.00 6 30.00 5 62.50
6-7 hours 2 16.70 1 5.00 1 12.50
> 7 hours 3 25.00 6 30.00 1 12.50

4.1.6 Experience in games, 3D VWs and programming

It was investigated whether or not students played computer/video games, or had any
prior experience in 3D VW, or programming. The results are presented in Table 4.8.
There was only one student who did not play computer or video games in each case.

The majority of the students played computer/video games. Students’ experience in
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3D VWs was also investigated. While most of the students in Case-2 (n = 14, 70%)
and Case-3 (n =7, 87.5%) stated that they had 3D VW experience, there were only
two students (16.7%) in Case-1. Lastly, students were asked whether they had learned
or used any programming tool or language in the past. According to the students’
percentage, it was high in Case-3 (n = 3, 37.5%), less in Case-2 (n = 4, 20%), and the
least in Case-1 (n =1, 8.3%).

Table 4.8 — Having experience in gaming, 3D VW and programming

Curricular Extra-Curricular After-School

n % n % n %
Playing games 11 91.70 19 85.00 7 87.50
3D VWs 2 16.70 14 70.00 7 87.50
Programing 1 8.30 4 20.00 3 37.50

4.1.7 Game playing experience

Students’ gaming experience was also investigated since it may affect the use of VW
in the current study. Table 4.9 shows that most of the students in all three cases have
been playing computer games more than three years. While three (25%) students in
Case-1 and seven (35%) students in Case-2 have been playing games for about 1-3
years, there was only two (25%) students in Case-3. The number who had been playing

computer games for about one year was one (5%) in Case-2 and two (25%) in Case-3.

Table 4.9 — Game playing experience

Curricular Extra-Curricular After-School

f % n % n %
<1 year - - 1 5.00 2 25.00
1-3 years 3 25.00 7 35.00 2 25.00
> 3 years 8 66.70 11 55.00 3 37.50

4.2 Sub RQ - Perceptions about SDP

Participants’ perception about SDP were gathered via questionnaires. The use of SDP

was comprised of two different programs. One was the viewer for connecting to and
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navigating within 3D virtual world, and the other was for building the S40S code.
Imprudence viewer, among various other viewers available on the market, was used
in the current study due to its mostly Turkish interface and stability throughout this
study. Moreover, students used another software, Scratch for OpenSim, a modification
of Scratch, in order to program the objects in their 3D VW. In this section, students’
perception are addressed based on the results of interviews and questionnaires. Firstly,
students’ perceptions about the ease of use of SDP are addressed. Then, students’
perception about perceived usefulness of SDP are presented. In addition to students’
perception related to interface, the teachers’ perception are also presented in the related

sections.

4.2.1 Case-1: Curricular Program
Perceived ease of use of SDP

Students’ perceived ease of use of SDP was measured via the questionnaire.
Descriptive results of the perceived ease of use questionnaire are given in Table 4.10.
The questionnaire consists of four, five-point, Likert-type items. The number of
participants in this case is eight. The overall mean of perceived ease of use score is
low (M = 3.90) for this case when compared to the other cases. Students scored three
items less than four points, except for Item-3. It could be said that they found the use
of virtual worlds as easy. Students’ and teachers ideas are in line with the questionnaire
results. Students’ mostly used the interface of both software without any major
difficulties. However, since some of them were using them for the first time, they
experienced some problems until they became accustomed to their usage over time.
For example, one of the students stated that she experienced problems while working
with pop-up windows inside the viewer in terms of finding the correct buttons and

code.

CS1-STUDENT7- [When] you hide something, I always click on that,
[ click on here and it doesn’t work. After that I get distracted for a
while and I focus on it again, when you stop hiding it, I put it there.
That was a bit of the problem for me.

CS1-STUDENT7- Gizliyorsunuz, ben orayi hep tiklyyorum, suraya

basiyyorum olmuyor. Ondan sonra kafam gidip geliyor, c¢ekince
koyuyorum. O biraz sikintt oluyordu bende.
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Similar to this student, most other students, especially those who had no previous 3D
gaming experience, started to use the viewer easily after an initial adaptation period.
In addition to students’ perception, the teacher’s ideas about the interface support the

students’ perception. One student without any gaming experience stated that;

CS1-STUDENT®6- On this part | had some problems when 1 first came
across that. However, [on the second part] I did not have much trouble.
The ones there were easier.

CS1-STUDENTG6- Burada ben ilk karsima ¢iktiginda birazcik fazla
zorlandim. Ancak [ikinci kisimda] o kadar fazla zorlanmadim.
Oradakiler daha kolaydh.

Table 4.10 — Perceived ease of use results of Case-1

M SD
1. Learning to use SDP was easy for me. 3.75 1.29
2. | find SDP easy to use 3.75 129
3. My interaction with SDP was clear and understandable. 417 0.72
4. It was easy for me to become skillful at using SDP 3.92 1.08
Total 3.90

The interface of the viewer was mostly translated into Turkish; however, there were
some English terms used on the interface and also some Turkish terms that were not
meaningful for the students such as “Envanter,” which means “Inventory” in English.

the teacher of this case mentioned this issue as;

INTERVIEWER- Do you think the interface of this environment and
messages were comprehensible for the students?

CS1-TEACHER- Well, some of the menus on the upper part of the
interface were in English, the lower part was in Turkish. ... She might
have had problems on that part. Also, for example they should have
clicked on the ‘Save to Inventory’ as written in the warning, but at first,
most of them did not see that. But when you showed them the ‘Save’
button, they did it.

INTERVIEWER- Bu ortamin ara yiizii ve mesajlar ogrenciler i¢in
anlasilir myydi sizce?

CS1-TEACHER- §imdi prograramun iist boliimii meniilerin bir kismi
Ingilizceydi, alt taraf Tiirkgeydi. ... O kisimda zorlanmis olabilir. Bir
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de mesela gelen uyarida Envanterine sakla demeleri gerekiyordu, ama
cogu gormedi ilk basta. Ama sonra siz sakla butonunu gosterdiginiz
zaman yaptilar.

Ease of use of S40S. Scratch for OpenSim (S40S) is a Scratch-like program consisting
of code blocks located in different colored groups. Students in this case mostly used
S40S easily in order to program objects, regardless of their previous experience.
Besides, the students mostly transferred the code they had created in S40S to the 3D
environment easily. For example, CS1-STUDENT1 argued that;

CS1-STUDENT1- You just produce the virtual world code, delete [the
previously existing one], and copy and paste, and you 're done with it

CS1-STUDENT1- Sanal diinya kodunu iiretiyordun, [var olani]
siliyordun, kopyala yapistir yapryordun bitiyordu.
The major problems that students confronted while using this software were their lack
of knowledge on how to combine proper code blocks correctly and confused code
blocks such as which one went on the right or the left. One student complained while
working on decimal points on this software due to a lack of knowledge about decimal
numbers; “I had problems in Scratch while dealing with decimal numbers. | was

confused about those numbers in mathematics.”

3D Environment and Navigation. Students were observed during the implementation
phase. According to the observation forms and the interviews, they mostly navigated
through the environment and completed the tasks easily. However, they experienced
problems when their avatar was jammed between objects or where their avatar went
outside the borders of the region. For example, CS1-STUDENTS5 mentioned this

problem;

CS1-STUDENTS5- ... You know there was a bridge when | teleported
into the house, CS1-STUDENT3- | and most of us fell down under the
bridge. I mean we barely got out of there.

CS1-STUDENTS- ... eve wsinlandigim zaman koprii vardi ya, ... CSI-
STUDENT3, ben bir¢cogumuz o kopriiniin altina diistiik. Yani
¢ctkamadik neredeyse.

Inventory and Positioning Objects. Getting objects from the inventory and positioning

them in the environment were a major problem for the students. They had some
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problems due to the complexity of the inventory. All the things which belong to the
students and are taken are saved to the inventory. In time, the inventory could contain
many items from avatar skeletons to items of clothing, from notecards to other objects.
It could be a problem sometimes for the students to find the right object and position
it in the environment. One of the students stated that; “I had a problem in finding from

the inventory.”

Another issue students had problems with was to position objects in the 3D
environment. Students were required to drag and drop the objects from the inventory
onto the right place in the 3D environment. However, students generally double-
clicked on objects; in doing this, the objects came to their avatar’s hand and this was

a problem for most of the students at first.

Perceived usefulness of SDP

Teaching the basics of programming is the primary focus of the implementation for all
three cases in this study. Learning programming is generally considered difficult by
learners of any age (Guzdial, 2004; Kelleher & Pausch, 2005). Thus, the perceived
usefulness of SDP was measured via a questionnaire consisting of six, five-point,
Likert-type items. Descriptive results of the perceived usefulness questionnaire are
given in Table 4.11. As can be seen from Table 4.11, the overall mean value of the
items on the questionnaire was quite high (M = 4.14). Besides, apart from Item-5, the
mean of the other items were generally higher than four points. Only Item-5, using
VW made it easier to communicate with the instructor, was lower than four points
(M = 3.50).

Interview results support the questionnaire results. They confirmed that using 3D VWS5s
facilitated the learning of programming. Most of the students (n = 4) in this case stated
that they had learned the basics of programming owing to the use of the VW. For
example, CS1-STUDENT1 stated that using VW facilitated his learning;

CS1-STUDENT1- We are learning to code. [ Thanks to Scratch] we can
learn it in an easier way now. We have learned what we are supposed
to learn in an easier way.
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CS1-STUDENT1-  Kodlamayr = ogreniyoruz, [Scratch sayesinde]
ogrenmemiz kolaylasti. Ogrenmemiz gereken seyleri daha kolay
ogrendik.

Table 4.11 — Perceived usefulness results of Case-1

M SD
1. Using SDP as a tool for learning increased my academic 433 049
performance
2. SDP allowed me to progress at my own pace. 417 0.84
3. Using SDP enhanced the effectiveness of my learning 4.08 0.90
4. Using SDP makes it easier for me to understand the lecture. 408 0.90
5. Using SDP makes it easier for me to communicate with the 350 151
instructor.
6. Overall, SDP was useful in supporting my learning. 4.67 0.49
Total 4.14

4.2.2 Case-2: Extra-Curricular Program
Perceived ease of use of SDP

Descriptive results of the perceived ease of use questionnaire are given in Table 4.12.
The number of participants in this case is 20. The overall mean value of perceived ease
of use scores is high (M = 4.09) for this case. Students scored the four items generally
above four points except for the item related to interaction in the environment. It could
be said from the results that they found the use of virtual worlds as easy and simple.

Table 4.12 — Perceived ease of use results of Case-2

M SD
1. Learning to use SDP was easy for me. 410 0.79
2. | find SDP easy to use 435 0.75
3. My interaction with SDP was clear and understandable. 3.90 1.45
4. It was easy for me to become skillful at using SDP 400 0.79
Total 4.09
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The qualitative results supported that students found the use of SDP software to be
easy. The students mostly used the interface of both software without any major
difficulties. However, they complained that they could not understand the function of
some items on the interface such as “arazi sat, satin al, HM gonder” (sell land, buy,
send DM). Since they could not understand them, they hesitated when using those
functions. At this point, one student stated that the most frequently used functions

should be made easier and easily accessible on the interface.

In addition to the students’ perception, the teacher’s perception about the interface was
also taken. The teacher’s ideas were in line with their students’ perception about the
ease of use of SDP. She stated that the students learned to use the software in just a
short period of time and without much effort since they were accustomed to using
these kinds of environment. Besides, she also added that students were engaged with
the 3D environment and that they went beyond the scope of the objectives of the lesson
from time to time due to the immersive features of the 3D environment. She suggested

that texts and graphics on the buttons should be more age-appropriate to the students;

INTERVIEWER- Do you think the students were having difficulty while
they were learning the environment and virtual world?

CS2-TEACHER- I think they did not have any difficulties because these
students... Since they are quite used to this kind of environments, they
explore them quickly, but they get lost in them easily, too. | mean, when
they say ‘Let me look at this part, let me do this and that, | want to
change the clothes and the hairstyle of the character...” and such, they
might be getting away from their main goal. However, they are very
fast at discovering the environment, at using it as well.

INTERVIEWER- Do you think the interface and the messages of the
virtual world viewer of this environment are understandable for the
students?

CS2-TEACHER- They were understandable. | only thought that the
texts could have been made more engaging, that is, more interesting
for the students. The simplest example for this is that the fonts could be
changed. Apart from these, the system has an interface that is easy to
learn and quite understandable.

INTERVIEWER- Sizce ogrenciler ortami ve sanal diinyayt kullanirken
zorluk yasryor muydu?
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CS2-TEACHER- Bence hig zorluk yasamadilar. Ciinkii bu ¢cocuklar ...
bu tarz ortamlara ¢ok aliskin olduklart icin ¢abuk kesfediyorlar,
sadece ¢abuk da kayboluyorlar. Yani dur bir suraya bakayim, éyle
vapayum, iste karakterin kiyafetini degistireyim, sa¢ini degistireyim
falan derken amactan sapiyor olabilirler ama ortami kesfetmek
konusunda bence gayet hizlilar, kullanmak konusunda da hizlilar.

INTERVIEWER- Peki sizce bu ortamin sanal diinyalar
goriintiileyicisinin ara yiizii ve mesajlart ogrenciler igin anlasilir
miydi?

CS2-TEACHER- Anlasilir. Sadece metinler daha sempatik, yani daha
¢ocuk seviyesine uygun olabilir diye diisiindiim ara yiiz sadece
ogrencinin daha ilgisini ¢ekecek hale getirilebilir. Buna en basit
ornek; yazi tipi bile degistirilebilir. Bunun disinda 6grenmesi kolay ve
gayet anlagilir bir ara yiizii var sistemin.

Ease of use of S40S. Students in this case mostly found the use of S40S easier in time
when building the code for their tasks. The most significant problems students
confronted while using this software was not being able to find the code or the
appropriate names for defining variables. They had difficulty in creating code files for
the objects, using code blocks related to logical operators, and moving 3D objects in
the X, Y and Z axes. Transferring code from S40S to the 3D environment was stated
as easy by most of the students. CS2-STUDENT2 highlighted this by saying;
“Transferring was easy, | delete the code on the current file, then just did copy and

paste of the new code.”

3D Environment and Navigation. Jamming of avatars in the 3D environment was also
a major issue for this case. Avatars of users jammed into walls, underbrush and so on
from time to time. Going outside the border of the region was another issue that
students faced. For example, CS2-STUDENT10 mentioned that his avatar jammed
into walls and kept going outside the region and then he lost control of his avatar;

CS2-STUDENT10- The other parts in Which I've had difficulty in...
When | was walking, I got stuck in some of the walls. And I also had
some trouble in this too; I always used to walk by the sea, when | got
in the sea, | was done for, I used to lose control and had to teleport.

CS2-STUDENT10- Baska zorlandigim yerler... Yani bazi duvarlarin
falan igine sikistim yiiriirken. Bir de seyde zorlandim, hep deniz
kenarinda yiirtiyordum, denize girdigim anda gidiyordu, kontrolii
kaybediyordum, 1siklanmak zorunda kaliyordum.
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There were some textual information on the boards and panels in the environment.
They could take a long time to load sometimes due to lags and bandwidth issues.
Reading them could be difficult on these occasions. Students mostly navigated through
the environment and completed the tasks easily according to the observation forms
and interviews. Only those with no prior experience of computer or video games had

any difficulty when they started out. One of the students highlighted this as;

CS2-STUDENTS- For example, the first time | was starting up the
avatar, | thought we were supposed to do it with the letters [on the
keyboard]. For instance it could be like ‘f’to go fast and ‘s’to go slow,
| thought about this but then I figured out the arrows [direction keys].

CS2-STUDENTS8- Avatari mesela ilk hareket ettirirken, ben
[klavyedeki] harflerle yapacagumizi santyordum. Mesela ‘h’ hizli, ‘y’
yavas gibi oyle olabilirdi belki, onu diigiindiim sonra aklima geldi o ok
isaretleri [yon tuslari].

Inventory and Positioning Objects. Getting objects from the inventory and positioning
them in the 3D environment was a major issue for some of the students in this case.
Taking objects from the inventory, finding them and transferring them to the 3D
environment were other problems they experienced. CS2-STUDENTS expressed this
as “I had problem in taking something from the inventory, | could not understand it.”
Another issue that students had problems with was to position the objects in the 3D
environment. Rotating, moving, and deciding on the direction of the objects were the
most frequently stated issues that the students were confronted with. For example,
CS2-STUDENTS highlighted this problem as;

CS2-STUDENTS5- It is a bit hard to place things onto wherever you
want. You know changing the place of something, since | can 't frame
it properly while doing that and you can’t frame it for each centimeter,
[you fail at changing its place.]

CS2-STUDENTS- /Bir seyleri] yerlestirmek biraz zor oluyor istedigin
vere. Hani boyle yerini degistirmek var ya, onu yaparken tam
ayarlayamadigin, i¢in santimi santimine ayarlayamadigin icin gidiyor.

Perceived usefulness of SDP

The perceived usefulness of SDP was also measured via a questionnaire for this case.

Descriptive results of the perceived usefulness questionnaire are given in Table 4.13.
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As can be seen, the overall mean value of items on the questionnaire was moderate
(M = 3.91) for this case when compared to the other cases. Although the means of
Item-1 and Item-6 were higher than four points, the others were lower than four points.
The lowest mean belongs to Item-2 (M = 3.65), using VW allowed students to

progress at their own pace.

Table 4.13 — Perceived usefulness results of Case-2

M SD
1. Using SDP as a tool for learning increased my academic 4.05 0.76
performance
2. SDP allowed me to progress at my own pace. 3.65 099
3. Using SDP enhanced the effectiveness of my learning 3.80 0.89
4.Using SDP makes it easier for me to understand the lecture. 3.85 0.88
5. Using SDP makes it easier for me to communicate with the 385 1.09
instructor.
6. Overall, SDP was useful in supporting my learning. 425 1.25
Total 3.91

In contrast to the moderately low scores in the questionnaire, the qualitative results of
the interview analysis indicated that most of the students (n=28) in this case
highlighted that they learned programming easier owing to the use of VWSs. CS2-
STUDENT?7 commented about this as “I learned programming better and how to use
computers in a more meaningful manner.” Similar to CS2-STUDENT?7, another
student stated that he learned the logic of programming and added that the tasks and
stories helped him learn the logic of programming better.

In addition to the students’ ideas about facilitating the learning of programming, the
teacher’s ideas were also taken with regard to this issue. She addressed another aspect
of using VWs. She argued that learning objectives of the lesson were well-defined for
both students and teachers and it was possible to understand what had been learned at
the end of the tasks;
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CS2-TEACHER- ...The most important advantage of virtual world is
that in each lesson, task planning is neatly arranged. And we can come
to a profound conclusion such as ‘We have learned the sensing code
blocks or motion code blocks today. ” at the end of the lesson and when
the task has been completed.

CS2-TEACHER- ...Sanal diinyanin en énemli avantaji her dersin ¢ok
net gorev planlamast yapimis olmasi. Dersin sonunda gorev
tamamlandiginda da Scratch’te biz bugiin iste algilama komutlarin
ogrendik, hareket komutlarim égrendik diye net bir sonuca varryoruz.

4.2.3 Case-3: After-School Program

Perceived ease of use of SDP

The number of participants in this case is eight. Descriptive results of the perceived
ease of use questionnaire are given in Table 4.14. The overall mean of the perceived
ease of use scores is high (M = 4.19) for this case. Students of this case scored all items
higher than four points, and therefore, their scores are the highest when compared to
the other cases. These results could be interpreted as students in this case found the
software easy to use. In this case, the students mostly had previous 3D gaming
experience, and were therefore familiar with these kinds of environments and were
easily accustomed to using the viewer.

Table 4.14 — Perceived ease of use results of Case-3

M SD
1. Learning to use SDP was easy for me. 413 1.13
2. | find SDP easy to use 425 0.71
3. My interaction with SDP was clear and understandable. 425 0.89
4. It was easy for me to become skillful at using SDP 413 0.99
Total 4.19

On the other hand, one of the students did not have any prior programming experience
and was unfamiliar with block-based programming tools. He argued that he first
needed to learn the logic of S40S and how to construct code from the beginning. The
same student also had problems with some of the English terms that were not translated
into Turkish in S40S;
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CS3-STUDENT1- I think the logic of Scratch should have been taught
because | could not understand how to use it the first time | saw
Scratch... There were some English texts and I was having difficulties
about that.

CS3-STUDENT1- Scratch’in mantiginin ogretilmesi gerekirdi bence.
Clinkii ~ Scratch’i  ben ilk gordiigiimde nasil  kullanacagim
anlayamamistim. ...Scratch’te Ingilizce bazi seyler yaziyordu, ben
onda zorlaniyordum.

Ease of use of S40S. Understanding the function of code blocks was mostly easy for
the students since it is written on the blocks such as “move 1 meter.” Transferring the
code from S40S to the 3D environment was found easy by the students as well. Majors
problems experienced with the use of this software were being unable to combine code
blocks, use Turkish characters in variable names, and find code blocks and numbers
with decimal points.

3D Environment and Navigation. Students in this case were more experienced in 3D
worlds such as Minecraft than the other students. They expressed their perception
about the 3D environment by comparing it with their past experience. They were
impressed when they first saw the 3D VW environment. For example, CS3-
STUDENTS5 found the 3D environment similar to Minecraft. Results indicated that
few students in this case had problems with their avatar’s getting jammed or other

navigation problems.

Inventory and Positioning Objects. Positioning objects from the inventory to the 3D
environment was a major issue for this case, as well. The axes of the 3D environment
(X, Y and Z), determining the object’s movement direction, and locating the objects
into the proper place on the ground were all problems that confronted the students.
CS3-STUDENT4 highlighted the positioning problems as;

CS3-STUDENT4- About robots... Sometimes robots went into the
ground. And it was hard to place [the robot] on the ground. |
experienced this sort of problems.

CS3-STUDENT4- Robotlarla ilgili... Robot bazen yerin igine
giriyordu. Bir de [robotu] yerin tam iistiine getirmek zordu. Oyle
zorluklarla karsilastim. .
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Perceived usefulness of SDP

Perceived usefulness of SDP was measured via the questionnaire consisting of six,
five-point, Likert-type items in this case, as well. Descriptive results of the perceived
usefulness questionnaire are given in Table 4.15. The overall mean of items on the
questionnaire was quite high (M = 4.13), which was similar to Case-1. It can be seen
from Table 4.15 that except for Item-4 and Item-5, the mean of the other items were
generally higher than four points. Only Item-4 (M = 3.88), using VW made it easier
for students to understand the lecture, and Item-5 (M = 3.88), using VW made it easier

to communicate with the instructor, were moderately lower than four points.

Table 4.15 — Perceived usefulness results of Case-3

M SD
1. Using SDP as a tool for learning increased my academic 450 054
performance
2. SDP allowed me to progress at my own pace. 413 0.64
3. Using SDP enhanced the effectiveness of my learning 413 0.84
4. Using SDP makes it easier for me to understand the lecture. 3.88 0.84
5. Using SDP makes it easier for me to communicate with the 3.88 0.99
instructor.
6. Overall, SDP was useful in supporting my learning. 425 0.89
Total 4.13

Qualitative results of the interviews showed that the students perceived using VW as
a facilitator of their learning. Out of the eight total students in this case, four of them
mentioned that 3D VWs facilitated learning programming to some extent. For
example, one student argued that activities in the VW helped him learn programming
better. Similar ideas were stated by the other students. Besides, one of the students in
this case highlighted another important point; arguing that using the VW accelerated
her learning. She also added that what she learned on the course helped her with

activities in her ICT lessons.
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CS3-STUDENTS3- | can say that this has accelerated my learning
process. In computer lessons we learn to write code on code.org more
often. It’s really helped me on that.

CS3-STUDENT3- Ogrenmemi hizlandird: diyebilivim. Biz bilgisayar
derslerindecode.org'tan kod yazmayr 6greniyoruz daha ¢ok. Orada
mesela ¢ok yardimci oldu bana.

4.2.4 Cross-Case Analysis

The results of the analysis taken across all of the cases are provided in this section.
The similarities and differences of the cases are presented in the following parts.
Firstly, the overall perception of students and teachers across the cases was elaborated
on. Results for the perceived ease of use across the cases are presented in Table 4.16.
The mean scores of Item-1, Item-2, and Item-4 were less than four points for Case-1.
Students of Case-1 were unfamiliar with the 3D virtual environment and its use at the
beginning since they mostly had not played 3D games when compared to the students
of the other cases. Therefore, using the viewer may have been difficult at the beginning
for the students of this case. However, in time they became accustomed to using the
viewer. The mean scores of Iltem-1, Item-2, and Item-4 in Case-2 were more than four
points, except for Item-3. Some terms were either in English or their translation to
Turkish seemed meaningless for the students to understand, which was stated by a few
of the students in Case-2. That could be the reason why Item-3, which is about
clearness and comprehensivity of the interaction in 3D environment, was scored below
four points in Case-2. The mean scores of all items in Case-3 were generally higher
than four points. As can be seen from Table 4.16, the overall highest mean scores
belong to the students of Case-3, Case-2, and Case-1, respectively.

S40S was another program used in the scope of SDP. Students mostly used this
software to build code and transfer it to the 3D environment without experiencing any
major difficulties. However, they did experience some problems while using this
software. Finding the code blocks, not being able to combine them and confusing
numbers with decimal points were problems experienced by students of Case-1 and
Case-3. Defining variables with appropriate names was a problem experienced by
students in Case-2 and Case-3. However, creating code files for the objects, using
logical operators, and code blocks related to moving the objects in the X, Y and Z axes
were difficulties faced only by students of Case-2.
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The 3D environment and navigation in the environment was another emerging sub-
theme about the ease of use of SDP. Most of the students generally became accustomed
to using the programs after an adaptation period and they were then able to navigate
in the 3D environment without much difficulty in all three case. However, they did
encounter some difficulties on occasion. The difficulties faced mutually across all
three cases were avatar’s jamming between objects and avatar’s going outside of the
region. Those were the most significant problems for students in all the cases. Slow

loading of textuals on boards was also a problem stated by the students of Case-2.

Table 4.16 — Perceived ease of use results across the cases

Case-1 Case-2 Case-3
M SD M SD M SD
1. Learning to use SDP was easy for me. 3.75 129 410 0.79 4.13 1.13
2. | find SDP easy to use 3.75 1.29 435 0.75 425 0.71

3. My interaction with SDP was clear and 417 072 3.90 145 4.95 0.89
understandable.
4. It was easy for me to become skillful at using
SDP 3.92

Total 3.90 4.09 4.19

1.08 4.00 0.79 4.13 0.99

Inventory and positioning of objects from the inventory onto the 3D environment was
other emerging sub-theme about the ease of use of SDP. The problems which students
experienced about the inventory were similar to some extent among the cases.
Complexity of the inventory, finding objects in the inventory, taking objects to the
inventory, positioning them from the inventory to the 3D environment were the most
significant problems faced by the students of all three cases. For example, the students
all faced the problem of getting objects to their avatar’s hand when placing them to the
ground in the 3D environment since they were double-clicking on the objects in the
inventory rather than dragging-and-dropping the object from the inventory to the

ground.

Perceived usefulness of SDP was investigated with the help of a questionnaire and
interviews administrated with the students. Table 4.17 presents the perceived

usefulness results of the questionnaire across all three cases. As can be seen from Table
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4.17, the overall mean value of perceived usefulness was quite high for Case-1
(M =4.14) and Case-3 (M = 4.13), but it was moderate in Case-2 (M = 3.91). The
results show that students in Case-2 did not benefit from the VW in terms of learning
at their own pace as much as students in the other cases. This might be due to a higher
number of students in Case-2 as well as the group members themselves. Group
members could affect each other in terms of completing tasks at the same time. When
the mean of the items were examined across the cases, it was found in all three cases
that the mean of Item-5, using VW made it easier to communicate with the instructor,
was lower than four points. This was not surprising because students in all three cases
were able to speak face-to-face easily with their teacher.

Qualitative results of the interviews proved that using the VW facilitated the students’
learning of programming. This is a remarkable result because students generally
perceive the learning of programming as being difficult. The results indicated that most
of the students across all three cases thought that using the VW facilitated learning the
basics of programming. Besides, the teacher of Case-2 defined the learning objectives

of the study as well-planned for both students and teachers.

Table 4.17 — Perceived usefulness results across the cases

Case-1 Case-2 Case-3

M SD M SD M SD

1.Using SDP as a tool for learning increased 4.33 0.49 4.05 0.76 4.50 0.54
my academic performance

2.SDP allowed me to progress at my own pace. 4.17 0.84 3.65 0.99 4.13 0.64

3. Using SDP enhanced the effectiveness of my 4.08 090 3.80 0.89 4.13 0.84
learning

4.Using SDP makes it easier for me to 4.08 090 3.85 0.88 3.88 0.84
understand the lecture.

5.Using SDP makes it easier for me to 350 1.51 3.85 1.09 3.88 0.99
communicate with the instructor.

6. Overall, SDP was useful in supporting my 4.67 049 425 1.25 4.25 0.89
learning.

Total 4.14 3.91 4.13
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4.3 Sub RQ - Affordances of SDP

VWs have some affordances when used for educational purposes (Duncan et al., 2012;
Warburton, 2009). Using virtual worlds in programming education can bring about
some affordances too. The results revealed seven sub-themes for affordance, which

are elaborated on in the following parts of this section.

4.3.1 Case-1: Curricular Program
Having Fun

Having fun is an important drive for students to like programming and to increase their
level of participation. Of the total students in this case, four of them stated that they
had fun during the activities and liked programming thanks to the 3D VW. For
example, CS1-STUDENTS5 explained this as;

CS1-STUDENTS5- Sir, the subjects were quite fun. For example if there
was 105 tasks instead of 15 tasks, that’d be better.

CS1-STUDENTS- Hocam, konular ¢ok eglenceliydi. Mesela 15 gorev
verine 105 tane gorev olsa daha giizel olurdu.

The teacher’s ideas are line with the students for this sub-theme. She stated that the
lessons were enjoyable for the students and that students were active. She stated that
the students were wondering what was coming up next in the following lessons and
asking questions about the following activities. She also added that using the VW not
only increased the participation of some students, but that it also increased the level of

students’ interest towards the lesson in an appreciable way;

INTERVIEWER- Do you think virtual worlds have raised the students’
interest in programming?

CS1-TEACHER- It has aroused their interest in programming. But in
the virtual environment. Also it might have only raised it for Scratch
but [a] kid told me in the club that when s/he uses virtual world with
Scratch, s/he is more interested...For example the kids were wondering
the next tasks when they were done with the previous tasks. They asked
questions such as ‘How can it be done?’ They were always curious.

INTERVIEWER- Sanal diinyalar sizce ogrencilerin programlamaya
ilgisini artirmis midwr?
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CS1-TEACHER- Programlamaya ilgisini artirdi. Ama o sanal
ortamda artirdi. Diger taraftan sadece Scratch olarak da artirmis
olabilir ama [bir] ¢ocuk Scratch’le sanal ortami kullandiginda daha
ilgili oldugunu bugiin bana séyledi yani kuliipte... Mesela her bir
gorevden sonra diger gorevleri merak etti ¢cocuklar. Nasil yapilabilir
gibi sorular sordular. Hep bir merak icindeydiler.

Personal Contribution

Another emerging sub-theme was personal contribution that was stated by the students
as an affordance. Four students in this case thought of transferring the knowledge of
programming that they had acquired during the lesson into their future life in some
way. For example, both CS1-STUDENT2 and CS1-STUDENT®6 thought that they
could transfer the knowledge into real life and hoped to improve upon their knowledge;

CS1-STUDENT2- When we grow older, we might work on
programming this way because half of the world is trying to learn to
do programming now.

CS1-STUDENTG6- Sir, we ve learned that we can improve in coding in
the future by learning it like this.

CS1-STUDENT2- Biiyiiyiince boyle programlamada c¢alisabiliriz.
Clinkii diinyamn artik yarisi programlama 6grenmeye ¢alistyor.

CS1-STUDENT®6- Hocam, ileriki hayatimizda kodlamay: bu sekilde
ogrenerekten daha ¢ok fazla gelistirebilecegimizi 6grendik.

Gaining 3D Experience

The environment was 3D and also immersive. While few students in this case were
familiar with such an environment, the others were not. Only one student in this case
mentioned this experience as an affordance. He stated that he gained experience with
the 3D environment. The teacher of this case also pointed out this theme; stating that
it was a good experience for the students to be an avatar (character) and to interact

with each other in the 3D environment;

CS1-TEACHER- The environment is three-dimensional... That is,
there is a whole environment there, a world, the students being their
own characters there... The kids pushing each other in that
environment, | mean as characters, as avatars [has contributed to their
experience.].
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CS1-TEACHER- Ortam 3 boyutlu... Yani orada tamamen bir ortam
var, bir diinya var, orada [Ogrencilerin] kendi karakteri olmasi...
Cocuklarin bulundugu ortamda birbirlerini iteklemesi, yani karakter
olarak, avatar olarak [onlara deneyim kazandirmistir].

Facilitating Group Working

Students paired-up with a friend and the aim was to complete tasks together. They
were able to see and interact with each other in the 3D environment. Students’ ideas
were taken about group working through the interview questions. The results revealed
that the VW enabled students to work together and facilitated group working. Out of
all of the students, four of them argued that 3D VW enabled them to work together.
For example, CS1-STUDENT1 highlighted that the VW let them work together and

facilitated group working;

CS1-STUDENT1- [It’s taught us] collaboration. [in virtual world] We
were doing it with our friends so it was collaboration.

CS1-STUDENT1- Ishirligini [6gretti]. [sanal diinyada] Arkadasimizla
yapryorduk onun igin isbirligi oluyordu.

Motivation

The effect of using VW on student motivation was asked to the teachers of the cases.
The teacher of this case thought that using VW had a positive effect on student
motivation towards the learning of programming. She stated that students would like

to use Scratch in 3D VW rather than just using the original Scratch;

INTERVIEWER- How do you think virtual world has affected the
students’ motivation in terms of the issues about programming?

CS1-TEACHER- | have asked the kids just now. They said ‘Using
Scratch in virtual world is more fun.” One of the students said that
learning about programming in virtual world, that is using Scratch in
virtual world, is more fun. I mean a student of mine said that it’s
increased his/her motivation.

INTERVIEWER- Sizce sanal diinyanmin o6grencilerin programlama
konularina motivasyonu etkisi nasil oldu?

CS1-TEACHER- Biraz oénce sordum c¢ocuklara. ‘Sanal diinya
icerisinde Scratch kullanmak daha eglenceli.’ dediler. Cocuklardan
biri sanal diinyada programlama ogrenmesinin, yani Scratch’i sanal

120



diinyada kullanmanin daha eglenceli oldugunu soyledi. Yani daha
motivasyonunu artirdigini bir 6grencim séyledi.

4.3.2 Case-2: Extra-Curricular Program
Having Fun

Some students (n = 4) stated that they had fun during the activities. They mentioned
that they liked programming activities in the 3D environment as well as they had fun
during the activities since the activities were both fun and adventurous. For example,
CS2-STUDENT?2 thought that the contribution of VWSs was to teach programming in
a fun way and to add some sense of adventure to their learning. He also argued that
learning programming in the virtual world was more creative when compared to
learning with the original Scratch application, because Scratch could become boring
after a while due to its limited number of activities;

INTERVIEWER- What are the benefits of this environment, in your
opinion?

CS2-STUDENT2- | think the benefits [of it] are both teaching us about
programming through fun, and also putting some adventure in it
because | mean [for instance] there was a city with problems, we were
fixing the bridge etc., we were saving the turtles... There was a story
here. This world was huge and more creative.

INTERVIEWER- Sizce bu ortamin size faydalari neler?

CS2-STUDENT2-  Bence bize faydalart hem  eglendirerek
programlama ogretmek, hem de birazcik icine macera katmak. Ciinkii
yani sey sorunlu gehir falan vardi, iste kopriiyii yapryorduk falan,
kaplumbagalar: kurtarryorduk... burada hikaye vardi. Bu diinya ¢ok
biiyiiktii ve daha yaraticrydi.

Two of the students argued that VW was more enjoyable when compared to other
tools, such as original Scratch or Python. Using Scratch with VW was more enjoyable

since VW was an entire world and consisted of creative stories.

The teacher’s ideas were also taken for this sub-theme. Her ideas were in line with
those of her students. She argued that lessons were fun and the students participated
actively in order to achieve the mission of each lesson. She stated that using VW
definitely increased the level of participation and students’ awareness as well as their

interest towards the lesson when compared to previous years;
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INTERVIEWER- How do you think were the lessons going? Fun,
boring...

CS2-TEACHER- I think they are quite enjoyable, [they are] the lessons
in which the rate of participation is high, and the lessons in which
students are definitely participating in order to succeed. [The student]
enjoys it, but also wants to carry out the tasks well, | mean [s/he] wants
to complete it.

INTERVIEWER- And do you think it’s raised the students’ rate of
participation during the lessons?

CS2-TEACHER- I think it definitely has. | was the teacher of this club
last year as well. There is a big difference between the point that we
reached with my students last year and the point weve reached with
this year’s students. With the help of the studies we 've done with this
three-dimensional virtual environment, even the students’ level of
awareness is so different that the way they verbally express [things]
has changed.

INTERVIEWER- Sizce dersler nasil gegiyordu? Zevkli, sikici...

CS2-TEACHER- Bence ¢ok zevkli geciyor, katilim oranminin yiiksek
oldugu dersler, ogrencinin mutlaka basarrya ulasmak isteyerek
katildigi dersler bir de. [Ogrenci] zevk aliyor, ama bir de gérevi
basarmak istiyor, yani onu sonlandirmak istiyor.

INTERVIEWER- Peki sizce derse katilimini falan artirdi mi
ogrencilerin?

CS2-TEACHER- Bence kesinlikle artirdi. Ben gegen sene de bu
kuliibiin 6gretmeniydim. Gegen sene ogrencilerle geldigimiz noktayla
bu yil bu 3 boyutlu sanal ortamda yaptigimiz ¢alismalar sonucunda
ogrencilerin geldigi nokta, farkindalik seviyeleri bile o kadar farkl ki,
yani sozel olarak ifade edis sekli bile degisti.

Personal Contribution

Students of this case mentioned about some personal contributions as an affordance.
The most-cited personal contribution as an affordance in this case was to gain
experience in game programming. Of all the students in this case, two argued that they
gained experience in game programming to some extent. For example, CS2-
STUDENTS5 explained this affordance as, “I gained insight about game programming,
| learned it to some extent.” Other personal contributions were to transfer the
knowledge of programming to real life, to realize the mission of computing in a

meaningful way, and to enhance their creativity and imagination. Each of these sub-
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themes were stated by only one student. For example, CS2-STUDENT6 argued that
VWs enhanced his creativity and imagination, while CS2-STUDENT3 stated that he

learned how to use computers in a more meaningful way;

CS2-STUDENT®6- It has improved my creativity and my imagination.

CS2-STUDENTS3- I've improved myself in computer usage, I’ve
learned to use [a] computer multi-functionally.

CS2-STUDENTG6- Yaraticiligimi, hayal giictimii gelistirdi.

CS2-STUDENT3- Bilgisayar kullanimimi gelistirdim, daha amagl
kullanmayr 6grendim bilgisayari.

Gaining 3D Experience

Students of this case were more familiar with 3D environments than the students of
the other cases since it was their own choice to join the game programming club.
Therefore, they mentioned about this theme more. Three of the students stated that
they gained experience in 3D and virtual reality. For example, CS2-STUDENT®6

argued that he learned how to create 3D objects and resize them in a 3D environment;

CS2-STUDENTG6- ... It has also contributed to, how can I put this, the
experience of doing something on virtual environment because it is the
three-dimensional [system] experience which has taught us how three-
dimensional things are created, what they are like, how to maximize
them, how to expand them, how to minimize them.

CS2-STUDENTG6- ... Bir de seyi kazandwrdr boyle bir, nasil desem,
sanal ortamda bir seyi yapma tecriibesi. Ciinkii 3 boyutlu seylerin nasil
yaratildigini, nasil oldugunu, nasi daha biiyiitiildiigiinii, nasil
genisletildigini, nasil kiiciiltiildiigiinii bize daha ¢ok 3 boyut tecriibesi
verdi.

Another student in this case pointed out that the 3D environment forced him to think
in another dimension, 3D, when compared to two-dimensional (2D) tools such as with
the original Scratch. He added that it was a different experience for him and it

increased his spatial ability;

CS2-STUDENT2- At first we thought programming to be in two-
dimensional way in the 4" grade because we were thinking it was
always two-dimensional on Scratch, we’'d never imagined it three-
dimensionally. This virtual world has enabled us to think in a three-
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dimensional way. You have to think in a three-dimensional way since
you make the character and for instance the stairs in 3D as well.

CS2-STUDENT2- Basta programlamay 4. sinifta boyle ¢ok 2 boyutlu
falan diisiiniiyorduk.  Ciinkii  Scratch’te falan hep 2 boyutlu
diistintiyorduk, hi¢ 3 boyutlu diigiinemiyorduk. Bu sanal diinya daha
¢ok 3 boyutlu diisiinebilmemizi sagladi. Ciinkii hem karakteri 3
boyutlu, hem de ornegin merdiven yapryorsun 3 boyutlu diigiinmen
gerek.

Facilitating Group Working

Students worked in pairs in this case, as well. The results indicated that VW facilitated
group working as an affordance. Out all the students in this case, half of them (n =5)
argued that the VW enabled them to work together and facilitated group working as
they worked together more with the help of VW. One of students explained this issue
very well. CS2-STUDENT?2 mentioned that before learning programming, first, VW
taught them how to do things together;

CS2-STUDENT2- [The virtual world] has taught us about team spirit,
I mean collaboration. And also about programming.

CS2-STUDENT?2- [Sanal diinya] once takim arkadashgini, yani birligi
ogretti, nasil birlikte bir sey ¢ozebilecegimizi dgretti. Sonra bir de
programlamay ogretti.

Motivation

The teacher of this case argued that using VW had a positive effect on the students’
motivation towards learning programming, as well. Students assumed that they would
have fun at the beginning of the lesson due to immersive features of the 3D
environment. Therefore, she stated that this feeling of the students positively affected

their motivation;

INTERVIEWER- How do you think virtual worlds have influenced the
Students’ motivation about the issues of programming?

CS2-TEACHER- I think that they have been affected in a very positive
way because most importantly, the fact that a student is entering a
three-dimensional environment gives the impression to the student that
s/he will have more fun. I mean s/he enters the lesson with that
motivation. It doesn’t matter whether the lesson is fun or not but when
s/lhe runs into a three-dimensional environment, when s/he moves a
character or an avatar, s/he views this concept more differently.
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INTERVIEWER- Sizce sanal diinyalar ogrencilerin programlama
konularina yonelik motivasyonuna etkisi nasil oldu?

CS2-TEACHER- Kesinlikle ¢ok pozitif yonde etkilendiklerini
diigtiniiyorum. Ciinkii her seyden once ogrencinin, yani 3 boyutlu bir
ortama giris yapryor olmast belki biraz daha boyle eglenecegi seyi
veriyor ¢ocukta. Yani oyle bir motiveyle giriyor derse. Dersin eglenceli
olup olmamasi onemli degil ama, 3 boyutlu bir ortam ¢ikinca
karsisina, bir karaktere hareket verince, bir avatar: olunca ¢ok daha
bambaska bakiyor olaya.

Other Affordances

There were some students in this case who had some prior programming experience.
Those pre-experienced learners had the opportunity to use or see at least one
programming tool or language prior to this course. The teacher of this case also had
experience in the teaching of programming with other tools. Those students and
teachers were asked to define the outstanding affordances of VW. The teacher of this
case pointed to an outstanding affordance that was missing from the original Scratch.
It was possible to see real LSL code after transforming the code built on S40S; which
was something different to the original Scratch. She mentioned that students realized
that real code lay behind the ready-to-use puzzle blocks of Scratch. This was helpful
for students to realize and investigate the real code of a programming language.
Similar to the ideas expressed by the teacher, one student who also realized about the
underlying code highlighted this by saying, “I was inspecting the generated code after

the transformation. We wrote the real code there.”

CS2-TEACHER- ... After building the code on Scratch, they were
translated into code and student actually realizes the fact that s/he
gives the computer a code in a way the computer would understand it.
This is the difference of the virtual world. But what does a kid do when
using original Scratch? S/he actually controls the cat with an interface.
In fact, there is a working programming language behind that
interface. That is, in the normal version of Scratch, when s/he tells the
cat to take 10 steps, s/he in fact writes an algorithm for Scratch, doesn’t
s/he? | mean, s/he creates some kind of an sequence. S/he does not
write that code blocks on her/his own, | do not think so. But what does
[the student] do in the virtual world? After building the code blocks,
s/he translates them in to her/his own language, using that [LSL]
language. Therefore, I think the virtual world is more advantageous at
this point. The kid takes this more seriously. In the other one, s/he
thinks that there is a cartoon series.
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CS2-TEACHER- ... Scratch’te bloklar olusturulduktan sonra koda
cevriliyordu ve ogrenci aslinda arka planda bilgisayara bilgisayarin
anlayacag bir makine diliyle kod verdigini fark ediyor. Sanal
diinyanmin farki bu. Ama normal Scratch kullanirken ne yapiyor ¢ocuk?
Aslinda kediyi bir ara yiizle kontrol ediyor. O ara yiiziin arkasinda
calisan bir programlama dili var aslinda. Kediye 10 adim git derken
yani bir algoritma yaziyor aslinda Scratch’e, kendi normal Scratch’te
oyle degil mi? Yani bir siralama veriyor. O komutu kendi yazmiyor,
ben oyle diistiniiyorum. Ama sanal diinyada ne yapiyordu? Komutlar
dizdikten sonra onu [kendi] diline ¢eviriyordu tekrar, o [LSL] dilini
kullaniyordu. Dolayistyla burada sanal diinyanin avantajli oldugunu
diistiniiyorum. Cocuk daha ciddiyetle bakiyor olaya. Otekinde bir ¢izgi
dizi varmus gibi diistiniiyor.

4.3.3 Case-3: After-School Program
Having Fun

The students of Case-3 expressed their feelings about the lesson almost matching the
students in the other cases. Three of the students mentioned having had fun and they
liked programming thanks to VW. One of the students highlighted an important point
with regard to the like/dislike of programming. She stated that she did not like
programming and doing such activities on Scratch before participating in the VW
lesson. However, she stated that she now likes programming and she would like to do
more of the activities on her own on Scratch after participating in the lesson. After she
found a taste for programming, she realized how to make use of computers in different

ways. She has a passion for programming now and wants to build her own objects;

INTERVIEWER- So, have the things you have experienced here made
you like programming?

CS3-STUDENT®6- Yes. Actually, I did not like it at first, | mean when
they put Scratch in front of me, I would push the computer away. But
now, | beg to try opening Scratch.

INTERVIEWER- Peki programlamayr sevmeni sagladi mi burada
yvasadigin seyler?

CS3-STUDENTG6- Evet. Ashinda, basta pek sevmiyordum, neredeyse
Scratch’i oniime koysalardr boyle bilgisayari iteklemeyi deniyordum.
Ama simdi Scratch’i ben kendim yalvararak agmayt deniyorum.
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Personal Contribution

The most stated affordance were the transfer of knowledge of programming into real
life and to gain some experience in game programming. Each of these sub-themes were
mentioned by two students. CS3-STUDENT®6 highlighted this affordance as she could
transfer what she learned into her future life and she hopes to make use of it;

CS3-STUDENT®6- I will be able to do many more things on it such as
building something differently, or that I can fix my own games, maybe
I can be rich in the future when I grow up with that thing by editing
programs.

CS3-STUDENTG6- ...daha ¢ok sey yapabilecegim, yani kendi
oyunlarimi diizeltebilmem, belki gelecekte biiyiiyiince belki o seyle
belki programlari diizelterek zengin olabilirim.

Another personal contribution was to gain experience in game programming. Two of
the students argued that what they learned throughout the study could contribute to
game programming. CS3-STUDENT5 hopes to create his own games in the future
with the help of what he learned. Another personal contribution stated by one student
was to realize the mission of computers in a more meaningful way. CS3-STUDENT®6
argued that she realized another important point of computers; having, before the
course, only used her computer in order to do homework or watch videos, but through
the help of the VW, she wants to create her own artefacts by using code blocks on

Scratch;

CS3-STUDENTG6- I've been taking programming more seriously. At
first I was thinking that a computer was just something to watch videos
and do my homework.. But then my brother showed Scratch and that
sort of things, | opened it one or two times then, but after Scratch [used
with VW] has made programming more fun, 1 am going to make my
own artefacts by building options in virtual world

CS3-STUDENTG6- programlamaya dogru daha ¢ok Jnemsedim.
Onceden bilgisayarin sadece video izlemek ve édevlerimi yapmak icin
kullaniyyordum. Ama sonra agabeyim Scratch ve benzeri seyleri bana
gosterince o swalarda 1-2 kere ag¢tim, ama [sanal diinyada]
kullandigimiz Scratch programlamayr eglenceli hale getirince sanal
diinyada insa etme segeneklerini kullanarak kendi egyalarimi
yapacagim.
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Gaining 3D Experience

Out of all the students in this case, two of them mentioned gaining experience on 3D.
One student argued that, “I had experience on such environments before, but they did
not move. The experience here was more pleasing because they are moving.” The other
student mentioned that it was possible to learn what to do and how to move objects in
a 3D environment. He stated this as;

CS3-STUDENTS3- It has taught me what I can do on that virtual world,
which things I can move.

CS3-STUDENT3- O sanal diinyayr neleri yapabilecegimi ogretti,
neleri hareket ettirebilecegimi 6gretti.

Facilitating Group Working

Facilitating group working and enabling students to work together was the emerging
theme in this case, as well. Most of students (n = 4) in this case thought that the VW,
with its unique features, enabled them to work together and facilitated group working.
For example, one of them stated that his team peer helped him, and that they completed

most of the tasks together in the 3D environment;

CS3-STUDENT4- | did most of the tasks with my friend [in the virtual

world]. ... [therefore] I managed better things in the tasks, I have
learned more about programming

CS3-STUDENT4- Cogu gorevleri arkadasimla [sanal diinyada]
birlikte yapmistik. .... [Boylelikle] gorevlerde daha iyi seyleri
basarabildim, daha iyi ogrendim programlamayi.

4.3.4 Cross-Case Analysis

Affordances revealed were varied across the cases. Emerging codes were categorized
under six sub-themes and their frequencies across the cases presented in Table 4.18.
Having fun was the first affordance to emerge from the results. Most of the students
across all three cases argued that they had fun in the activities and liked programming
owing to VWs. Teachers of the cases argued that the activities were fun and increased
the interest and participation of students towards the lesson.

Personal contribution was another emerging sub-theme as an affordance. The only

emerging code in all three cases was to use the transfer of programming knowledge
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into real life. At least one student from each of the three cases mentioned this
contribution. While students from Case-2 and Case-3 listed gaining experience in
game programming and realizing the mission of computers in a meaningful way as a
personal affordance, there was no emerging codes for Case-1. On the other hand, the
code related to enhancing creativity and imagination only emerged in Case-2. As to
the other emerging sub-theme, gaining 3D experience, at least one student from each
case mentioned this. However, the number of students was a bit high for Case-2 since
their club was primarily focused on game programming and were therefore more

willing to do the activities in 3D.

Table 4.18 — Frequencies of Affordances across the Cases

Case-1 Case-2 Case-3

n % n % n %
Having fun during the lesson 4 57 4 40 3 50
Personal Contribution

Transferring programming knowledge intoreal life 4 57 1 10 2 33
Experience in game programming - 2 20 2 33
Realizing the real mission of computers - 1 10 1 17
Enhancing creativity and imagination - 1 10 - -
Gaining experience on 3D 1 14 3 30 2 33
Facilitating group working 4 57 5 50 4 67

Facilitating group working is the other affordance of VW that emerged at the end of
the analysis. Most of the students in all three cases argued that VW enabled them to
work together and that it facilitated group working. Motivation was the other
affordance stated by the teachers of both Case-1 and Case-2. The teachers of all of the
three cases argued that using VW had a positive effect on the students’ motivation.
Lastly, students and teachers of each case were asked to list the affordance of using
VW with Scratch when compared to other programming tools they had used. The
affordance only mentioned by the participants of Case-2 was to see real code being

generated. Since the students in this case were more aware of programming and the
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teacher more experienced in teaching programming, they realized the transformed
code, and also recognized the importance of real code experience.

4.4 Sub RQ - Challenges of SDP

Challenges of SDP were investigated based on the interview and observation analysis
of both students and teachers. Students had used SDP for about 15 hours in total and
in that time they faced some challenges. Those challenges are elaborated on in this
section. Firstly, challenges that students encountered related to 3D environment are
given. Then, the challenges related to equipment and infrastructure are addressed.
Lastly, challenges related to tasks related to the 3D environment are elaborated on.
The categories that emerged under these sub-themes are also addressed in the

following parts of this section.

4.4.1 Case-1: Curricular Program
3D environment

Students faced challenges related to the 3D environment during their usage. Avatar-
related problems and misuse of the environment were among the challenges that
students of this case encountered. Avatars could sometimes load slowly or disappear.
In such situations, the students were unable to see their avatars in the environment.
One student in this case experienced this problem with his avatar. CS1-STUDENT5
highlighted this problem as, “My avatar disappeared suddenly from time to time, |
could not customize it.” Another problem was due to misuse of the environment.
Students sometimes could misuse the environment by trying different things and this
could subsequently affect other students due to slowing the server down. One student
encountered such a challenge since she tried many things on her computer and she
stated that her virtual world crashed and it was then not possible to move in the 3D

environment;

CS1-STUDENT7- | tried doing different things on our own computer
when we were not using it. | combined everything together and a really
interesting thing came out. My virtual world has collapsed, | mean one
could not play games on it anymore.

CS1-STUDENT7- Kendi bilgisayarimizda degisik seyleri denedim
kullanmadigimiz zamanlarda. Hepsini birbirine kattim, ¢ok degisik bir
sey oldu. Sanal diinyam iflas etti, yani oyun oynanilmiyordu artik.
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Equipment and infrastructure

Equipment and infrastructure of the setting are important issues while using a VW,
because the use of VWs requires high capability computers and a robust network
connection among the computers (Purbrick & Lentczner, 2007). Students of this case
mentioned about challenges related to equipment and infrastructure in four categories.
The most mentioned challenge was computer freeze or an abrupt shutdown. Most of
the students (n = 6) in this case faced this problem and mentioned it as a problem
because the computers were largely old. They could freeze or abruptly shut down.
CS1-STUDENTS highlighted this challenge as, “My computer froze, then | had to use

the next computer.”

Electricity and inadequate lighting in the school setting were also challenges
mentioned each by student. In the first part of the study, there was a power cut for
about two hours and it was therefore not possible to do any activities that day. One
student defined this problem as a challenge. The computer laboratory of the school
was located on a lower floor and inadequate lighting in the laboratory was stated by

one student as a problem.

Tasks

Reaching the place in the 3D environment for tasks, grasping them and their difficulty
level also emerged as categories for this sub-theme. The first challenge stated by two
of the students was to correctly reach the place where the tasks were to be undertaken.
Students reported that waymarks on the ground were unclear or invisible due to the
fact that textures were sometimes loading slowly. CS1-STUDENT7 commented on
this problem as, “Waymarks on the ground were not clear; they looked blurred.”
Besides, one student reported that she was unable to notice those marks since they

were on the ground.

Difficulty of tasks was another emerging sub-theme. Two of the students in this case
mentioned that a few of the tasks were difficult and that they had difficulty in
completing them. The other challenge stated by one student was about grasping the
tasks. In the first part of the study, students were tasked with programming their robots

in order to move them from the home location to the finish location along different
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paths. One of the students highlighted that the tasks in the first part were meaningless

for her and she tried to do them by chance;

CS1-STUDENT®6- [The things on the first part] were not very good. |
mean | was trying to make things up and take wild guesses, depending
on the possibility that they would be correct. ... There were some
squared things like this. You had given us some cards. ... I was having
a bit more difficulty while moving our robot.

CS1-STUDENT®- [Ilk kisimdakiler] pek iyi degildi. Yani ne bileyim
kafadan ata ata yapmaya ¢alistyordum belki tutarsa diye. ... orada
kare kare boyle seyler vardi. Siz de bize bazi kartlar vermistiniz. ...
robotumuzu gotiirmek icin birazcik fazla zorlantyordum.

Moreover, the teacher’s ideas were also taken about this sub-theme. She pointed out
an important challenge related to the tasks’ difficulty level. She argued that working
with numbers with decimals could be hard for some students to grasp. She added that

they might not know those numbers if they had not been previously informed,;

CS1-TEACHER- ... For example when you got closer to the door on
there... We wrote numbers such as 0, 1. I wondered how a student could
notice this without knowing them. When they were approaching the
door, when it was opening, | wondered how a student could figure it
out on his/her own. | mean it is a bit hard, | could not have figured it
out there...

CS1-TEACHER- ... Simdi mesela orada kapiya yaklastigimizda... 0,1
gibi sayilar yazdik. Bunu 6grenci bilmeden nastl fark edebilir ben bunu
merak ettim. Kapiya yaklasinca kapinin agilmasi o sayiyr nasil kendi
bilebilir bunu merak ettim. Yani o biraz hani [zordu],ben bilemezdim
yani orada...

4.4.2 Case-2: Extra-Curricular Program
3D environment

Students of this case encountered challenges more than the students of the other cases.
Some students were unable to watch the help videos, take objects in the 3D
environment, control the camera, or find the environment as it was left. In addition,
avatar-related problems and misuse of the environment were the other challenges
encountered by some of the students. Not being able to watch help videos were the
most-cited challenge seen in this case. Out of the total number of students, five of them
mentioned about this challenge. This might be due to fact that there were a high
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number of students in this case, and it was therefore not possible for the teacher to
respond to the need for help of all students. Therefore, students preferred to watch help
videos, and videos were not always openable due to various reasons. Opening videos
was a problematic issue in the VW since it requires more capability from the
computers and equally more bandwidth. For example, CS2-STUDENT1 argued that
they were unable to watch some of the help videos;

CS2-STUDENT1- Through the end of the videos, | was not able to play
the videos, | could not.

CS2-STUDENT1- Videolarin sonlara dogru filan videolar:
acamamaya basladim ben, acamadim.

The other most-cited challenge was being unable to take objects and use them in the
3D environment. Of all the students, two of them argued that they were unable to take
the necessary objects to complete the tasks. CS2-STUDENT9 commented about this
problem as, “My box did not work, but my friend’s box was working, so | took the
necessary materials from his material box.” Avatar-related problems was another
challenge mentioned by two of the students. They mentioned that their avatar
transformed to the default avatar when they teleported to another region. CS2-
STUDENT?2 highlighted this problem as, “When I went to another world [ region], my

customized avatar reverted back to the default appearance.”

Not being able to control the camera, changing structure of the environment in
subsequent weeks and misuse of the environment were other challenges stated by one
student. For example, CS2-STUDENT®6 complained that it was not possible to find the
environment as he had left it in the previous lesson. He highlighted this problem as,
“Each week, some place in my VW would disappear, which | had no idea about.” This
may be due to the fact that some students would misuse the environment on occasions,
or could accidentally delete part of the environment by mistake. Misusing the
environment was a challenge stated by one student, with CS2-STUDENT®6 arguing

that he built enormous objects that may affect the other objects in the environment;

CS2-STUDENT®6- | found a bug [in the game]. You know that we can
create giant things there, with those, | made a base camp on the sea. |
made a huge area, | was walking above it.
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CS2-STUDENTG6- Ben [oyunda] bug buldum. hani béyle dev seyler
varatabiliyoruz ya, ben onlarla denizin iistiinde bir iis kurdum. Boyle
kocaman bir alan kurdum, tistiinii geziniyordum.

Equipment and infrastructure

Challenges in this sub-theme could be categorized under three categories for this case.
The most-cited challenge (n =5) in this case was about network issues. The server
was slowing down sometimes, and students could wait for the server for some time in
order to log on or to respond to a request when the network connection was running
slow. At those times, students faced challenges when they tried to log on to the
OpenSim server. For example, CS2-STUDENTS5 commented that; “It was too slow to

log in sometimes.”

Another challenge was about computer’s freezing or unexpectedly shutting down. Of
the total students in this case, three of them mentioned this challenge. CS2-
STUDENT?9 highlighted this problem as, “I encountered the problem of computer
freeze the most.” The last challenge mentioned by one student of this case was
problems with the headset. There were headsets plugged into each computer in the
school setting so that students were able to use them during the class hours. One of the

students mentioned about a problem with his headset;

CS2-STUDENTS5- You know... On the phone, the man talks, you cannot
hear him.

CS2-STUDENTS- Kulaklikta ... adam konuguyor ya, yani onu
duyamiyorsun.

Tasks

Emerging codes could be categorized under three categories in this case: reaching the
location of the tasks, grasping the tasks, and the difficulty level of the tasks. Reaching
the location of the tasks was the most mentioned challenge (n = 4) by the students in
this case. There were colored waymarks like footprints on the ground to help users
navigate to the location of the tasks. Students needed to follow those markings in order
to reach the location of the tasks to complete them. However, they sometimes confused
the marks and could not reach the location. Some of the students reported that they did
not notice the marks since they were located on the ground. Therefore, they might have
skipped passed the location of the tasks. Some students mentioned this challenge as;
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CS2-STUDENT5- | had difficulty finding the place of some of them
because what shows the place of that thing is on the ground. Since it is
on the ground and you cannot bend down, you cannot see it.

CS2-STUDENTS- Bazilarimin yerini bulmakta sikinti ¢ektim. Crinkii
onun yerini gosteren sey yerde. Yerde olunca egilemedigin icin de
goremiyorsun.

Grasping the tasks was seen as another type of challenge for three of the students. It
was hard for the students to grasp what and how to perform the tasks for the first time.
Sometimes, their mind was confused; however, after a while, they understood the task.
CS2-STUDENTT1 highlighted this problem as, “I had difficulty at first, and then I
started to understand them when | examined the papers for a while.” The last challenge
stated by two of the students of this case was the difficulty level of the tasks. They
argued that the level of tasks sometimes could be very difficult and that it was not

possible to do them by thinking them over;

CS2-STUDENTY - For example, you think “How can it be possible?”
But sometimes it could be so hard that you cannot find it by thinking
about it, and you think of these things etc.

CS2-STUDENTY - Mesela diistintiyorsun bu nasil olabilir. Ama bazen
diistintince  bulunulmayacak kadar zor olabiliyordu, iste sey
diistintiyorsun iste boyle falan.

4.4.3 Case-3: After-School Program
3D environment

Students of this case encountered three kinds of challenge related to the 3D
environment. Camera control, watching help videos, and changing structure of the
environment were the challenges defined by different students in this case. For
example, CS3-STUDENT1 complained that, “Codes on the object were removed
which I could not understand, so | saved the code again.” Not being able to watch help
videos was another challenge encountered by one student, with CS3-STUDENT®6
complaining that it was not possible to watch help videos. The other challenge
mentioned was about control camera, with CS3-STUDENT3 highlighting this problem

as, “I was unable to see anything when I was driving the car.”
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Equipment and infrastructure

Challenges related to this sub-theme stated by the students of this case could be listed
as; computer freeze, shutdown, and network issues. Four of the students mentioned
about the computer freeze or shutdown problem. Although the computers were high
capabilities in this case, they were sometimes still inadequate to respond to the requests
of the students. CS3-STUDENT3 mentioned this problem as, “The computer froze

sometimes.”

The other challenge stated by three of the students was about the network.
Connectivity problems with the network occurred due to various reasons in this case.
Network connection was sometimes either off or slow. During these times, the students
could not logon to the OpenSim server and had to wait for a while. CS3-STUDENT®6
commented about this as, “Network connection seemed to be off sometimes, but it was

on again later.”

Tasks

Results revealed only one type of challenge in this case, which was the grasping of the
tasks. Two of the students encountered difficulty in grasping the tasks in this case.
There were some terms such as specifying the coordinate axes (X, Y, or Z) in the tasks.
When students did not understand these terms, they were unable to grasp the tasks. For
example, CS3-STUDENT®6 claimed that the story of one task made no sense to her
and that she therefore had difficulty in grasping it;

CS3-STUDENT®6- Just one of them [the stories] seemed a bit illogical
to me. About how the carrousel would turn. The story of the carrousel
felt a bit different.

CS3-STUDENTG6- Sadece bir tanesi [hikaye] biraz mantiksiz geldi.
Atlikarincanmin nasil donecegiyle ilgili. Atlikarincanin biraz da olsa

hikayesi farkl geldi
4.4.4 Cross-Case Analysis

Challenges encountered were varied across the cases. Emerging codes were
categorized under three sub-themes. Challenges related to the 3D environment was the
first sub-theme; which consisted of six categories that varied in each case. Frequency

of challenges across the cases are presented in Table 4.19. As can be seen from
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Table 4.19, there were not so much mutual challenges for this category encountered
across all three cases. There could be various factors causing the challenges. However,
they may not have emerged when the conditions were appropriate or they may not be
realized and perceived as a challenge by the students. For example, students of Case-
1 mostly preferred not to watch help videos, preferring to seek help from their teacher;
thus, they did not encounter such a challenge. Challenges in this category were
generally dependent on the context and setting and stated by a student, and so it may

not be accurate to attempt to compare them across the three cases.

Table 4.19 — Frequencies of Challenges across the Cases

Case-1 Case-2 Case-3
n % n % n %
3D environment
Watching help videos - - 5 50 1 17
Controlling the camera - - 1 10 1 17
Changing structure of the environment - - 1 10 1 17
Avatar-related problems 1 14 2 20 - -
Misuse of the environment 1 14 1 10 - -
Taking objects - - 2 20 - -
Equipment and Infrastructure
Computer freeze / shutdown 6 86 3 30 4 67
Network issues - - 5 50 3 50
Other issues 2 29 1 10 - -
Tasks
Grasping the tasks 1 14 3 30 2 33
Reaching the location of the tasks 3 43 4 40 - -
Difficulty of tasks 2 29 2 20 - -

Equipment and infrastructure in the setting varied for each case. For example, the
equipment and infrastructure at the school used in Case-1 was significantly poor. There
was no Internet connection at the school, the computers were old and the computer

laboratory was located in a basement of the school. Because of these reasons, students
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were invited to complete the second part of the study in the laboratory of the
university’s CEIT department. Although the equipment and infrastructure of the other
cases were better organized, there were still similar challenges faced in those cases. In
fact, the challenges related to the equipment and infrastructure were inevitable
regardless of the case. Computers freezing or shutting down unexpectedly was the
mutual challenge faced across all three cases. It was not possible to maintain an
OpensSim server as well as having ready to use computers continuously. The important
point was to somehow overcome the challenges in somehow. Electricity, lighting and

others challenges were particular to the settings of each case.

The last sub-theme related to the tasks. At least one student from each case experienced
challenges regarding the tasks since they could just not grasp them. Some tasks, their
stories or terms used in the tasks did not make sense to some of the students, and those
students therefore had difficulty in grasping the tasks. Therefore, tasks should be
ensured that they are comprehensible to all students. The other challenges stated by
the students of Case-1 and Case-2 were to reach the location of tasks and the difficulty
level of the tasks. Some students in these two cases were poorly motivated in tackling
the tasks. When left unattended, they would move around the environment randomly.
They might have ignored or bypassed the hallmarks or might have not paid attention
as much as the others had done. The teacher of Case-2 highlighted this problem,
claiming that the students wandered around the environment and would explore it, but
the teacher needed to also follow the timetable. However, it was hard for the teacher
due to the high number of students and their diversified abilities as computer users.
Students are heterogeneous; while some of them could finish activities on time, others
might need considerable help or fall behind the activities completed by the other
students. It was difficult for the teacher to keep all of the students in scope of the topic
sometimes due to these reasons. On the other hand, students of this last case were less
in number that the other cases, and were more motivated. It was also possible for the

teacher to keep the lower number of students within the scope of the lesson;
INTERVIEWER- What are the negative sides of virtual worlds?
CS2-TEACHER- ... Negative sides are like this; yes the kids spend too

much time on exploring new features in the environment or on
exploring the environment on their own. I think there is a disadvantage
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here; I wish we could work with smaller groups and the readiness level
of the students were the same because our group consists of 24
students. And 24 out of 24 students are not capable of [using]
computers at the same level. Some of them explore things too fast and
go on with the task, finish the task and get bored or they want to do
something different. And some of them are left behind, they cannot
understand the purpose, they get stuck on different things until the
teacher helps them out. Therefore, yes, this might be the most
important disadvantage of the virtual world. | think that this
disintegration would decrease and it would reduce the negative sides
of it, if smaller groups with students with similar knowledge levels
created and if the teacher could reach the students more quickly.

INTERVIEWER- Sanal ortamlarin olumsuz yonleri sizce neler?

CS2-TEACHER- ... Olumsuz da soyle; evet ¢ocuklar ortamdaki farkl
ozellikleri kegfetmek icin ya da ortami kendi basina bir kesfetmek i¢in
¢ok fazla zaman kaybediyor. Burada dezavantaj bence séyle de bir sey
var; daha kiigiik gruplarla ¢alisilsa ve ogrencilerin hazir bulunusluk
seviyesi ayni olsa. Ciinkii bizim grubumuz 24 6grenciden olusuyor|[ve
buj24 ogrencinin 24’ de ayni seviyede bilgisayar karsisinda
vetkinlige sahip degiller. Kimisi ¢cok hizli kesfediyor ve goreve gegiyor,
gorevi bitiriyor sikilryor ya da baska seyler yapmak istiyor. Kimisi de
geri kaliyor, olayr anlayamiyor, 6gretmen ona yardimci olabilene
kadar ki boliimde baska seylere takiliyor. Dolayisiyla, evet, bu sanal
diinyamin en onemli dezavantaj olabilir. Daha kiiciik grupla daha
birbirine yakin bilgi seviyesine sahip 6grencilerle ¢calisilirsa, 6gretmen
daha hizli 6grencilere ulasabilirse bu dagilma azalacaktir diye
diigtiniiyorum, olumsuz yéniinii azaltacaktir diye diigiiniiyorum.

45 Sub RQ - Avatar Issues

Avatar is the graphical representation of users in the 3D environment. Learners interact
with others and travel in the environment through their avatars (Yee, 2006). There
were some avatar options for the students to choose from, as well as a variety of
clothing options for their avatars to wear. Students were free to choose among the
available avatar and clothing options. In this section, firstly, the students’ feelings
about the avatar representation and what kind of changes they made to their own
avatars are elaborated on. Secondly, the purpose of customization in avatars is
addressed. Thirdly, the most- and the least-liked aspects about the avatars are

presented. Finally, the suggestions of students about the avatars are addressed.
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45.1 Case-1: Curricular Program
Avatar Representation and Changes in Avatar

Students were represented by a default avatar when they first logged into the 3D VW
environment. However, they were also then free to change their avatars among a
number of options. They could change their overall avatar, as well as make certain
changes to their look, such as the shape of their body and body parts, color of their
skin and so on. Moreover, there were many clothing options for students to choose for
their avatars, from jackets and trousers to shoes and hats. Students were asked whether
or not they felt that they were well-represented by their avatars in the 3D environment.
Interview results indicated that the most of the students reported that they felt this way.
There was no-one in this case who argued the opposite. Differences among the avatars
in the 3D environment stated by one of the students was the main factor behind this

feeling.

It was investigated what kind of changes in avatars were applied by the students.
Qualitative analysis of the interviews indicated that the students mostly changed their
avatars’ clothing, hair type, skin color and accessories. For example, CS1-STUDENT3
listed the changes of his avatar as, “I changed the skin color ... I put on a cowboy hat
... I wore a jacket.”

Purpose of customization

Participants changed their avatars’ clothing and features from time to time as just
mentioned. The purpose of those changes were investigated through interview
questions. Results indicated that most of the participants (n = 4) in this case changed
their avatars in order to differentiate from those of the other students. Namely, they
would wanted to be unique and wanted others to thereby recognize their avatar. Some
of them (n = 3) changed their avatars’ feature and clothing in order to simulate their
avatars to resemble themselves. CS1-STUDENT7 wanted her avatar to resemble
herself by “inserting a copy of her portrait to the avatar’s face.” The last reason for
changing avatars was that two students disliked the clothing of the default avatar, and
therefore they changed their avatar’s clothing. Of these two female students, one of

them argued of her avatar’s default clothing that, “her clothing was awful.”
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Most- and least-liked things about avatars

The students’ most-liked and least-liked things about their avatars were investigated
via the interview forms. Emerging categories were the humanoid features of avatars,
movement of avatars in the 3D environment, and having different options to customize
the avatars. Of the total students, five of them argued that they liked the movement of
the avatar most. Students could move in the 3D environment by running, flying, or
teleporting. They mentioned that they liked all three types of movement of the avatar
in different styles. The other most-liked aspect about avatars was the humanoid
features. Four students stated that they liked the things about the avatars that made
them look human-like, such as avatar’s sitting, touching, taking something to its hand,
or typing like a human. The last thing stated by one student as the most-liked feature

was being able to dress the avatar as they desired from among the many options.

The least-liked things about the avatar were also investigated. The emerging categories
were style and the slow movement of the avatar. Two students complained that avatars
were too slow while walking somewhere in the 3D environment. Other disliked aspects
were the walking style of avatars. CS1-STUDENT?2 stated that she disliked the

walking style of her avatar;

CS1-STUDENTZ2- You touch something, the avatar draws circles at
that moment while walking. I don'’t like this.

CS1-STUDENT2- Boyle bir seye dokunuyorsunuz, orada béyle
yuvarlak yuvarlak gidiyor hemen. Bu hosuma gitmiyor.

Suggestions about avatars

Students in this case suggested two things about their avatar. The most mentioned
suggestion was that avatars could have supernatural power such as the power of Hulk.
For example, CS1-STUDENT3 suggested about this as;

CS1-STUDENTS3- Sir, | think it would be better if there were super
modes on avatars. If they were not only like normal people. For
example, if [only] they had the power of Hulk or the speed of Flash.

CS1-STUDENT3- Hocam, bence sey olsaydi daha giizel olurdu, béyle
siiper modlar olsaydi avatarda. Tek béyle normal insan gibi
olmasaydi. Mesela Hulk’'un giicii filan olsaydi. Flash’in hizliig
olsaydi.
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Another suggestion related to avatars by a student was that avatars could do routine
things just the same as humans in everyday life such as cooking, eating, holding
something, or laying on a beach. CS1-STUDENT?2 expressed her suggestion as avatars

could do routine tasks such as “cooking, or setting the table.”

452 Case-2: Extra-Curricular Program
Avatar Representation and Changes in Avatar

It was asked whether the students felt that they were well-represented by their avatars
in the 3D environment. Most of the students in this case felt that their avatars were
their 3D representation in the virtual environment. As a foundation for this feeling,
some of them mentioned about being able to customize their avatars. In this way, their
avatars were differentiated to others in the environment and for some, they even

carried some of their own features. For example, one of the students stated:;

INTERVIEWER- And do you think your avatar really represents you in
the virtual world?

CS2-STUDENT2- Yes. It both represents me and | have attributes, I
have some attributes and such, so I think it represents me.

INTERVIEWER- Peki avatarinin seni gercekten sanal diinyada temsil
ettigini diigiintiyor musun?

CS2-STUDENT?2- Evet. Hem temsil ediyor, hem de benim ézelliklerim
var, birkag ozelligim falan vardi, o yiizden bence beni temsil ettigini
diisiiniiyorum.

In contrast to these students, two other students argued that they did not feel they were
represented by their avatars. For example, one argued that he did not think his avatar
represented himself in the virtual environment due to his avatar’s appearance as his
own appearance and his avatar’s were quite different. He explained his feeling about
his avatar as, “I do not think that it represents me. Because my appearance is not as

comical as my avatar’s appearance.”

There were some changes made to the avatars in this case. Students reported that they
mostly changed their avatar’s clothing, body type, hair, skin color and accessories of
their avatars. While some students were changing their avatars a great deal, a few of

the other students (n = 2) ignored the appearance of their avatars. They argued that
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they changed the appearance of their avatar at the beginning, and then never changed
them again. CS2-STUDENT3 said that he ignored the appearance of his avatar;

CS2-STUDENTS3- I did not care how it looked at all. Mine was bald...
Some of them has made really very different things. When it comes to
appearance, they add some hairstyles, | did not care at all. | just chose
one, that is all.

CS2-STUDENT3- Ben hi¢ gériiniistinii umursamadim. Keldi benimki
zaten... Bazilari baya baya degisik seyler yapti. Goriiniim deyince
boyle sag ekliyorlar, ben hi¢ umursamadim. Bir tanesini segtim o
kadar.

Purpose of customization

The purpose of customization was investigated via the interview questions. The results
indicated four reasons for the changes made to the avatars. The most-cited reasons
argued by the six students were to simulate avatars that resembled themselves and their
dislike of the initial clothing of their avatar. The students in this case wanted to
simulate their avatars to resemble themselves as much as possible. One of them
mentioned this as, “I tried to simulate my avatar to look like me; however, I couldn’t
achieve it all that much.” Another stated about the clothing as, “I didn’t like the

clothing, and changed it to some nicer clothing.”

The other reason for changing avatars stated by three students was for the purposes of
differentiation. Students would like their avatars to be recognized in the 3D
environment from those of other students. Thus, they customized their avatars. For
example, CS2-STUDENT?2 argued that he changed his avatar in order for his avatar to

not be confused with others’ avatars;

CS2-STUDENT2- So that it would not be confused with that of anybody
else, or my friend’s.

CS2-STUDENT2- Hem béyle ornegin baskalariyla karismamasi igin,
[veya] arkadasimla karismamasi igin.

The last reason stated by two students was to look funny. Students wanted to attract
their friends’ attention sometimes, and for this they tried to make the shape and feature

of their avatars more funny.
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Most- and least-liked things about avatars

Students’ most- and least-liked things about their avatars were investigated. The most
liked things were having different options, movement, humanoid features and
building. Most of the students (n = 8) in this case stated that what they liked the most
was having many options to customize their avatars. They really liked to choose the
best fitting thing for their avatar among the many options available to them. For
example, while one of the students mentioned that it was possible to change the
appearance as they desired, and another stated that it was possible to choose one item

of clothing among many options and thereby arrange the features of their avatars;

CS2-STUDENT5- You can give whatever clothes and whatever look
you want to give.

CS2-STUDENTT7- The features that I like on my avatar, you can wear
lots of clothes, you can grow in height, and you can add facial effects,
| like these.

CS2-STUDENTS-  Istedigin  kiyafeti  [ve] istedigin  goriiniisii
verebiliyorsun.

CS2-STUDENT7- Avatarimin begendigim ozellikleri, simdi bir siirii
kiyafet giyebiliyordunuz, boy uzatabiliyorsunuz, ondan sonra yiiz efekti
ekleyebiliyorsunuz, hogsuma gitti bunlar.

The other most-liked feature stated by the six students was the movement of their
avatar in different modes in the 3D environment such as flying or teleporting. Another
most-liked aspect stated by three of the students was the humanoid features of the
avatars. Students stated that they appreciated the human-like features of their avatars

such as being able to take an object in their hand, sitting down, typing and so on.

The least-liked things about the avatar were style, the slow movement of the avatar,
and not being able to customize the avatar as much as desired. Four of the students
stated that they least-liked the style of the avatar. For example, one of the students
described the face of the avatar as horrible upon closer inspection. Inability to
customize the avatar as desired was another dislike stated by three of the students.
Although there were many options for customizing the avatars, some students would
like to wear other things apart from those offered to them such as glasses or even a

superman cloak. One of the students mentioned this as;
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INTERVIEWER- Are there any features that you do not like on your
avatar?

CS2-STUDENTS8- When you click on the appearance part, sometimes
not everything is on there. We could not set it the way we liked it.
[Once] we wanted to add glasses [on the avatar] for example, but I
couldn’t find it.

INTERVIEWER- Begenmedigin ozelligi var mi avatarinin?

CS2-STUDENTS8- Goriiniime girdigimizde her seyi olmuyor her
zaman. Istedigimiz gibi tamamen ayarlayamiyorduk. Mesela orada
diyelim ki gozliik ekleyecegiz, onu mesela ben bulamamistim.

The last disliked thing about avatars were their slow movement. Two students

complained about this issue.

Suggestions about avatars

There were three suggestions related to avatars in this case. The most-cited suggestion
was about the avatar’s ability to do routine tasks similar to real life. Half of the students
in this case suggested that their avatar could do things similar to real life, such as
bending and holding on to something, sleeping and so on. CS2-STUDENT9
highlighted his suggestion as, “It would be better if the avatar were able to do routine
tasks of daily life such as sleeping, drinking, and eating.” Another suggestion from
two students in this case differed to Case-1, which was limiting the changes in avatar
to some extent and punishing those who did something wrong. CS2-STUDENT5
suggested that avatar customization should be limited and in this way, the virtual

environment could be safer;

CS2-STUDENT5- But also you could have created a safer
environment. For example some [of the students] would make their
character chubbier etc., | think you could limit them.

CS2-STUDENTS- Ama bir de daha giivenlikli bir ortam yapabilirdiniz.
Mesela bazilar karakterini daha tombul yapiyordu falan onlart bence
stmrlayabilirdinizi.

The last suggestion was about the different modes of movement for the avatars. One
student suggested that there could be different speed modes while navigating through

the environment such as slow, moderate and fast options.
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4.5.3 Case-3: After-School Program
Avatar Representation and Changes in Avatar

Students were asked whether they felt that they were well-represented by their avatars
in the 3D VW environment. Most of the students in this case reported that they felt
this way. Some of the students mentioned that they felt like this since their avatars
carried some of their features. CS3-STUDENT4 expressed his feeling as, “I felt like
that, because it is so similar to me, | tried to make it resemble me.” In this case, there

was only one student who argued an opposing view.

Changes made by the students to their avatars were also investigated. Some changed
some of the features and clothing of their avatars. The results indicated that they mostly
changed their clothing, hair color and style and body type. For example, one of them
changed the shape of his nose. Another students said, “Clothing, body type and length
of skeleton — I changed them several times.”

Purpose of customization

The reasons for making changes in their avatar were investigated in this case as well.
The results revealed three reason types for making changes. Half of the students
(n =3) changed their avatar either to resemble themselves or for the purposes of
differentiation. They wanted for their avatars to have some special features similar to
themselves such as the same hairstyle or same hair color. They also customized their
avatars in order to be unique and therefore to be known by others. One of the students
mentioned that he changed his avatar for simulating himself and for his avatar to be
recognized among others;

CS3-STUDENT4- I''ve designed my avatar specially for myself. 1 did it
so that it would resemble me and | would not confuse it [with others].

CS3-STUDENT4- Avatarimin kendime ozel, kendim icin ozel olarak
bana gore olmasi i¢in ayarladim. Bana benzemesi i¢in, karistirmamam
icin ayarladim.

The last reason stated by one student was to look funny. CS3-STUDENT2 expressed
that “We changed our avatars to look funny; we were changing their shape to look fat,
and simulating their eyes to the eyes of Spiderman.”
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Most- and least-liked things about avatars

Students’ most-liked and least-liked things were investigated for this case, as well. The
emerging categories for the most-liked things were having different options to
customize and the movement of avatars. Most of the students in this case (n =5)
argued that they liked having so many clothing options for their avatars the most.
Another most-liked feature stated by two of the students was the movement of the

avatar in its different modes.

Emerging categories for the least-liked things about avatars were being unable to
customize it as desired, and the slow movement and style of the avatars. It was difficult
for a few of the students to change the avatar and its clothing. For example, one of
them mentioned that the avatar’s hair color could change when something wrong was
done in the program. Slow movement and the appearance of looking cross-eyed were

the other least-liked things stated by one of the students.

Suggestions about avatars

There were two suggestions made about the avatar from this case. The first suggestion
was that avatars could be made to perform routine tasks. One student suggested that it
should be possible for an avatar to sleep and wake up, or sing a song. The other
suggestion stated by one student was that there could be more clothing options for

dressing avatars.

4.5.4 Cross-Case Analysis

Cross—case analysis of the three cases revealed some differences and similarities
among the cases. The emerging sub-themes and codes in regards to avatar issues, and

their frequencies are presented in Table 4.20, and elaborated on in this section.

First emerging sub-theme was about representation by an avatar and the changes that
could be made to avatars. According to the results, most of the students in each case
felt that they were represented by their avatars in the 3D VW environment. However,
a few students from Case-2 and Case-3 argued the opposite to this feeling. The
argument of those students were similar to those who felt that they were represented
with avatars. Students argued that customizing appearance, differentiation from other

avatars in 3D environment, and the fact that avatars carried some of the features of the
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students were the main factors behind this feeling. The features changed for avatars by
the students were similar to some extent across the cases. Students from all three cases
changed the clothing and hair of their avatars. However, only a few of the students of
Case-2 and Case-3 changed the avatar’s body type, while only one student in Case-1

and Case-2 changed the skin color and accessories.

Table 4.20 — Frequencies of Avatar Issues across the Cases

Case-1 Case-2 Case-3
n % n % n %

Purpose of Customization

Simulating to resemble themselves 3 43 6 60 3 50
Differentiating from others 4 57 3 30 3 50
Disliking avatar clothing 2 29 6 60 - -
To look funny - 2 20 1 17
Most-Liked Things about Avatar
Different options to customize 1 14 8 80 5 83
Movement (running, flying, teleporting) 5 71 6 60 2 33
Humanoid features 4 57 3 30 - -
Least-Liked Things about Avatar
Style / appearance 2 29 4 40 1 17
Slow movement 2 29 2 20 1 17
Inability to customize as desired - - 3 30 2 33

The purpose of customization of avatars was the other issue investigated. The mutual
reasons for changes to avatars across the three cases were to simulate avatars in order
to resemble themselves, and for the purposes of differentiation from other avatars. The
only reason not mentioned by the students of Case-1 was to be funny. This might be
due to the reason that the settings in Case-1 were more formal than the other two cases.
Although the students of Case-3 changed their avatars’ clothing due to a dislike of the

appearance, it was not mentioned as a reason to apply changes to the avatar.

The most- and least-liked things about avatars were the other issue investigated.

Emerging categories were mostly similar among the cases. Movement of the avatars
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in different modes and having different options to customize an avatar were stated by
the students of all three cases as the most-liked thing about them. Only the humanoid
features of avatars were not stated by the students of Case-3, although it was stated by
the students of both Case-1 and Case-2 as the most-liked aspect. It seems that students
in Case-3 did not care about the human-like features of the avatars. Style and the slow
movement of avatars were stated by the students of all three cases as the least-liked
aspect. Some students of both Case-2 and Case-3 reported that they disliked not being
able to customize their avatars as much as they desired. No students from Case-1 stated
the same issue though. Students in both Case-2 and Case-3 would like to have had
more options for customizing their avatars than the students of Case-1. In addition, the

students of Case-1 seemed to be glad of the options to customize their avatars.

Students’ suggestions about the avatars were similar in terms of the avatar’s ability to
perform routine tasks that were similar to real life. Half of the students suggested this
issue in Case-2, while only one student suggested this in the other cases. Different
from both Case-1 and Case-3, the students of Case-2 suggested limiting changes in
avatars and having multiple movement modes (i.e. slow, fast) for avatars. On the other
hand, only the students of Case-1 suggested that avatars could have additional
supernatural powers, such as the power of the Hulk or the speed of the Phantom. The
only suggestion made by students in Case-3 that were different from the other cases
was more extensive clothing options for avatars. Some students, especially females,

cared about the appearance of their avatars more than the others did.

4.6 Sub RQ - Group Issues and Strategies

Studying with peers is an important issue in programming education for children
(Resnick & Siegel, 2016). In the current study, the students were paired with a friend
who was generally sitting next to them. Pairs worked in separate regions in the virtual
world and needed to complete their own assigned tasks. Students were encouraged to
study in groups by using the opportunities of both the virtual and the physical
environment. Only one student in Case-2 completed the tasks fully alone. In this
section, the students’ preferences to study with a pair or alone and their ideas related
to the number of members in groups are addressed. Then, the forms of help available

between group members and the rapport and problems among group members is
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elaborated on. Lastly, the issue of how to select group members and the similarity of
tasks between group members is addressed in the last part of this section.

4.6.1 Case-1: Curricular Program
Group Study

Students were paired up in order to study with and receive help from each other. The
preferences of the students and the reasons behind their preference were sought as to
whether they preferred to study alone or with a peer. It was also investigated about the
potential number of members in each group. In this case, there was only one student
who preferred to study alone rather than in a group. This student argued that studying
in a group was useless and he would prefer not to get help from anyone;

INTERVIEWER- Why do you want to work alone?

CS1-STUDENTS3- Not because I do not like my teammate, | like doing
it without getting help, working on things on my own more. And it is
not any better when we have a teammate.

INTERVIEWER- Sen neden yalniz ¢alismak istiyorsun?

CS1-STUDENT3- Takim arkadasimi sevmedigimden degil, ben béyle
yardim almadan yapmayt, kendim ugrasmay: daha ¢ok seviyorum. Bir
de takim arkadasimiz olunca bir ise yaramiyor ki.

Other students (n =5) generally preferred to study within a group. However, one
student preferred to study both alone and in a group, arguing that this situation never
bothered him. Similar to this student’s idea, the teacher of this case argued that both
were helpful according to a student’s own preference. It should be the students’ choice
to study in either a group or alone. She argued that students who preferred to study
alone could be negatively affected when forced to study in groups. On the contrary,
she thought that the performance of students who preferred studying in a group

increased;

CS1-TEACHER- Both of them have been beneficial... There were the
ones who wanted to be a group and who did not. I think it has had a
negative effect on the ones who did not want to be a group when they
were made one. But still they completed their tasks in the virtual
world... I believe the students who wanted to make a group have given
a better performance in virtual environment.
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CS1-TEACHER- kisi de faydali oldu... Simdi grup olmak isteyenler
vard, istemeyenler vardi. Istemeyenlerin grup olmasi onlart olumsuz
etkiledi diye diistiniiyorum. Ama sanal ortamda yine gérevleri yerine
getirdiler... Grup olmak isteyen 6grenciler de sanal ortamda daha iyi
bir performans sergiledi diye diistintiyorum.

The reasons behind students’ preference for studying in a group were that studying in
a group were more enjoyable and cooperative. Students received help on the 3D
environment from each other, and it was easier to therefore perform the tasks. More
information about the forms of help is presented in the next part.

There were two students in each group in the current study. Students’ preferences
about the number of group members were investigated. Of the total students in this
case, four of them stated that it would be more than two such as three, four, or six. In
contrast to the students, the teacher of this case stated that two-person groups were the
most appropriate because it would be hard to draw attention of students to the lesson

when there were more than two students working in the virtual environment;

INTERVIEWER- What is your opinion on the number of students in
groups?

CS1-TEACHER- I think 2 [students in a group] is fine. When there are
more than that, | feel that the kids get distracted. | mean that when
there are 3 people, it goes as ‘I have hit you,” or they become more
focused on wandering on the environment or writing and sending
messages to each other. They start doing stuff apart from the task. But
if there were 2 people [in the group], I think that they would directly
complete the tasks.

INTERVIEWER- Gruptaki kisi sayisi konusunda ne diistintiyorsunuz?

CS1-TEACHER- Bence 2 iyi yani. Daha fazla olursa ¢ocuklarin dikkati
dagilyyor gibi diistiniiyorum. Yani 3 kisi olsa mesela iste sana ¢arptim
gibi, yani direkt ortamda gezinme odakl oluyor ya da ona iste yazma,
mesaj yazma farkli oluyor. Gorev dist faaliyetler oluyor. Ama 2 kisi
olsa direkt gorevi yerine getirme olur diye diistiniiyorum.

Forms of Help

Group members helped each other in many ways. Forms of help between teammates
were investigated via the interview form. Results revealed that they could be
categorized in three ways. The first form was to help each other related to tasks. Four
of the students stated that they received help from their teammates in terms of how to
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perform tasks in the environment. For example, one of the students helped his
teammate with how to take cars since his friend was unable to do that, and CS1-
STUDENT®6 described the form of help in this category as, “Your friend helps you

when you could not do the task.”

Another category was to help each other related to issues with the 3D environment.
Two of the students argued that they received help from their teammate with such
issues. While one of them helped his friend with how to take an object to his inventory,
another student helped her friend since she was confused with the direction of objects

in the 3D environment.

The last sub-theme was to help each other in terms of how to create code in S40S.
Some of the students had difficulty in creating code in S40S, and their teammates
were helping them with this. One student argued that he helped his teammate in terms
of how to create code on S40S and showed the code he had built in helping his

teammate;

CS1-STUDENT1- When my friend could not do something, if I could
do it, I would show him/her how to do it and the code. We would do it
according to the task he/she was supposed to complete.

CS1-STUDENT1- Arkadasim bir seyi yapamiyordu, nasil yapacagini,
yapamadigr yerlerde bazi yerleri ben yapabildiysem o kodlari
gosteriyordum. Onun yapacagi goreve gore yapiyorduk.

Rapport and Teammate Problems

Having a good rapport with teammate is a general requirement when working on group
studies. Students were asked whether or not they had rapport with their teammate. The
problems they had were also investigated via the interview questions. Of the total
students, only four reported on this issue. The results indicated that three students had
good rapport with their teammate, while only one student reported that he had a rapport
with his teammate other than when doing a task. Problematic issues were the potential
to damage a peer’s task in which they used the same names in their code for special
situations such as broadcasting names. This caused interference for the students’ code.
CS1-STUDENTS3 explained this problematic issue as, “When | touch my own button,

my friend’s box was moving.”
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The major problem stated by four students was about completing tasks in a different
duration. While some students were completing the tasks fast, others were completing
them much slower. This was generally a problem when students studying in different
speed modes were paired. For example, CS1-STUDENT?7 explained the problem she

had with her teammate as;

CS1-STUDENTT7- I have experienced [the same thing] with Irem. ...
because she was supposed to wait for me as a teammate. Otherwise we
would not be able to complete any tasks. She was doing it a bit faster.
But I'was doing it slowly so that I could understand it, ... She was going
too fast.

CS1-STUDENTT7- Ben de Irem le yasamistim. ... Ciinkii beni beklemesi
gerekiyordu takim arkadasi olarak. Yoksa hi¢bir gorevi bitiremezdik.
O biraz hizli yapryordu. Ama ben yavas yapiyordum ki anlayim, ... O
cok hizli gidiyordu.

Pair Assignment

Defining group members is an important strategy for the effectiveness of a group study
and for the members to study with a good level of rapport. Participants’ ideas were
sought via the interview questions on this issue. The results indicated two categories
of preference for this sub-theme; according to gender and students’ wishes. According
to students’ wishes was the most-cited preference. Of the total students, two stated that
they could define their own group members according to their wishes. CS1-
STUDENT3 commented on this as, “It would be better to be matched with the one |
want.” Another strategy mentioned by one of the students was that it could be
according to gender of group members, namely that girls should be grouped with girls
and boys should be grouped with boys.

Similarity of Tasks between Group Members

There were 24 tasks completed by groups working together. Although the four tasks
were exactly the same, others were differed at some point. For example, in one of the
tasks, while one of the peers was programming an object to make a seven-stepped
ladder, the other teammate was programming an object to make a ten-stepped ladder.
Students’ ideas were sought for this issue on whether or not the tasks should be
completely the same or different in some way. The participants of this case thought

that the tasks could be same and different to the same ratio. While half of the students
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(n = 3) stated that tasks should be same for teammates, the others (n = 3) stated that
they should be different for teammates. For example, CS1-STUDENT6 commented
that, “They should be the same because my teammate will help me when | can’t do
that task.” Another participant stated that, “Tasks should be different. If they are the
same, during doing my task, | could see the code of my friend while he was doing it;
perhaps | will try to cheat from him. However, when they were different, we will each
try to do them at the same time.” One of the participants stated another important issue;
CS1-STUDENTY thought that they should be same at some points, but should be

different at some points;

CS1-STUDENTT7- I think they should have been same when it was the
right time, and sometimes different, | mean we could do the different
[tasks] during the easy parts, and same tasks in the difficult parts.

CS1-STUDENTY- Yeri geldiginde ayni olmasi gerekiyordu bence, yeri
geldiginde de farkli olsayd, yani kolay yerlerde farkli yapsaydik, zor
yerlerde ayni olsayd.

4.6.2 Case-2: Extra-Curricular Program
Group Study

Only one student in this case studied alone, rather than in a pair. When his preference
was sought, he argued that he would simply prefer to study alone. The rationale behind
his preference was that dealing with others could be difficult at times if he studied with
a peer such as some with undesirable behaviors. He also added that completing tasks

was faster when he was alone;

INTERVIEWER- Were you always alone?
CS2-STUDENTS8- Uh-huh.

INTERVIEWER- So I will ask my question like this; would you prefer
working as a team or working alone?

CS2-STUDENTS- Alone, because in teams something unexpected can
happen, we may not get along with others and for example we can go
faster when we are alone. When you are waiting for your teammate to
do [something], it might take you too long to go on with the next task.
We can be faster when we are alone.

INTERVIEWER- Sen yalniz myydin hep?
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CS2-STUDENTS8- Hi-h.

INTERVIEWER- Peki sorum soyle soruyorum; takimla mi ¢alismayt
tercih ederdin, yoksa yalniz olarak mi ¢alismayr mi?

CS2-STUDENTS- Yalniz. Ciinkii bazen takimda istemeyeceginiz seyler
olabiliyor, baskalariyla anlasamayabiliyoruz ve mesela tek kisi
oldugunuzda biraz daha hizli gidebiliriz. Diger takim arkadagimizin
yapmasint beklerken diger goreve ge¢meniz uzun stirebilir. Tek kisi
olunca daha hizli yapabiliyoruz.

Only one student mentioned that he would prefer both situations. She stated that both
situations were good for herself, whilst most of the students (n = 8) generally preferred
to study in groups. They discussed things with each other in order to complete the tasks
and other topics. One of them learned how to be more social with his friends thanks to
VWs. Students understood tasks better and completed the tasks easier when studying
in a group. Moreover, studying in a group enabled the students to learn from their
peers. The teacher of this case also emphasized the importance of group study since it

was easier for students to learn from each other;

INTERVIEWER- Do you think it is better to be a team or should it be
individual?

CS2-TEACHER- It is good that we are [working as] teams because |
believe peer learning is significant especially during the usage of
information technology tools. It is easier for them to learn this sort of
things from each other. That is, sometimes they feel shy about asking
the teacher about something or the teacher may not reach everyone,
24 people in crowded groups like ours, at the same time. In these cases
group work helps us a lot.

INTERVIEWER- Sizce takim olmasi iyi mi, yoksa bireysel mi olmali?

CS2-TEACHER- Takim olmast iyi.. Ciinkii akran o&gretimi bence
ozellikle bilisim teknoloji araglarimin kullamimi siwrasinda akran
ogretiminin ~ onemli  oldugunu  diisiiniiyorum.  Birbirlerinden
ogrenmeleri daha kolay boyle seyleri. Yani, bazen ogretmene sormak
konusunda cekiniyorlar ya da 6gretmen bizim gibi kalabalik gruplarda
24 kisiye aym anda iste ulasamayabiliyor. Boyle durumlarda grup
calismasinin ¢ok faydasini goriiyoruz.

Possible number of members in a group was asked to the students. While six students
and the teacher of this case stated that the number of students in groups would ideally

be two, two other students stated it should be more than two. The ones who preferred
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two-membered groups defended their decision saying more than two would be too
crowded and chaotic, more difficult to control and communicate with each group
member. Those who stated it should be more than two could not define a logical reason
to their decision. For example, CS2-STUDENT2 commented on the two-membered

group preference as;

INTERVIEWER- You were 2 people [students] in the group. What do
you think about this?

CS2-STUDENT2- | think 2 was the best of all because it was easier to
communicate with him/her. If there were 3 people, you would be
supposed to talk to both of the people and that would be a bit difficult.
So I think 2 people were fine.

INTERVIEWER- Peki grupta 2 kisiydiniz. Bu konuda ne diyorsun?

CS2-STUDENT2- Bence 2 en iyisiydi. Ciinkii onunla daha kolay
iletisim oldu, 3 kisi olsa hem ona, hem ona anlatmak zorunda olurdun,
o biraz zor olurdu. O yiizden 2 kisi bence iyiydi.

Forms of Help

Forms of help in this case could be categorized under three sub-themes; help related
to tasks, help related to the 3D environment, and help related to S40S. The first was
about helping each other related to tasks. Most of the participants (n = 7) argued that
they helped each other with issues. For example, CS2-STUDENT1 declared that she
received help from her teammate on how to complete tasks since she was absent during

the first week of the club;

CS2-STUDENT1- | was a bit late in the beginning. So | did not
understand anything about the first task. Then teammate helped me and
because he said ‘You are going to click on this box and do this and
that,’ | started not to have problems after that.

CS2-STUDENT1- Ben ilk basta biraz ge¢ kalmistim. O yiizden 1.
gorevden hi¢bir sey anlamadim. Sonra takim arkadasim bana yardim
etti, su kutuya tiklayp iste sunlart yapacaksin falan dedigi i¢in sonra
zorlanmamaya basladim.

Other emerging sub-themes in this case was help related to the 3D environment itself.
Half of the students (n = 5) argued that they received help with such issues. Help was

generally about getting objects, opening help videos, bringing the teammate to the
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right location and finding the location of tasks. For example, CS2-STUDENT1 helped
her friend by teleporting him next to her when he was lost in the 3D environment;

CS2-STUDENT1- For example once, my friend had got lost in the
ocean. When I told him/her ‘Come towards me’ by clicking on his/her
avatar, S/he came towards me.

CS2-STUDENT1- Mesela arkadasim bir keresinde okyanusun iginde

kaybolmustu. Ben onun avatarinin tistiine tiklayarak benim yanima gel

falan dedigim igin benim yanima gelmisti.
The last sub-theme was to help peers with their code and S40S. Of the total
participants, three of them argued that they helped each other with these issues. They
were generally showing each other code blocks, the place of the code on S40S and
giving ideas about the code. CS2-STUDENTS5 highlighted this form of help as, “When
I could not find the accurate code on S40S, my friend showed me the code and

suggested where to place the code on some occasions.”

Rapport and teammate problems

Most of the students (n = 9) reported that they had good rapport with their teammates
throughout the study. Only one student argued that he did not have good rapport with
his teammate sometimes. CS2-STUDENT4 highlighted the problem with his

teammate as;

INTERVIEWER- Did you work with your friends in a harmonious way,
did you have problems?

CS2-STUDENTA4- | worked in an harmonious way. | did not have many
problems. But sometimes s/he made problems for me.

INTERVIEWER- For example?

CS2-STUDENT4- For example during the task s/he clicked on my item
by accident, we programmed them at the same time, so it became a
problem for his/her own item.

INTERVIEWER- Arkadasinizla wyumlu c¢alisabildiniz mi, sorun
yvasadiniz mi?

CS2-STUDENT4- Ben ¢alistim. Cok sorun yasamadim. Ama bazen
onun bana sorun yagattigi oldu.

INTERVIEWER- Ne gibi?
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CS2-STUDENTA4- Mesela gérevi yaparken o da yanlislikla benim
malzememe tikladi, aynmi anda programladik kendi malzemesi yerine
sorun oldu o da.

Another potential problem stated by one student was the possibility of causing
problems when working in a group. The student had worked alone throughout the
study in the 3D environment. Surprisingly, he thought that there would be the potential
for disagreements between members of the group in certain situations; adding that it
would be possible to complete the tasks at your own pace without waiting for the friend

to complete;

CS2-STUDENTS8- Sometimes things that you do not want to happen
can happen in teams, for example we might not get along with others,
we say things such as ‘We will do this there, we will do that there’ or
for instance one says You should turn right, ’ the other one says ‘You
should turn left.” If we cannot agree on that part, there might be a
problem. And for instance when you are working alone, you can go a
bit faster. It might take you long to move on to the next task. We can do
it faster when we work individually.

CS2-STUDENTS- bazen takimda istemeyeceginiz seyler olabiliyor,
baskalariyla anlasamayabiliyoruz mesela orada séyle yapacagiz,
boyle yapacagiz, mesela digeri saga donmelisin, digeri de sola
donmelisin, orada anlasamazsak belki sorun olabilir. Bir de mesela tek
kisi oldugunuzda biraz daha hizli gidebiliriz. Diger takim
arkadagimizin  yapmasini beklerken diger goéreve ge¢cmeniz uzun
stirebilir. Tek kisi olunca daha hizli yapabiliyoruz.

Pair Assignment

Participants of this case explained their ideas about the preferences of choosing group
members. Emerging categories for this sub-theme were that students would like to be
grouped according to their wishes, or gender. Of the total participants, most of them
(n=7) argued that defining group members should be according to the group
member’s wishes. They usually preferred to be grouped with someone they either
recognized or would like to be with. For example, CS2-STUDENT?2 commented about
his teammate as, “Being able to choose my teammate was better for me because he
was both my best friend and sat next to me.”

Another important strategy about pair assignment stated by one of the female students
was that team members could be assigned according to gender. She mentioned that she

would like to be grouped with a female although most of the class consisted of males.
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The teacher of this case mentioned another important strategy in defining group
members. She explained that students should be grouped according to level of self-
confidence in computer usage. In this way, groups would consist of one member with
high and one member with low confidence with computers; making it possible for one

to encourage the other;

INTERVIEWER- And how do you think you should determine the
members of the groups?

CS2-TEACHER- Instead of 2 students that have the same level, we
should put 2 students one of whom is a bit better and one of whom is
shy about certain things together. I mean | do not call this situation as
‘successful / unsuccessful,” in fact that shy kid might be successful as
well. But s/he might not have enough self-confidence to show it. So s/he
must be matched with a student that can encourage or motivate this
kid. In programming, more precisely in front of the computer, it is very
important for a kid to feel secure. Because some of the kids are afraid
of the machines, they think ‘I will do something wrong’ or ‘If I click on
here, this will happen ... I think a braver student must be sitting next
to that kid.

INTERVIEWER- Peki grup tiyelerini belirleme nasil olmali sizce?

CS2-TEACHER- Yani grup iiyelerini belirleme 2 tane ayni diizeyi bilen
yerine, biraz daha iyiyle belli konularda ¢ekingen davranmay: tercih
eden ¢ocugu bir araya getirmek seklinde olmali. Yani basarili-
basarisiz demiyorum buna, ashinda o ¢ekingen davranan ¢ocuk da
basarili olabilir belki. Ama onu gostermek konusunda ok yeteri
giiveni yoktur kendine. O yiizden onu hareketlendirecek, ona giiven
verecek c¢ocukla eslestirmek lazim. Programlamada, yani daha
dogrusu bilgisayar basinda ¢ocugun kendini giivende hissetmesi ¢ok
onemli. Korkuyor ¢iinkii bazi ¢ocuklar makineden, yani yanlig bir sey
yvapacagim, simdi buraya basarsam su olur... Onun yanina cesaretli
bir ¢ocugu oturtmak gerekiyor diye diistiniiyorum.

Similarity of Tasks between Group Members

Most of the participants (n = 7) emphasized that the tasks should be different. For
example, CS2-STUDENT9 highlighted that he learned other things due to the
differences between tasks while helping his friend. In another case, he would perhaps

not learn anything new other than what he learned during his own task;

CS2-STUDENT9- | think it is better that [they] were different. For
example one of our friends could not do it, I did it, then | taught him/her
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[how it should be done] by using my own knowledge. When they are
different, I learn a few things, too.

CS2-STUDENTO9- Bence farkli olmast daha iyiydi. Ciinkii mesela iste
arkadasimiz yapamiyordu, ben yapmistim, sonra kendi bilgilerimden
yvola ¢ikarak ona ogretiyordum. Farkll olunca ben de ogreniyorum
mesela birkag sey.

In contrast to these students, some (n = 3) stated that tasks should be the same for each
person. On this issue, for example, CS2-STUDENT?1 highlighted her rationale as, “It
would better when the tasks are the same because then we are in the same group.”
Moreover, two of the participants in this case pointed out an issue related to the tasks
of pairs. Although two different users theoretically could code the same object in the
3D environment, it was not possible to do that practically. CS2-STUDENTS5 pointed
out this issue as he would like to code the same object with his peer rather than

programming separate objects;

CS2-STUDENTS5- When there are 2 people [in the team] there is no
problem, [but] they both should code the same object together because
when someone puts something on there, only the owner can code it.
For example only the people that the owner lets should be able to code.
For instance | looked on there, there were something like the owner
was permitting however it was very complicated... 1 could not
understand it.

CS2-STUDENTS- 2 kisi sorun olmuyor da, ikisi de ayni objeyi
kodlayabilsin Ciinkii birisi bir sey koydugunda onu sadece sahibi olan
kisi kodlayabiliyor. Mesela herkes kodlayabilsin ama, sahibinin izin
verebildigi kisiler. Orada ben baktim mesela, bdyle sahibinin izin
verme bir seyleri vardi da boyle ¢ok karisikti... Ben onu anlayamadim.

4.6.3 Case-3: After-School Program
Group Study

The ideas of students in this case about group study were investigated, as well. In this
case, only one student would prefer to study alone. CS3-STUDENT?5 stated that, “It
causes too much of a clash among team members because | generally don’t like the
ideas of everyone.” Most of the students (n = 5) would preferred to study along with
their peers. The students thought that it was easier and more enjoyable when they
studied with their peers. For example, CS3-STUDENT?2 argued that he completed the

tasks with his teammate both in an easier and more fun way.
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Their preferences about the number of group members were investigated. Of the total
students, three stated that the number of group members should be two. These students
listed the reasons of their choice as it could be confusing and more chaotic when the
number was exceeded two. Only two of the students stated that it should be more than

two.

Forms of Help

The emerging sub-themes of this case were similar to those that emerged in the other
cases, but with different frequencies. The first form of help was about the tasks, as
stated by two of the participants who helped each other for most of the tasks. The
second form of help was about the issues associated with the 3D environment, which
was stated by two of the participants. Help related to the 3D environment was about

the use of function in the environment such as how to teleport and how to place objects.

The last form of help was with regard to the code and S40S, which was stated by two
of the students, and focused on how to build code blocks on S40S, and how to
configure a code block. For example, CS3-STUDENT4 received help from his

teammate on how to build code blocks since he had difficulty building them himself;

CS3-STUDENT4- S/he helped me with programming on Scratch. For
example s/he helped me put the boxes in the right places. I could not
do some of them but | was able to, when s/he helped me.

CS3-STUDENT4- O Scratch’te programlama isine yardim etti. Mesela
o kutucuklart dogru yere koymama yardim etti. Bazilarini
yapamiyordum ama, o yardim edince yaptim.

Rapport and teammate problems

Most of the students (n = 4) reported that they had good rapport with their teammates.
Although the students of this case did not know each other before the course, it did not
take them much time to build up a good rapport with each other. CS3-STUDENT1

explained this situation as;

INTERVIEWER- And, did you get on well with your teammate?

CS3-STUDENT1- I tried to get to know him/her at first, and then s/he
made a little joke to me, then we became very good friends.
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INTERVIEWER- Peki takim arkadasinla anlasabildin mi?

CS3-STUDENT1- En basta onu tamimak igin ugrastim da, sonradan
kiigtik bir saka yapti bana, sonra acayip iyi arkadas olduk.

Two of the students reported that they did not have a good rapport with their teammate
in some situations. They experienced some problems between teammates such as
damaging the completed task of their peer or distracting the teammate sometimes so
that they could not focus on their tasks. Among them, distracting the peer was seen as
the most problematic. Drawing students’ attention toward the lesson was hard
sometimes due to such kinds of student behaviors. Other problems stated by two of
the students was damaging things by mistake. For example, CS3-STUDENT6
addressed this problem as, “She damaged what | had already done while she was trying

to help me.”

Pair Assignment

Issues and strategies stated by the students in this case about defining group members
were similar to those in the other two cases. Half of the participants (n = 3) stated that
they could be grouped according to their wishes. One of the participants stated on this
issue that he would prefer to be grouped with someone of his choice in order to have
a better rapport with them and therefore have better cooperation. He argued that it

would be possible to experience problems with an unwanted team member;

INTERVIEWER- Would you like to determine your teammate by
yourself?

CS3-STUDENT2- Yes | would; because if you do not determine the
[teammate], maybe s/he would not like his/her friend, and we could
have such problems since [one of the parties] is not a sharing person.
However if we choose the [teammates], they might get along better in
the virtual world and they can work together comfortably; something
like that could happen.

INTERVIEWER- Takim arkadasini kendin belirlemek ister miydin?

CS3-STUDENT2- Evet, belirlemek isterdim. Ciinkii zaten siz
belirlemezseniz soyle bir sey olur, belki sevmez arkadasini, sonra belki
boyle paylasimct olmadiginiz igin belki boyle sikintilar yasayabiliriz.
Ama biz segersek belki boyle iyi anlagabilirler sanal diinyada, rahat
rahat gidebilirler beraber ¢alisarak, boyle olabilir.
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Another important strategy stated by the two participants was that defining group
members should be done according to gender. Although it was stated by one female
and one male student, their argumentation regarding this issue were similar. They
stated that they had a good rapport with their friends of the same gender. The last issue,
that was stated by one of the participants, was that defining group members should be
done according to the level of the students. He argued that it could be done according

to age, grade level or point of interest.

Similarity of Tasks between Group Members

Only three of the students expressed their opinions on this issue. They argued that
tasks should be different for various reasons. For example, one of them expressed that
a small difference between the tasks of peers added a kind of style to the tasks;
however, all tasks should seem to be of the same difficulty level. Another stated that
if they were all the same, we could simply cheat from each other since we sit next to
each other;

CS3-STUDENTS5- | think it was good. All of them seemed to have the
same level of difficulty. But it adjusted its own style; | mean it created
its own style. For example, one was a coffee shop and the other one
was a supermarket.

CS3-STUDENT1- I think that was good, because if they were exactly
the same, we would copy each other’s stuff as we sat next to each other,
it wouldn’t be that good.

CS3-STUDENTS- Bence iyiydi. Hepsi ayni zorlukta gibiydi. Ama boyle
kendi stilini katiyordu, olayn icine. Yani kendi tarzi oluyordu. Mesela
bir tanesi kahve diikkani, digeri market gibi.

CS3-STUDENT1- Bence iyiydi. Ciinkii tipatip aynt olsa birbirimizden
kopya cekerek yapardik. Bir de ikimiz yan yana oturdugumuz igin o
giizel olmazd.

4.6.4 Cross-Case Analysis

Students were encouraged to study in groups by studying alongside a peer throughout
this study. Issues and strategies related to group study were investigated in each case.
In this section, the results of the cross-case analysis are presented. Table 4.21
summarizes the frequencies of the group issues and strategies across the three cases of

the study.
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Table 4.21 — Frequencies of Group Issues and Strategies across the Cases

Case-1 Case-2 Case-3
n % n % n %

Group Study
Prefer to study alone 1 14 1 10 1 17
Prefer to study alone or in a group 1 14 1 10 - -
Prefer to study in a group 5 71 8 80 5 83
Two members only - - 6 60 3 50
More than two (3 to 6) 4 57 2 20 2 33
Forms of Help among Group Members
About tasks 4 57 7 70 2 33
About the 3D environment 2 29 5 50 2 383
About code and S40S 3 43 3 30 2 33
Pair Assignment
According to wishes 2 29 7 70 3 50
According to gender 1 14 1 10 2 33
According to level - - - - 1 17

Students’ preferences about group study were similar across the cases. Most of the
students would prefer to study within some sort of group. Only one student from each
case would prefer studying alone. However, there were some small differences about
the preferences of the number of group members across the cases. Although most of
the students in Case-1 argued that groups should consist of more than two members,
most of the students in the other two cases generally preferred two-membered groups.
This may be due to the fact that the students of Case-1 knew each other for more than
three or four years prior to the course. For example, one of the students in Case-1
argued that all the girls and boys in the class could form two large groups. Emerging
forms of help between the peers were also similar across the three cases. However, it
seems that students of Case-2 received help from their peers more than others did when
the total frequencies are taken into consideration (see Table 4.21). Students mostly
received help from their peers on issues relating to tasks, the 3D environment and the

code itself.

164



Rapport with teammates and problems between group members were another issue
investigated. Most of the students from all three cases generally had a good rapport,
except for in certain situations. Some problems were also encountered between group
members. The common problem faced across the three cases was down to damage
caused to the teammate’s code. Speed of the teammate was the most-cited problem in
Case-1, and distracting teammates the most-cited in Case-3.

Pair assignment is another important strategy in group studies. Students’ preferences
across the cases were the same to some extent. Students from each case mentioned that
it could be arranged according to team members’ wishes or the gender. No students in
Case-1 mentioned that it should be according to level of students. The teacher of Case-
2 and one student in Case-3 argued that defining group members could be achieved
according to the level of the students. Similarity of tasks between group members was
another issue that needed to be taken into consideration. Some students from all three
cases preferred that tasks should be different between peers. On the other hand, a few
students from both Case-1 and Case-2 argued that tasks should be the same, although

no students from Case-3 reported the same.

4.7 Sub RQ - Satisfaction

Satisfaction could affect students’ approach to lesson in a positive or negative way.
Participants’ satisfaction in the current study was measured via the application of a
questionnaire. In addition, qualitative data were gathered via interview questions in
order to determine the factors affecting student satisfaction. In this section, firstly, the
status of satisfaction level is presented based on the descriptive analysis of the
quantitative data, and the results are also supported with qualitative data. Then, the
factors according to increasing and decreasing satisfaction of the participants are

addressed, respectively.
4.7.1 Case-1: Curricular Program

Current Status of Satisfaction

The satisfaction questionnaire was adopted from Chou and Liu (2005), and consisted
of four items. Descriptive results of the questionnaire are given in Table 4.22. As can

be seen, the students’ scores were generally high for each item. The total mean scores
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(M = 4.35) were moderately high. This could be interpreted as students having been
generally satisfied from the study.

The qualitative results supported the quantitative results. However, in this case, there
were some factors of decreasing students’ satisfaction scores from the outset of the
study since students experienced some problems. Those problems were overcome
during the second part of the study. One of the students commented about this, “I did
not expect something like this, but | am satisfied at the end. However, | was not

satisfied at the beginning.”

Table 4.22 — Satisfaction questionnaire results of Case-1

M SD
| was satisfied with SDP learning experience. 433 0.78
| think this SDP benefit my learning achievement. 417 1.19
| was satisfied with SDP. 450 0.52
| was satisfied with the overall learning effectiveness. 442 051
Total 4.35

Factors increasing satisfaction

Factors causing increase in students’ satisfaction level were investigated through
interview questions. Emerging factors based on the results were group study, object
construction, tasks, off-task activities, 3D environment, story of tasks and touring in

the 3D environment. They are elaborated on more as follows.

The most-cited factor increasing the satisfaction of the students in this case was group
study. Most of the students (n = 6) argued that being together in groups and doing
tasks together was a satisfying factor. Students really liked being a member of a group
and to do the tasks together. CS1-STUDENT?2 commented on group study as, “Being
together was the thing | liked the most.”

The other increasing factor stated by five of the students was regarding the tasks.
Students mentioned that they liked the tasks that needed to be completed. Another
factor was object construction, as stated by two students. The students liked to build
3D objects such as bridges, turtles, and walls of a shelter, and to code them. Other
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factors stated by one student were off-task activities, the 3D environment and tour of
the environment. Students did not like to build objects related to tasks, but also they
did like off-task activities. Moreover, traveling in the 3D environment as they wished

was seen as a satisfying factor for one student.

Factors decreasing satisfaction

Some factors revealed from the interview responses led to a decrease in the students’
satisfaction. Those were technical problems, difficulty of task, avatar-related
problems, difficulty of use and rearranging the code. They are elaborated on more as

follows.

Students studied alone in the first part of the study, and then studied alongside a
teammate in the second part. Studying alone was the most-cited (n=3) factor
decreasing satisfaction of the students. Being alone was considered as boring and
undesired for the students. For example, CS1-STUDENT?2 expressed her feeling about
studying alone as it being rather boring. Other decreasing factor was the technical
problems encountered by two of the students. Technical problems were inevitable;
however, they need to be limited to a minimal level. In this case, the students
experienced some technical difficulties in the first part of the study due to poor
computer hardware issues and weaknesses related to the infrastructure. One of the
students highlighted that the technical problems he had faced decreased his

satisfaction;

INTERVIEWER- ... Did any difficulty you had with computer affect
your satisfaction?

CS1-STUDENTS3- Sometimes I was upset because I couldn’t. Because
once, it just skipped... My computer was shut down and I couldn’t
complete the tasks. And | am also stressed out when it slows down. So
all these affected my satisfaction badly.

INTERVIEWER- ... Yasadigimiz bilgisayarla ilgili zorluklar sizin
memnuniyetinizi etkiledi mi?

CS1-STUDENT3- Bazen yapamadim diye iiziildiigiim oldu. Bos gegti
¢linkii bir keresinde... Bilgisayarim kapanmisti, yarisinda kalmisti
gorevler. Kasinca da sinir oluyorum. Bunlar da bizim memnuniyetinizi
azalttr.
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Other factors were difficulty level of tasks and difficulty of use. Two students
mentioned that difficulty of some tasks were above their level of capability. Difficulty
of use was the other factor decreasing satisfaction. Of the total students, two claimed
that it was difficult to use the programs and that this led to them to disliking the VW
experience. The most problematic structure of the program was the inventory. CS1-
STUDENT7 mentioned that she did not like to use the VW due to difficulty using its

inventory and the complex structure;

INTERVIEWER- So was there anything that you didn’t appreciate?

CS1-STUDENTT7- The inventory was a bit complicated. It was difficult
to move it from left to right. And | also failed at drag and dropping
them [from inventory]. They were the difficulties that | faced.

INTERVIEWER- Peki sevmediginiz seyler var miydi?

CS1-STUDENTY- Biraz envanter ¢ok karisikti. envanter biraz saga-
sola o biraz zor geliyordu bana. Bir de benim yapamadigim sey alip
koyamamak... [Bunlar] biraz sikinti oluyordu bende.

Other factor was about the avatar that was stated by two of the students. It was not
possible to move avatars when they became jammed in some parts of the 3D
environment. Two students defined this situation as annoying. The last factor stated
by one of the students was the need to rearrange code when they were wrong. CS1-
STUDENT?7 described this situation as frustrating; explaining that she tried to rebuild
the code when she got it wrong, however, in this situation; she became bored and

thought about just giving up;

CS1-STUDENTT7- ... Once you build the wrong code, you try to do it
again but this time it gets boring, you think “Should I do it again, or
not...”

CS1-STUDENTY- ... Kodlar: yanhs yazinca zaten bir daha yapmaya
calistyorsun ama bu sefer de sikilyyorsun. Yapayim mi, yapmayim mi
diye...

4.7.2 Case-2: Extra-Curricular Program
Current Status of Satisfaction
The current satisfaction scores of participants were measured via the satisfaction

questionnaire in this case, as well. Table 4.23 shows the descriptive results of the
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questionnaire for each item. As can be seen, the overall mean score (M = 3.99) was
moderately high. Only two items relating to VW benefits learning achievement
(M = 3.70) and satisfaction of overall learning effectiveness (M = 3.75) were lower

when compared to the other two items.

Table 4.23 — Satisfaction questionnaire results of Case-2

M SD
| was satisfied with SDP learning experience. 440 0.68
| think this SDP benefit my learning achievement. 3.70 0.80
| was satisfied with SDP. 410 0.85
| was satisfied with the overall learning effectiveness. 3.75 091
Total 3.99

Qualitative results indicated that the expectation of most of the students were met by
the end of the study, except for only two students argued the opposite. For example,
CS2-STUDENTS argued that the study met his expectations more than he thought;
because he thought he would learn programming in the club from a simple

programming tool such as Lightbot;

INTERVIEWER- So do you think this training met your expectations
about programming?

CS2-STUDENTS- Yes but I wasn’t expecting it to be like a virtual
reality.

INTERVIEWER- So you were expecting something simpler?

CS2-STUDENTS5- Exactly. I thought they would be simpler things like
Lightbot for example.

INTERVIEWER- Peki bu egitim senin beklentilerini karsiladi mi
programlama konusunda?

CS2-STUDENTS- Karsilad: da benim beklentim boyle sanal gergeklik
gibi olacagini diisiinmemigtim.

INTERVIEWER- Daha mi basit diisiindiin yoksa?

CS2-STUDENTS- Aynen. Daha basit seyler olacagim diisiinmiistiim.
Lightbot gibi mesela.
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Among the non-satisfied students, CS2-STUDENT1 highlighted that this study was

expected to have been easier, however, it was not as expected;

INTERVIEWER- What was your expectation from this club for
example? What did you expect to learn?

CS2-STUDENT1- | thought we would learn things such as
programming because | know it from the games. We would learn such
things so I supposed it would be easier. But it’s not, I mean, it’s hard.

INTERVIEWER- Mesela beklentin neydi bu kuliibe gelirken? Ne
ogrenmeyi diistintiyordun?

CS2-STUDENT1- Yine béyle programlama gibi seyler 6grenecegimizi
diistintiyordum. Ciinkii oyunlardan biliyorum. Oyle seyler ogreniriz
kolay olur diye diistiniiyordum ama, oyle olmadi yani, zormus.

Factors increasing satisfaction

The factors increasing the satisfaction of students in this case were similar to those of
the first case. There was only one emerging factor that was different from the first
case, which was about the story of tasks. Other factors emerged in this case too.

The most-cited factor increasing the satisfaction of students in this case were object
construction, 3D environment and off-task activities, which were each stated by six of
the students. For example, CS2-STUDENT? highlighted his greatest liked as, “It is
possible to build and program what you want.” Off-task activities and the 3D
environment were the other emerging factors. Students liked to do extra things that
were not related to the tasks they had been assigned in their free time. CS2-
STUDENT?2 and his teammate liked to resize the objects they constructed as an off-
task activity in their free time after having finished their tasks and while waiting for

the others to complete their own tasks;

CS2-STUDENT2- But when my teammate and | were waiting for others
to finish after we were done with ours, we were creating more
complicated stuff like houses with the things we used for other tasks,
which we liked more.

CS2-STUDENT2- Ama biz takim arkadasim ile o zaman gorevler
bittikten sonra diger kisilerin bitirmesini beklerken boyle baska
gorevlerde kullandigimiz maddeleri biiyiitiip evler gibi karmagalar
yaratmayi daha ¢ok begendik.
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Group study and tasks were the other emerging factors, with group study cited by five
of the students, and tasks cited by four of the students. Similar to students in Case-1,
students liked to be in a group and defined the group study as having been enjoyable.
For example, CS2-STUDENT?2 defined this issue as studying in a group and being
able to receive help were enjoyable and fun. Stories about each task was another
emerging factor, which is different from Case-1. The teacher of this case and three of
the students mentioned this factor. The students stated that stories about the tasks
provided them with a mission, a reason to complete the tasks and the stories were
creative, funny, and exciting. The teacher of this case also argued that the stories were
helpful since they drew the students’ attention to the tasks and it was a satisfying factor

for the students to complete the tasks;

INTERVIEWER- And Madam, every task had a story. What do you
think about those stories?

CS2-TEACHER- This is what we always do also in our lessons. | mean
it definitely should have a story or a scenario and the kid should
concentrate on that scenario so that s/he would feel enthusiastic while
completing the tasks. I think it’s satisfactory.

INTERVIEWER- Bir de Hocam her gorevin bir hikayesi vardi. Bu
hikayeler hakkinda ne diigiiniiyorsunuz?

CS2-TEACHER- Bu bizim dersimizde de hep yaptigimiz bir seydir.
Yani mutlaka bir hikayesi olmali, bir senaryosu olmali ve ¢ocuk o
senaryonun i¢ine girebilmeli ki gorevi tamamlamak i¢in sevk duysun.
Onu da basarili buluyorum.

The last factor that emerged was touring in the 3D environment, which was mentioned
by two of the students who liked to travel in the 3D environment by way of walking,

flying, and driving cars.

Factors decreasing satisfaction

The factors decreasing the satisfaction of the students in this case were quite similar
to those in Case-1. A less than realistic environment and difficulty of use were the two
most-cited factors decreasing satisfaction. Four of the students found the environment
less than realistic and the graphics of the objects were defined as low. CS2-
STUDENT5 commented on this issue as, “It seems that the 3D environment was less

than realistic and the graphics of the 3D objects were low.” Difficulty of use was cited
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by four of the students as another factor. The inventory and arranging the pop-up
screen were stated as complex and also less liked. It was mentioned that it could be
easier to use and thereby simpler to cope with. Being left to work alone in the 3D
environment, technical problems encountered and the difficulty of the tasks were
stated by three of the students as the least-liked. CS2-STUDENT3 mentioned about
the difficulty of tasks; adding that he would be more satisfied if they could have been
made easier. Technical problems encountered were considered as annoying situations
for some of the students. CS2-STUDENT?7 pointed to a technical problem as, “I did
not like it when the computer froze.” Issues related to the avatars such as getting
jammed in the environment and not being able to change accessories were other factors
stated by two of the students. Being alone was another factor that also decreased
satisfaction. Students generally studied with their peers; however, they were alone in

some situations. One of the students mentioned about studying alone as;

CS2-STUDENT®6- As | said, it was boring when we were on our own,
we couldn’t do anything. Go there, put it, make this, turn it, and the
task is over. But now that we have our friends, we go to the task, and
do it together. I mean we help each other.

CS2-STUDENTG6- Simdi tek basimiza séyledigim gibi ¢ok sikiciydi,
hi¢chir sey yapamiyorduk. Git, koy, yap, ¢evir, gorev bitti. Ama
arkadasim olunca simdi biz goreve gidiyoruz, birlikte ikimiz yapiyoruz,
birbirimize yardim ediyoruz.

4.7.3 Case-3: After-School Program
Current Status of Satisfaction

Descriptive results of the satisfaction questionnaire were similar to those of Case-1,
and are presented in Table 4.24. As can be seen, the students ranked each item higher
than four points. The overall mean (M : 4.28) was quite high compared to Case-2.
Moreover, the mean of each item was higher than four points.

The qualitative results revealed from the interviews supported the descriptive results.
Most of the students mentioned that the overall lesson met their expectation and that
they enjoyed the study. CS3-STUDENT3 assumed that the lesson would similar to a
traditional lesson in which PowerPoint presentations were used. On the contrary, she

argued that it was more than what she had expected;
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INTERVIEWER- And did this training meet your expectations?

CS3-STUDENTS3- Yes, it did. It was even better than I'd expected. 1
thought we would do it after learning some more things from the
presentations. | did not know there would be games or something like
that.

INTERVIEWER- Bu egitim senin beklentilerini karsiladi mi peki?

CS3-STUDENTS3- Evet, karsiladi. Hatta bekledigimden daha giizel
geldi. Ben boyle sadece slayttan falan bir seyler o6grenip oyle
yvapacagiz zannediyordum. Oyun falan oldugunu bilmiyordum.

Table 4.24 — Satisfaction questionnaire results of Case-3

M SD
| was satisfied with SDP learning experience. 438 0.74
| think this SDP benefit my learning achievement. 438 0.92
| was satisfied with SDP. 413 0.83
| was satisfied with the overall learning effectiveness. 4.25 0.89
Total 4.28

Factors increasing satisfaction

Results showed that the emerging factors for this case were similar to those ones of
Case-2, but with different frequencies. The major increasing factor in the satisfaction
of the students (n=6) was object construction. All of the students in this case
mentioned this issue as a satisfying factor. CS3-STUDENT®6 expressed her feeling as,
“I most liked being able to build objects, which does not happen so fast in real life.”
The other most satisfied factor was group study, as stated by five of the students. In
this case, the students liked being in a group as much as the students in the other cases.
They expressed their feelings about group study as more enjoyable and fun. Off-task
activities were the third major factor, which was stated by four of the students. In this
case, the students liked to do off-task activities such as playing in the 3D environment
with their friends, chatting in the breaks and so on; similar to the students of the other

cases.
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The other factors were tasks, 3D environment and story of tasks, which were each
stated by three students. The students stated that they liked the tasks and their stories
as well as the 3D environment. For example, one of the students, CS3-STUDENT4,
mentioned that the 3D environment was fascinating and had a well-planned story and
that they all had a good rapport with each other. The last factor stated was touring the

3D world. Traveling by car was stated by one of the student as the most enjoyable;

CS3-STUDENT4- The story was well-matched with the island too. The
island was planned very well, the story and everything were perfect.
Actually the tasks, story and the island matched together very well.

CS3-STUDENT4- Hikaye uyumluydu ve adaya da uyumluydu. Ada ¢ok
glizel planlanmisti, hikaye falan hepsi muhtesemdi. Gorevler agik¢asi
adaya da, yani iigii de birbirine benziyordu, uyumluydu.

Factors decreasing satisfaction

The results showed that technical problems, studying alone, a less than realistic 3D
environment, the difficulty of the tasks and avatar-related problems were all factors
decreasing the satisfaction of the students in this case. Technical problems were the
most-cited, as mentioned by four of the students. For example, one of the students

mentioned this as;

INTERVIEWER- And what was the thing that you did not like in this
environment?

CS3-STUDENTS3- [computer] froze once in a while, it was continuing
on its own and it was not very good.

INTERVIEWER- Peki begenmedigin ne vardi bu ortamda?

CS3-STUDENT3- Arada bir donuyordu, béyle kendi kendine
takilryordu o ¢ok giizel degildi.

The other factors were only stated by one of the student in this case. While one stated
that being alone would be boring for him, another found the use of the VW hard. These
were stated as annoying factors which caused them to be less satisfied. Moreover, one
of the students compared the VW with the real world and commented that the VW was
less than realistic. CS3-STUDENT®6 explained this issue with an example, arguing that
although it was possible to understand the direction of a ball in the real world, it was

not possible to realize this in the VW, adding that this was so frustrating for her;
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CS3-STUDENT®6- ...For example if | [had] a ball in real life, 1 would
know where it would go. However [in virtual world] you have to
change the direction of the ball all the time because you do not know
the direction [that the ball would go to]. It really upset me.

CS3-STUDENTG6- ..Mesela topun yiizeyini ger¢ek hayatta
vaptirsaydim fark edersin, top nereye giderse gitsin anlarsin, ama
[sanal diinyada] buradaki topun yoniinii bilmedigin icin sirayla bir
stirii yon degistiriyorsun. Bu ¢ok canimi sikti.

4.7.4 Cross-Case Analysis

The students’ satisfaction level was measured via a questionnaire in each of the three
cases. The students’ overall mean satisfaction scores for each case were just higher
than four points. The descriptive results of the quantitative data shows that the most
satisfied students were from Case-1 (M =4.35), Case-3 (M =4.28) and Case-2
(M = 3.99), respectively. Students of Case-1 were not so satisfied in the first part of
study due to the technical and infrastructural problems that they experienced.
However, those problems were overcome in the second part of the study, which could
be why their scores were higher than others in the end. It seems that the least satisfied
students were those from Case-2. This might due to fact that they were in a more
crowded class and it was impossible therefore for the teacher to deal with all the
students to the same extent as the other cases. Moreover, some of them had high
expectations from the club. Using VW in the club was unknown to the students before
joining the club and it might therefore not have met their expectations as a whole.
Students of Case-3 knew that the VW would be used to teach the basics of
programming, having been informed and volunteered to take part in the course. This
may explain why their satisfaction scores were above four points, almost to the level
of the students of Case-1.

Increasing factors in the satisfaction of the students were determined in all three cases.
Apart from the story about the tasks, other factors emerged across all three cases at
different ratios (see Table 4.25). Story of the tasks was not stated as an increasing
factor by the participants of Case-1. This may be due to the students in that case either
disliking or having ignored the stories. The most satisfied factor stated by the students
across all cases was group study. Building and programming objects together, off-task

activities and the 3D environment were stated as the most satisfying factors for both
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Case-2 and Case-3, but they were not found so satisfying by the students of Case-1.
However, Case-1 was applied as a more formal class exercise than the other cases.
Due to timetabling problems in this case, students did not have so much free time to

do off-task activities and explore the 3D environment on their own.

As to the factors that decreased the students’ satisfaction levels; technical problems,
studying alone, difficulty of the tasks, and avatar-related problems were all factors
stated by some of the students across all cases (see Table 4.25) that decreased their
satisfaction. However, a less than realistic 3D environment was not found as a
decreasing factor for the students from Case-1, but was found to be the most decreasing
factor in Case-2 and less so in Case-3. This implies that while the students of Case-2
had a high expectation about the reality of the 3D environment, it appears that the
students from Case-1 had no concerns about this issue. On the other hand, the students
from Case-3 found the system easy to use (see the section on the perceived ease of use
results) and no student from this case not mentioned any difficulty of use as a

decreasing factor.

Table 4.25 — Frequencies of Factors Affecting Satisfaction across the Cases

Case-1 Case-2 Case-3
n % n % n %

Factors Increasing Satisfaction

Group study 6 86 5 50 5 83
Obiject construction 2 29 6 60 6 100
Having tasks 5 71 4 40 3 50
Off-task activities 1 14 6 60 4 67
3D environment 1 14 6 60 3 50
Story of tasks - - 3 30 3 50
Tour in the 3D environment 1 14 2 20 1 17
Factors Decreasing Satisfaction

Technical problems 2 29 3 30 4 67
Studying alone 3 43 3 30 1 17
Difficulty of tasks 2 29 3 30 1 17
Avatar-related problems 2 29 2 20 1 17
Less than realistic environment - - 4 40 1 17
Difficulty of use 2 29 4 40 - -
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4.8 Sub RQ - Issues and Strategies for the Design of Educational Programs

The educational design of the cases were different from each other due to the nature
of each case. The total course hours was 15 lesson hours across all three cases;
however, the weekly course hours varied. In this section, the issues and strategies
about the design of the educational programs are elaborated on. The results revealed
four different issues and strategies. Firstly, the weekly course hours for each case is
addressed; secondly, the number and difficulty level of the tasks is investigated; and
thirdly, the issues and strategies regarding feedback are presented. Lastly, the issues
related to the instructional materials that were presented to the students in the form of
task cards and informational presentation tools are addressed.

4.8.1 Case-1: Curricular Program
Weekly Course Hours

In the first part of this case, the weekly course hours were two lesson hours (45 minutes
each) for a period of four weeks. However, it was not possible to do the lesson each
week due to various reasons such as an electricity power cut in one week. In the second
part of the study, the students were invited to the university’s CEIT department twice
in order to complete the remainder of the study. The course hours were three lesson
hours (45 minutes each) in the second part of the study for this case. The teacher’s and
students’ ideas about the weekly course hours were taken via interview questions. The
teacher of this case stated that the course hours were sufficient; however, the first part
of the study was less than efficient due to infrastructural issues with the school’s
computer laboratory. Therefore, the course hours may have seemed to be inadequate.
The results of the student interviews indicated that the course hours were insufficient,
and most of the participants (n = 5) found the course hours were too low, having stated

that it could have been more.

Number and Difficulty Level of Tasks

Students’ ideas related to the number and difficulty level of the tasks were taken via
interview questions. Two students and the teacher of this case indicated that the

number of tasks was sufficient. For example, the teacher highlighted this issue as;
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INTERVIEWER- ... Do you think the number of tasks was sufficient to
teach the topic and the basics of programming?

CS1-TEACHER — I think it was. ...I believe the tasks went on from the
easy levels to more difficult levels gradually. If you are asking about
whether the number was enough, yes, | think they are.

INTERVIEWER- ...Gorev sayisi  sizce konuyu, programlama
temellerini ogretmek icin yeterli miydi?

CS1-TEACHER- Bence yeterli. ... Bence basitten karmagsiga dogru
gidersek kolaydan zora dogru gitti diye diigiiniiyorum yani gérevlerin.
Sayr olarak yeterli mi diye soruyorsaniz, yani bence yeterli.

However, four of the students indicated that the number of tasks could have been more,
although they were unable to explain the reason behind their preference. They mostly
asserted that the tasks were funny and there could have been more. One of the students
argued that it would be better if there were more tasks since the subjects were

enjoyable.

The difficulty level of the tasks was investigated as to whether or not they were
perceived as being difficult. Three of the students’ and the teacher’s responses to the
interview questions indicated that the tasks were neither hard nor easy. For example,
CS1-STUDENTG6 explained this as the tasks were moderately difficult, meaning
neither hard nor easy. Besides, there were some hard tasks as well as easy ones. The
teacher of this case stated that the difficulty level of the tasks was interrelated to the
level of the students’ interest and their mathematical intelligence. Those who were
more interested and who had higher levels of mathematical intelligence completed the
tasks more easily and to a better standard. She added that the difficulty level of the

tasks was appropriate;

INTERVIEWER- Do you think the difficulty of the tasks were matching
with the students’ capability?

CS1-TEACHER- I think it changes from student to student. There were
the ones who were curious and more interested. | believe that the
students with a little more mathematical intelligence do better in
virtual worlds. But in general the difficulty was suitable for children.

INTERVIEWER- Sizce gérevierin zorlugu ogrencilerin yapabilecegi
diizeyde miydi?
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CS1-TEACHER- Bence dgrenciye bagli. Merak eden, daha ilgili olan
ogrenciler vardi. Biraz daha ilgisiz olan 6grenciler de var. Biraz
matematik zekasi fazla olan ¢ocuklarin sanal diinyanin icerisinde daha
iyi yaptigimi diistintiyorum ben. Ama genel olarak gorevlerin zorlugu

uygundu.
Feedback

Feedback has vital importance in educational programs since it informs the learners
about their actions. In the current study, feedback was aimed to be given via different
platforms. Teachers in the physical environment and videos in the 3D environment
were the main sources of feedback for the students. Moreover, the students sometimes
preferred to take feedback from their peers. Participants’ preferences on the source of
feedback and their suggestions about those were investigated and are presented in this

section.

In the first case, the participants mostly preferred feedback from their teachers and
from videos in the 3D environment. Of the total students, four of them preferred
feedback from their teacher and five of them argued that they preferred feedback from
the videos. For example, CS1-STUDENT®6 argued that she got help from the teacher
when she had difficulty and that the teacher managed to help her in those situations.
In contrast to CS1-STUDENT®6, CS1-STUDENT1 preferred to take feedback from the
videos and in that way he had learned how to build code on S40S and how to complete
the tasks;

CS1-STUDENT1- There were help boxes, you prepared a video and
put it in those. That was instructive. You also told us how we were
supposed to do it. For example at first we did not know what kind of
code we were going to write here, whether we were supposed to write
them on keyboards or on Scratch, we did not know. | learned it thanks
to the videos.

CS1-STUDENT1- Bilgi kutucuklar: vardi, oraya video hazirlayip
atmigsiniz. O bilgilendiriyordu. Hem de o yaparken orada
anlatmigtiniz nasul yapacagimizi. Mesela ilk basta burada nasil kodlar
vazacagimizi  bilmiyorduk. Kodlari direkt klavye tizerinden mi
yazacagiz, yoksa Scratch’ten mi yapacagiz bilmiyorduk. Bunu
videolardan ogrendim.

The students’ and the teacher’s suggestions were sought with regard to the feedback

sources via interview questions. Emerging suggestions were mostly related to the
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teacher and video as feedback sources. One of the students suggested that the presence
of the teacher in the virtual environment could be increased. In this way, the teacher
could demonstrate actions to the students and they in turn could see the teacher’s
actions. There were some suggestions about the videos too. One of the students
complained about the duration of the videos. He inclined that the videos were too long
and that they could have been summarized. Three of the students suggested that the
quality of the videos could have been better and that a video should be prepared for

each task in the 3D environment.

In addition, there were other suggestions mentioned by one of the participants. One of
those suggestions was about informing the participants when they had completed the
task. This was a point seen as missing from the 3D environment. CS1-STUDENTS3
expressed this as, “I would like to see a message telling you that you had completed
the task.” Another suggestion by one student was that there should be virtual characters
guiding the students when they experienced difficulties. The last suggestion stated by
the teacher of the case was that interactive help could have been offered to the students

so that they could give instructions to the students gradually.

Task Cards and Information Presentation Tools

Some instructional materials were distributed to the students such as task cards as hard
copies, and posters displayed on billboards in the 3D environment. Students’ ideas
related to the instructional materials were investigated via the interviews. The results
indicated that the task cards were seen as helpful by the students. The task cards
informed the students in terms of which task to complete and how to complete it. Most
of the students (n = 7) and the teacher agreed that they were helpful. Only one student
reported that there were missing or incorrect points on the task cards. He suggested
that those points needed to be rectified. Two of the students suggested that the task
cards could contain the code of the tasks. In this way, they stated that they would be
able to compare their own code with the correct code and thereby receive help when

they needed it.

Some information was presented on billboards in the 3D environment. The students’
ideas about these informational tools were sought out. Only one student in this case
indicated that they were actually helpful. Their suggestions were also gathered. One
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of the students suggested that they could include videos rather than static posters. He
added that either a TV broadcast or a live stream of the teacher could be presented on

boards in the 3D environment;

CS1-STUDENTS5- Sir, it would be better if there were televisions
instead of boards. You give us the code and we do it by showing them.

CS1-STUDENTS5- Hocam, levha yerine televizyon olsaydi daha giizel
olurdu ya da Hocam siz ¢ikiyorsunuz kodlart gésterip yapryoruz.

4.8.2 Case-2: Extra-Curricular Program
Weekly Course Hours

The course hours were 1.5 lesson hours (60 minutes each) in length for this case, and
lasted for a period of 10 weeks. Interview results revealed two opinions. Half of the
participants (n = 5) found that the course hours were enough and ideal. For example,
one of them mentioned that it was sufficient in total for the completion of the tasks
considering the number of tasks in total.

However, in contrast the other half of the students and the teacher found the course
hours to be insufficient, stating that there could have been more. The teacher of this
case argued that there could be an extra half lesson hour each week. Namely, she
argued that course could be two lesson hours with each lasting a total of 80 minutes.

She explained why she saw a need for the extra course hours as;

INTERVIEWER- How do you think were the weekly course hours?

CS2-TEACHER- In some cases they were not enough. | mean | wished
that we had had 30 more minutes. As soon as the students gather their
speed and do their tasks, the lesson finishes. It could have been better
if they were 80 minutes as two blocks on the condition that it would not
be too often.[it would be better in terms of reinforcement of the
knowledge and feedback] if we had 20 more minutes in some of the
tasks because each time we tried to reach every kid and give feedback.
We could use 20 more minutes due to these reasons.

INTERVIEWER- Sizce haftalik ders saatleri nasildi?

CS2-TEACHER- Bazi durumlarda yetmedi. Yani bir 30 dakikamiz
daha olsayd: diye diisiindiim. Yani tam boyle ¢ocuklar bir ivme
kazanvyorlar, gorevi yapacaklar o sirada ders bitiyor. Cok hani iist
tiste olmamak kosuluyla iste bu belki 2 ders saati iist iiste, yani 80
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dakika falan olsa daha iyi olabilirdi. 60 dakika yerine bir 20 dakikamiz
daha olsa bazi gorevlerde, bazi derslerde anlatilan bilginin de
oturmasi agisindan, geri bildirim agisindan ¢ocuklara c¢iinkii her
defasinda hemen hemen her ¢ocuga ulasip geri bildirim vermeye
calistik. O agidan belki bir 20 dakikaya daha ihtiyacimiz olabilirdi.

Number and Difficulty Level of Tasks

The participants were asked whether or not the number of tasks were sufficient. Only
two of the students argued that it could have been more. Six of the students’ and the
teacher’s responses indicated that they were sufficient; mentioning that they were
sufficient for learning the subject. The teacher of this case also argued that the number

of tasks were sufficient to enable students to create things on their own in the 3D

environment;

INTERVIEWER- Do you think the number of the tasks were enough in
order to teach the subjects, that is the basic concepts of programming?

CS2-TEACHER- Absolutely yes, they were enough. | mean a student
who finishes the last task knows the basic programming topics and is
ready enough to create something. It is up to his/her creativity after
this point.

INTERVIEWER-  Sizce  gorevierin  sayisi  konular:,  hani
programlamanin temel kavramlarini 6gretmek icin yeter miydi?

CS2-TEACHER- Kesinlikle yeterdi, evet, yeterdi. Yani son gorevi
bitiren bir 6grenci temel olarak programlama konularin bilip artik bir
seyler olusturmaya baglamasi konusunda ¢ocugu hazir hale getirdi.
Bundan sonrasi onun ne kadar yaraticilik kattigina kaliyor.

The students’ responses about the difficulty level of the tasks indicated that it was
moderate. Most of the students argued that the tasks were moderate and at the
appropriate level in general. For example, CS2-STUDENT2 stated that the level of
tasks were moderate, and that except for the last task, they were neither hard nor easy.
The teacher of the case also argued that the tasks were not so hard. She mentioned that

there were some tasks which took more time due to the students’ level of readiness.

Overall, they were at an appropriate level for the students to complete them;

INTERVIEWER- Another question; do you think these tasks are in a
level that the students could achieve them?
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CS2-TEACHER- I think yes. | don 't think there is a specific task that
students had problems with in general... Of course some of the tasks
might have taken more time than the others. I think... That was because
all the students did not have the same background but they were able
to handle them to a large extent.

INTERVIEWER- Diger sorum da; sizce bu gorevler ogrencilerin
yvapabilecegi diizeyde miydi?

CS2-TEACHER- Bence evet. Genel olarak c¢ocuklarin cok da
zorlandigi bir gorev oldugunu da diistinmiiyorum...Tabii ki bazi
gorevler digerinden daha fazla zaman almig olabilir sadece. Bence...
O seyden kaynaklandi. Her o&grencinin ayni ... hazir bulunugluk
seviyesinde olmamasindan kaynaklandi ama, biiyiik oranda bence
seydi, yapabildiler.

Feedback

In this case, the students received feedback from their teachers, videos and also from
their peers. Different to the other cases, the students also received feedback from their
peers. Of the total students, seven argued that they received feedback from their
teachers, eight students received feedback from the videos, and three students received
feedback from their peers. The students found that the videos were helpful in terms of
understanding and informing them on some issues that they could not do. Three of the
students and the teacher of this case mentioned that the students received feedback
from their peers. The teacher of this case argued that the students preferred not to
follow the guidelines or watch the videos as they easily became bored. Instead of this,
she added that they would prefer to seek help from their peers; which was quick and

easy for the students;

CS2-TEACHER- 1 think the students do not read, inquire or watch
things such as helping videos or other sources since they get bored. ...
When there is a lesson involved in it, the kid is not interested in that
part. They prefer learning from each other, after an observation of
years, [I can say that they think as follows]: ‘You know this game
better, | know it less than you, so I prefer learning it from you.  Not
because of the video or anything else, they get bored because they think
they are going to learn from their friends in a better way.

CS2-TEACHER- Stkildiklar: i¢in 6grenciler yardim videosu gibi ya da
iste boyle bir kilavuz kaynak gibi seyleri ¢ok fazla okumuyorlar,
incelemiyorlar, izlemiyorlar diye diisiiniiyorum. ... Isin icinde ders
olunca istedigin kadar video hazirla ¢ocuk oraya ¢ok takilmiyor.
Birbirlerinden ogrenmeyi daha ¢ok tercih ediyorlar, bak bu noktada
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ben yillarin verdigi bir gézlem, yani ‘Sen oyunu iyi biliyorsun, ben de

daha az biliyorum, senden ogrenmeyi tercih ediyorum ben.’ Video

falan degil yani, sikilyor, c¢iinkii ‘Daha ¢abuk ogrenecegim

arkadasimdan.’ diye diigiiniiyorlar.
Interview results indicated that there were five types of suggestions; most of which
were about the videos. Four of the students made suggestions about this issue. Two of
them complained that the duration of the videos were too long and took too much time
to load; suggesting that they could be made shorter. The other student suggested that
important points in the videos should be highlighted. Another important suggestion
stated by four of the students was for virtual characters in the 3D environment to guide
the learners. Those characters would help by interacting with the learners. For
example, one of the students expressed his ideas about this as, “A human-like character
should be in the virtual environment, and it could give hints when it was touched.”
Giving some hints to the learners was another suggestion stated by three of the
students. For example, CS2-STUDENT10 suggested that there could be some hints
when they could not complete the task after a certain length of time. The other
suggestion which was made by the teacher of this case was to inform learners when
they completed tasks. The last suggestion was about teacher feedback as stated by one
of the students. He inclined that teachers were in a hurry and added that they could

slow the lesson pace down a bit.

Task Cards and Information Presentation Tools

The interview results revealed that most of the students (n = 6) and the teacher of this
case found the task cards helpful. For example, one of them inclined that they were
helpful because he learned what to do from the task cards. The teacher also argued that
they assigned the students responsibility for completing all of the tasks. Moreover, she
added that students also followed their completed and to-be-completed tasks from the

task cards;

INTERVIEWER- What do you think about the task cards?

CS2-TEACHER- ...The task cards were fine. The kids were able to
follow them. Even in the last lesson the students were still after the task
cards. I mean it was good for the kids that they could follow from there.
... Also they contributed to their feeling of responsibility and maybe a
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kind of seriousness. They realized that they were being followed on
there as well.

INTERVIEWER- Gérev kartlart hakkinda ne diistiniiyorsunuz?

CS2-TEACHER- ...Iyiydi gorev kartlari. Takip edebildi cocuk, hatta
bugtin son derste bile hala 6grenci gérev kartlarinin pesindeydi. Yani
oradan takip etmesi onun ¢ogu noktada isine geldi. ... Bir de
sorumluluk katti. Belki ise bir ciddiyet de katti. ... Takip edildigini de
oradan fark etti.

Students’ suggestions about the tasks cards were also sought. Two of them suggested
that the task cards do not need to contain the task stories. Another student suggested
that they needed to be more brief. The last suggestion stated by a student was that task

cards should also contain the code of the task.

The interview results indicated that the informational presentation tools were helpful
to some extent, with three of the students stating that they were helpful. In contrast,
two of the students indicated that there was no need for the information presentation
tools since they did not attract their attention; stating that they could either be removed
altogether or be made more attractive in order to attract attention. One of the students
suggested they could contain more visuals rather than text. The last suggestion was
both related to the task cards and the information presentation tools. CS2-STUDENTS,
suggested that the information on task cards should be on the boards in the 3D
environment, which could then inform others in the 3D environment about the tasks

completed;

CS2-STUDENTS- | think you could have put the texts in the files on a
sign on there. For example there are red and blue boxes, and a box
with a question mark on it. If there were explanations next to it, we
could look at it there and do [our tasks] easily. [Also] When the task
was over, we could click on there and it would be visible to everyone.
For example Someone would have written The task has been
completed.’ to the teacher now.

CS2-STUDENTS- Bence bir de o dosyada yazanlar orada bir tabelaya
koyabilirdiniz. Mesela orada kirmizi ve mavinin kutulari var, bir de
soru igareti kutusu var. Onun yamnda da agiklama olabilir 2 grup igin,
oraya bakip daha kolay yapabilirdik. [Ayrica] gorevi bitirdigimizde
oraya tiklardik, herkese ac¢ik olurdu. Mesela birisi simdi ‘Gorevi
tamamladi.’ yazardi 6gretmene.
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4.8.3 Case-3: After-School Program
Weekly Course Hours

The course hours were three lesson hours (45 minutes each), lasting for a period of
five weeks in this case. Four of the students found that the course hours were sufficient.
One of them emphasized that, “It was satisfactory because the number of lessons and
breaks were sufficient.” The weekly course hours seemed to be more appropriate in
this case when compared to the other two cases. Only one student argued in favor of

four lesson hours per week.

Number and Difficulty Level of Tasks

Students’ ideas related to the number of tasks were investigated in this case too. Only
two of the students found the number of tasks to be sufficient in this case. The other
four students argued that the total number of tasks was insufficient and that there could
have been more. For example, CS3-STUDENT3 commented that, “There could be 20

tasks and more course hours; then it would be more fun.”

As to the difficulty level of the tasks, most of the students agreed that the level of tasks
were appropriate for them to complete the tasks. They stated that except for a few easy
and difficult tasks, most were generally of a moderate level. For example, CS3-
STUDENTS®6 thought that they were not so easy for her at the beginning of the course.

However, she then said that they became getting easy in time;

INTERVIEWER- And what do you think about the difficulty level of the
tasks?

CS3-STUDENT®6- Some of the tasks are too hard, some of them are too
easy. In some of them | got some help but then I did them by myself.
They have got more difficult gradually. In fact I did not think that they
would be that easy when I first came here. ... But they turned out to be
easier even just a bit.

INTERVIEWER-  Peki zorlugu konusunda ne diistiniiyorsun
gorevlerin?

CS3-STUDENTG6- Bazi gorevler ¢ok zor, bazi gorevler ¢ok kolay,
bazilarinda yardim aldim ama sonra kendim de yaptim. Gitgide
zorlasti.  Ashinda ilk geldigimde o kadar kolay olacagin
diistinmiiyordum. ... Ama az da olsa kolay ¢ikti.
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Feedback

Students in this case usually received feedback from two sources; the videos and the
teacher. Of the total students, five of them preferred to receive feedback from the
videos and four of them stated that they received their feedback from the teacher. CS3-
STUDENT1 highlighted about the videos as, “They were so helpful for me because |
could not attend the course one week, but I could complete the tasks after receiving

help from the videos.”

The results revealed four types of suggestions received for this case, with each having
been stated by one participant. The first was about teacher feedback, with one student
suggesting that teachers could also be seen in the virtual world and then help them in

the environment in terms of how to do things, which would be instant and easy;

CS3-STUDENT1- For instance, it could have been like this: our
teachers could log in all of our worlds and they would help us
immediately by showing what we could do. Then, they would enter the
world of a friend who would be having trouble and it would have been
more comfortable.

CS3-STUDENT1- Mesela séyle olabilirdi; 6gretmenlerimizin
bilgisayar: hepimizin diinyasina baglanabilirdi, oyle hemen yardim
ederdi bizim nasil yapacagimizi gosterip. Sonra ¢ikip yardim isteyen
arkadagsimizin diinyasina girerdi, daha rahat olurdu hem de.

Another suggestion was about watching the videos since one student inclined that she
was unable to load the videos. Other suggestions were to guide learners through the

use of virtual characters, and to give hints when needed.

Task Cards and Information Presentation Tools

Students’ ideas were also taken in this case with regard to the task cards and the
informational presentation tools. All of the students (n = 6) found that the task cards
were helpful. For example, CS3-STUDENT4 expressed that the “[task cards] informed
us about which task to do and how to do them. They were giving hints to us.” However,
there was only one suggestion stated by one student about the task cards in this case.
CS3-STUDENT®6 found some of the information on the task cards as unnecessary

since she had already know it. She suggested that they could be more brief;

187



CS3-STUDENT®6- There were some necessary parts and unnecessary
parts. For example, it writes there ‘Square has four sides, " but, | know
that, there is no need to that.

CS3-STUDENTG6- Gerekli yerleri de vardi, gereksiz yerleri de vardi.
Mesela karenin dort kenart var yaziyordu, onu biliyordum, o yiizden
yazmasina gerek yoktu.

As to the participants’ ideas about the informational presentation tools, they were
positive. Two of the students found them to be helpful. Moreover, one student
suggested that they could be more visible and readable since it was sometimes hard to

recognize the texts from a distance in the 3D environment;

INTERVIEWER- How were the boards in that environment?

CS3-STUDENTS3- They were noticeable. But [l wish] they would be
more readable. The texts on the boards were a bit too blurry. We had
to get too close [to make them out].

INTERVIEWER- Ortamdaki panolar nasildi?

CS3-STUDENTS3- Fark edilebiliyordu. Ama daha net okunabilirdi
sanki. Panolar da biraz bulamk gésteriyordu. lyice yaklasmak
gerekiyordu.

4.8.4 Cross-Case Analysis

There were some similarities and differences on the issues and strategies in the
educational programs of each case, and Table 4.26 presents the frequencies across the
three cases. The first emerging sub-theme was weekly course hours. As can be seen
from Table 4.26, the students’ and teachers’ ideas about the weekly course hours
varied across the cases. This was quite normal since the weekly course hours also
varied across the cases, although the total hours for the course were almost the same.
For example, most of the students in Case-3 found that the three lesson hours per day
to be sufficient, but the students and teachers of Case-2 found their one and half-hours
per week to be inadequate. Case-2 was conducted in a club, meeting for one and a half
lesson hours for a period of 10 weeks. However, the tasks were left half-finished since
the weekly course hours of the club was deemed to be insufficient. On the other hand,
students of Case-1 found their two lesson hours per week for the first part of the study
and three lesson hours for the two weeks of the second part of the study to also be

insufficient.
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As to the total number of tasks in the current study, some of the students in Case-1 and
Case-3 found them to be insufficient; however, most students in Case-2 and the
teachers across all cases found the number of tasks to be sufficient. Those arguing that
the number of tasks were sufficient considered the duration of the academic semester
and the topics to be covered. The others who argued that the number of tasks were
insufficient mostly considered that the lesson was enjoyable and could last longer by
including some extra tasks. Apart from a few students, most students and the teachers
of all cases mentioned that the difficulty level of the tasks was neither too hard or too

easy, agreeing that they were generally moderate.

Table 4.26 — Frequencies of Issues and Strategies for Educational Programs across
the Cases

Case-1 Case-2 Case-3
n % n % n %
Weekly Course Hours
Sufficient - - 5 50 4 67
Insufficient 5 71 5 50 1 17
Number of Tasks
Sufficient 2 29 6 60 2 33
Insufficient 4 57 2 20 4 67
Feedback Source Preference

Expert videos 5 71 8 80 5 83
Teacher 4 57 7 70 4 67
Peer - 3 30 - -

Feedback sources and suggestions related to those sources were the other issues and
strategy noted for this theme. The mutual feedback sources for the three cases were
videos and the teachers. Students mostly preferred getting feedback from the videos,
followed by getting feedback from their teachers (see Table 4.26). The only difference
in the feedback source was seen for Case-2. Some students in Case-2 preferred to
receive feedback from their peers as well as from other sources. This might be due to

the high number of participants in Case-2. The teacher and videos might have been
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seen as inadequate from time to time, and the students therefore preferred taking
feedback from their peers. There were some suggestions made by the students about
the feedback sources. At least one student from each case suggested issues about the
videos, the teacher and the virtual characters (NPCs). One student from Case-1 and the
teacher of Case-2 suggested informing learners when they had completed a task.
Giving hints about the tasks was suggested by three of the students from Case-2 and

one from Case-3.

The students and teachers from all three cases usually found the tasks cards and
information presentation tools in the 3D environment as helpful. Some students
highlighted that there were some missing points on the task cards and made
suggestions that the task cards should be brief and contain the code of the task. Then,
it was stated that the information presentation tools should be made to be more

attractive and clear to read.

4.9 Summary of the Results

The main purpose of this study is to investigate the use of virtual worlds in teaching
the basics of programming to children across different educational programs. The
findings of the study are presented in this chapter in line with the sub-research
questions. In order to summarize the overall findings, the emerged themes, sub-

themes, and categories are illustrated in Figure 4.1.

The first sub-research question was about the perception of participants on the ease of
use and perceived usefulness of SDP. Quantitative data showed that students found the
use of SDP as easy in all cases with a mean score of 3.90, 4.09 and 4.19 respectively.
Qualitative findings revealed that students experienced some minor difficulties
especially in the adaptation period of the 3D environment, navigation, inventory and
locating 3D objects. Another investigated issue was the perceived usefulness, with
descriptive statistics of the perceived usefulness questionnaire showing the overall
mean value of perceived usefulness as 4.14 for Case-1, and 4.13 for Case-3 and 3.19
for Case-2. Qualitative results of the interviews supported the quantitative results and

it was found that using the VW facilitated the students’ learning of programming.
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Figure 4.1 — Overall findings: Emerged themes, sub-themes and categories
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The second sub-research question was about the affordances and challenges of using
VW to teach the basics of programming. Results indicated that having fun during the
learning process, personal contribution, gaining experience on 3D, facilitated group
working and motivation were the emerged affordances in different proportions across
the cases. The affordance only mentioned by the participants of Case-2 was to see real
code being generated behind the pseudo-code of Scratch for OpenSim. On the other
side, challenges related to the 3D environment, equipment and infrastructure and tasks
were confronted by the students across the cases with different frequencies. Actually,
challenges were specific to the participants and settings of the cases and some of them
were inevitable in VW studies.

Other investigated issues and strategies were about the avatars. Most of the students
in all three cases considered their avatars as a graphical representation of themselves
in the virtual environment, and they customized their avatars for the purpose of
(a) differentiation, (b) simulation to themselves, (c) looking funny and (d) disliking
the clothes and default appearance of their avatars. Students’ most-liked things about
their avatars were multiple options, different movement modes and human-like
features of the avatars. However, some of them considered the options as limited and
stated them as their least-liked feature. Overall, the slow movement and style of the
avatars were stated as the least-liked features of avatars. The suggestions of some
students across the cases were that students would like to simulate real world behaviors
to their avatars, have multiple options for customization and apply the characteristics
of cartoon character to their avatar.

Another sub-research question was about group study in 3D environment. Apart from
a few students in each case, most preferences about group study showed that the
students preferred to study in groups. The ideal group size in the VW environment for
the current study was found to be two students in each group. Moreover, qualitative
results indicated that the students in all three cases generally had a good rapport within
their pairs, except for in some situations. Another investigated issue was about pair
assignment. Students’ preferences about group study showed that they would like to
be paired with someone according to their wishes, gender and level. Similarity of tasks
was another important issue in group study. Results indicated that there should be
some differences between the tasks of pairs.
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Another sub-research question was about the satisfaction level of the participants and
determining which factors affect their satisfaction across the cases. The descriptive
results of the quantitative data shows that the most satisfied students were those from
Case-1 (M =4.35), Case-3 (M =4.28) and Case-2 (M =3.99), respectively.
Qualitative findings revealed the factors increasing and decreasing satisfaction of the
students. Apart from the story about the tasks, group study, object construction, having
tasks, off-task activities, 3D environment and tour in the environment emerged as an
increasing factor across all three cases at different ratios. However, story of the tasks
was not stated as an increasing factor by the participants of Case-1. On the other side,
technical problems, studying alone, difficulty of the tasks, and avatar-related problems
were the factors stated by some of the students across all cases as decreasing factors.
However, a less than realistic 3D environment was not found to be a decreasing factor
for the students from Case-1, but was found to be the most decreasing factor in Case-
2 and less so in Case-3. Finally, none of the students from Case-3 mentioned difficulty
of use as a decreasing factor, while a few students from Case-1 and Case-2 found

difficulty of use a decreasing factor.

The final sub-research question was about the design of educational programs across
the cases. The first emerging sub-theme was weekly course hours. The students’ and
teachers’ ideas about the weekly course hours varied across the cases. This was quite
normal since the weekly course hours also varied across the cases, although the total
hours for the course were almost the same. Cross-case analysis results showed that one
and a half and two lesson hours were deemed insufficient, and that three lesson hour
sessions with necessary comfort breaks should be arranged each week. Another
investigated issue was about the tasks. The teachers and students found the tasks to be
adequate to teach the basics of programming to their students. However, some students
would like to have extra task activities. Arranging the difficulty level of activities is
other issue. Apart from a few students, most students and the teachers of all cases
mentioned that the difficulty level of the tasks was neither too hard or too easy,
agreeing that they were generally moderate. The mutual feedback sources for the three
cases were videos and the teachers. Students mostly preferred obtaining feedback from
the videos, followed by feedback from their teachers. The only difference in the

feedback source was seen for Case-2. The last issue investigated was about the
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resources. The students and teachers from all three cases usually found the task cards
and information presentation tools in the 3D environment as helpful. They also offered

some suggestions about them.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The results of the study were presented in line with the sub-research questions of the
study in the previous chapter. In this current chapter, the findings of each sub-research
question are discussed in light of the literature in the same order as presented in the
previous chapter. This chapter actually is organized as per the findings illustrated in
Figure 4.1 provided in the last of section of the previous chapter. Firstly, the perception
of students with regard to SDP is presented. Then, the affordances and challenges of
SDP in programming education are discussed. Thirdly, avatar- and group-related
issues are elaborated on; then, satisfaction, and issues and strategies for the design of
educational programs are discussed in light of the relevant literature. Implications of
the findings and recommendations for further research are then addressed in the final

section.
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5.1 Perceptions about SDP
5.1.1 Perceived ease of use of SDP

Quantitative results related to the perception of students about the ease of use of SDP
indicated that students of Case-2 and Case-3 used the programs without many
difficulties. Students of Case-1 did seem to experience some difficulties, which could
have stemmed from the fact that they did not play 3D games as much as the students
from the other two cases. Previous research suggests that expertise in 3D gaming is an
enabler for adapting the abilities to the 3D environment such as the movement of an

avatar and interacting within the environment (Crellin et al., 2009).

The mean score of the item related to clearness and comprehensivity of the interaction
with the programs was lower than four points in Case-2. Qualitative results indicated
the reason for this could be that some terms on the interface of the programs were
either in English or their translation to Turkish could have been meaningless to the
students. These issues could cause some persistent uncertainty in students’ minds if
they did not have a clear understanding (Esteves et al., 2009). The adaptation process
for using the 3D environment and S40S could take some time. For example, the
inventory, positioning objects in the 3D environment and building code on S40S and
transferring them to the 3D environment were difficult for the first time for most
students across all three cases. Students need some time to understand the concepts; in
time, they can gradually become accustomed to using the programs (Pellas, 2014a).
After the necessary adaptation process, students could make use of the affordances of
the environment in a real manner and feel a sense of empowerment (Rosenbaum, 2008)

by creating meaningful artefacts (Girvan et al., 2013).

Students at any age wonder about the 3D environment and they try to push the limits
of the environment. In the current study, regardless of cases, avatars of some of the
students became jammed between objects and they also tried to go outside of the
region. These difficulties occurred due to students’ misuse of the environment which
could have been prevented via limiting and reducing the 3D environment according to
level of the students (Rico et al., 2011). Both students and teachers found the interface
of the programs easy to use in general, which is parallel to the findings of similar
studies conducted in similar 3D environments with K-12 students (Pellas, 2014b;
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Pellas & Peroutseas, 2016; Rico et al., 2011) and students in higher education (Esteves
et al., 2009; Girvan et al., 2013; Rosenbaum, 2008; Sajjanhar & Faulkner, 2014).

5.1.2 Perceived usefulness of SDP

Acceptance of a new technology as a learning platform is an important issue (Tokel &
Topu, 2016). The results of the perceived usefulness questionnaire showed that
students in all cases perceived VW as useful. Only the item related to perceiving VW
as an enabler to communicate with the instructor scored low in all cases. This was not
surprising because face-to-face interaction was the most preferred and occurred
communication form throughout the courses in all cases. Besides, the item related to
learning at one’s own pace was moderately low in Case-2. A possible explanation for
this might be that some students could not complete the activities because of their
teammate. Previous research supports this explanation as students have diverse
experience levels and they completed the tasks at their own pace at different times
(Esteves et al., 2009). Thus, some of the pairs were unable to complete the tasks at the
same time, and students needed to wait for each other, which seems to have occurred

mostly in Case-2.

Qualitative results of the current study also support the questionnaire results.
According to analysis of the interviews, using VW in programming education
facilitated the learning process. This finding is supported by previous studies showing
that students’ learning in programming education is facilitated when 3D environments
such as ALICE (Bishop-Clark et al., 2006), SL (Girvan et al., 2013; Hulsey et al.,
2014; Jakos & Verber, 2017; Seng & Edirisinghe, 2007), and OpenSim (Pellas, 2014b;
Pellas & Vosinakis, 2017; Rico et al., 2011) are used. These findings suggest that VW
could be used in teaching programming as a tool, which aims to reduce the difficulties
of learning programming (Duncan et al., 2014; Kelleher & Pausch, 2005; Pears et al.,
2007; Sauppé et al., 2015).

Here, there is a need to address the question of whether or not media affects learning,
which has been an ongoing debate over the past decade between two scholars, Kozma
and Clark. In this debate, while Clark (1983) acutely argued that media has no effect
on learning, Kozma's (1991) approach to this contradiction was moderate and he
argued that media might have an effect on the effectiveness of the method applied in
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an instructional design. Therefore, in another of his studies, Kozma (1994) argued that
there is no need to distinguish whether media or method affects learning as suggested
by Clark (1983); that is they could complement each other. Each new medium has
special characteristics and attributes, which help present the information in a different
way as each learner has specific characteristics to make use of each different medium
(Kozma, 1991). For example, in teaching basics of programming, different
programming environments and tools have been developed in order to reduce the
difficulties of programming according to the level of the user or learner (Powers et al.,
2006). The question of whether media affects learning should be avoided, rather it
should be investigated how media could be used for educational purposes and how it
could be best served for this purpose (Yazic1 & Kiiltiir, 2013), which were the primary

purposes of the current study.

Different features and components of VWs could be a driving force to facilitate
learning. The literature review shows that visualization of programming code for
children is an important issue in programming education, because code is an abstract
concept and otherwise meaningless for children (Esteves, Antunes et al., 2008;
Sajjanhar & Faulkner, 2014; Salleh et al., 2013). With the features of VWs providing
visualization and visual feedback, they could facilitate students’ learning process in
programming education (Esteves et al., 2009; Girvan et al., 2013). In this way, VWSs
could create opportunities for learners to reflect on their learning process (Brennan,
2013) and thereby help students to understand the most difficult parts of the learning
process (Tekdal, 2013).

Research has shown that pure visualization is insufficient to facilitate learning
effectively (Naps et al., 2003). Learners need to construct and manipulate meaningful
and shareable objects. At this point, VWSs could provide learners with a wide range of
compelling context for different types of activities that could attract students to the
learning of programming (Delwiche, 2006; Esteves, Fonseca et al., 2008; Kahn, 2007;
Pellas & Peroutseas, 2016). Contextualization is another important component in
learning programming, which could be facilitated when students apply and transfer the
knowledge of programming into real life problem situations rather than perceiving
programming as just a computer-related activity (Esteves et al., 2006; Gomes &
Mendes, 2007; Giilmez, 2009; Lukkarinen & Sorva, 2016). Since VWSs could enable
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contextualization and increase the possibility of transferring what is learned into real
life situations (Dalgarno & Lee, 2010; Duncan et al., 2012; Kahn, 2007; Kluge &
Riley, 2008; Pellas & Peroutseas, 2016; Topu et al., 2017; Warburton, 2009), they
might contribute to facilitate the learning of programming. Features of VWSs such as
an immersive 3D environment, enhanced interaction, engagement and facilitation of
group study could be other contributing factors in facilitating the learning of

programming (Esteves et al., 2009; Pellas & Peroutseas, 2016)

5.2 Affordances and Challenges of SDP
5.2.1 Affordances

Using VW in teaching basics of programming for children and revealing the potential
affordances is one of the primary purpose of the current study. Previous studies have
noted that VWSs have many affordances when used for educational purposes (Dalgarno
& Lee, 2010; Duncan et al., 2012; Kluge & Riley, 2008; Richter & Dawley, 2010;
Topu et al., 2017; Warburton, 2009). Results of the current study have both consistent
and inconsistent findings when compared to the literature. The affordances of the VW
in programming education explored in the current study are interconnected with each
other. The themes that were drawn from this study included having fun, personal
contribution, gaining experience with 3D, facilitating group working, motivation. In

the following part, the results are discussed in light of the literature.

Having fun

Results indicated having fun as one of the affordances of using VW in programming
education. This result is consistent with previous studies showing that students had fun
in the learning process when VWSs were used in different domains such as geography
education (Tiziin, Yilmaz-Soylu, Karakus, Inal, & Kizilkaya, 2009), science
education (Bakar-Corez, 2011; Dieterle & Clarke, 2006) and programming education
(Bishop-Clark et al., 2006; Crellin et al., 2009; Esteves et al., 2011; Pellas &
Peroutseas, 2016). In addition, it has been indicated in previous studies that students
created additional activities just for fun and that they would like to share them with
their friends when programming education was integrated into VWs (Esteves et al.,
2011; Girvan et al., 2013).
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Having fun plays an important role in programming education also. A large body of
research shows that programming lessons face some of the highest dropout rates
(Mason et al., 2012; Robins et al., 2003) since learners can face difficulties in the
learning of programming (Guzdial, 2004; Kelleher & Pausch, 2005; Saeli et al., 2011;
Schulte & Carsten, 2013). The main reasons why students consider programming so
difficult are highlighted in the literature as either students having been introduced to
programming with a bad experience (Esteves et al., 2011), or that the activities used
for the teaching of programming did not make sense to the students and were not
related to their areas of interest (Blackwell, 2002; Maloney et al., 2008; Pears et al.,
2007; Resnick, Maloney, Hernandez et al., 2009). As a result, some students are
therefore likely to find programming a rather boring activity (Papadakis,
Kalogiannakis, Orfanakis, & Zaranis, 2014). At this point, having fun might increase
the likelihood of children liking programming. In this way, it could be possible for
students to develop a passion to learn programming (Resnick & Siegel, 2016), and

thereby increase their participation in programming education.

Personal contribution

Personal contribution is another emerging affordance which has four sub-themes.
Transferring the knowledge of programming into real life was one such sub-theme.
Students thought that they could apply the knowledge acquired in their future life and
that the knowledge could be base for them. The results of the current study are
consistent with the study of Hulsey et al. (2014) in which novice female middle school
students wished to improve their computing career prospects following programming
education in VW. In this way, students would meet the requirements of a computing
intensive world and be better prepared for their future careers (Knobelsdorf &
Vahrenhold, 2013). Furthermore, they would be motivated to follow computed-related
careers (Guzdial, 2015; Menekse, 2015). Interestingly, although it emerged as an
affordance in all three cases of the current study, the percentage of students in Case-1
perceiving personal contribution as an affordance was higher than the others. There
are several possible explanations for this. Case-1 was curricular and the students
mostly consisted of those who were introduced to programming for the first time in

this study. Students in Case-1 generally thought that they could use the knowledge
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acquired in computing-related jobs in their future. Students in other cases were more

aware and had some prior knowledge of programming.

Another affordance was to learn game programming. Results across the cases showed
that students of Case-2 and Case-3 defined this sub-theme as an affordance while no
students in Case-1 mentioned it. The purpose of students in Case-2 and Case-3 in
joining the current study was more to the point, which could be a possible explanation
why no students in Case-1 mentioned the learning of game programming as an
affordance. Based on this finding, students should be led to topics that they are most
interested in such as game programming in teaching basics of programming as a way
to increase their engagement in the learning process (Pellas & Peroutseas, 2016). In
the literature, it was suggested that practicing the knowledge of computing in real-life
situations and real-life problems could help students to learn better rather than just

accruing knowledge (Esteves et al., 2009).

Other investigated affordances were realization of the mission of computers in a
meaningful way and to enhance creativity and imagination. One student from Case-2
and also from Case-3 argued that they started to use computers in a more meaningful
way since they previously only considered computers as a machine upon which to
watch videos or play games before the current study. This interesting result supports
the study of Resnick (2012), who argued that learning programming enables children
to use computers to design, create, and express themselves in a more meaningful way.
Enhancing creativity and imagination is in line with the literature. It was reported that
creating artefacts in SL and programming them increased students’ imagination
(Crellin etal., 2009) and that programming could help students to develop some
important skills (Akcaoglu & Koehler, 2014).

Gaining experience in 3D

Gaining 3D experience was considered as an affordance in each case. At least one
student in all three cases argued that they gained experience in the use of 3D. The
literature review showed that VWSs with their built-in features provide learners with
the ability to experience and build within an immersive 3D environment (Dawley &
Dede, 2014; Messinger et al., 2009). Hulsey et al. (2014) argued that VW enables

learners to experience a wide variety of experiences on 3D modeling and programming
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that other approaches and tools could not afford. For example, it was reported that
creating 3D objects in Alice was difficult despite the fact that it was a 3D programming
tool (Rodger et al., 2010). On the other hand, the easy to use built-in modeling
capabilities of the VW provides novice learners with an environment in which to
engage in and experience 3D (Cooper et al., 2009; Girvan et al., 2013). In terms of
student experiences, 3D VWs coordinate a system of creating, resizing, rotating and
integrating 3D objects, in addition to texture-mapping, which are invaluable

experiences for learners.

Facilitating group working

In the current study, the students studied alongside a peer and completed tasks in 3D
virtual environment together. Results indicate that facilitating group working was
considered as another affordance of VW by most of the students across all three cases.
The results of the current study are therefore in line with previous studies, which show
that VW supports and facilitates group study with its distinctive characteristics
(Choudhury & Banerjee, 2012; Dalgarno & Lee, 2010; Dickey, 2003; Duncan et al.,
2012; Vosinakis et al.,, 2016). This emerged affordance plays a vital role in
programming education because studying with a peer in programming education is
strongly encouraged by many studies in the literature (Bishop-Clark et al., 2006;
Buffum et al., 2015; Esteves et al., 2009; Guzdial, 2015; Hanks, Fitzgerald, McCauley,
Murphy, & Zander, 2011; Kafai & Burke, 2014; Liebenberg, Mentz, & Breed, 2012).
It should be promoted to teach programming in a community where students can
reflect on their communal practice and that children should learn collaborative
working along with their learning of programming (Kafai & Burke, 2014). Issues and

strategies about group study is discussed in the following parts broadly.

Motivation

Motivation was stated as an affordance of VWs in programming education by the
teachers of cases. They argued that using VW positively affects student motivation
towards programming. Motivation is an important component for programming
education since lack of motivation causes students to give up learning programming
and to think that programming is difficult (Gomes & Mendes, 2007; Kurhila &
Vihavainen, 2015; Papadopoulos & Tegos, 2012; Selby, 2015). In fact, many
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programming tools aims to motivate students (Bishop-Clark et al., 2006; Ingram-
Goble, 2013). The findings of current study are in line with previous studies which
show that using 3D tools for teaching programming has a positive effect on students’
motivation such as Alice (Pausch et al., 2000), OpenSim (Pellas, 2014b; Rico et al.,
2011), and SL (Hulsey et al., 2014; Pellas & Peroutseas, 2016; Pellas & Vosinakis,
2017).

The literature review shows that factors affecting motivation for learning
programming in 3D environment were multifaceted. It was found in previous studies
that features of VWs such as the immersive 3D environment (Dreher et al., 2009),
contextualization and transferring what was learned into real life (Esteves et al., 2009),
adding fun to the learning process (Papadopoulos & Tegos, 2012), constructing things
by programming (Hulsey et al., 2014), receiving immediate feedback in 3D format
(Rico et al., 2011), and the game-based learning environment (Cooper et al., 2009) all
have an effect on learner motivation. The qualitative results of the teacher interviews
indicated that the use of a compelling 3D environment, the presence of peers in the
virtual environment, and having fun were all sources of motivation for the students.
These findings should be enriched and need to be corroborated by asking the ideas of

students in other studies.

Other Affordances

Writing code in a professional programming language is difficult for novice students.
On the other hand, it could be helpful for students to realize the real code behind the
pseudocode of a block-based programming tool such as Scratch as the learners’
expertise level increases. S40S transforms the pseudocode into LSL of OpenSim.
Students were able to see the code while transferring to the virtual environment. One
of the students realized about the transformed code and stated that he was investigating
it. The teacher in Case-2 also argued that seeing the code could facilitate student
understanding of the real code that lies behind the pseudocode. There were different
opinions of scholars on this issue found in the literature. Some scholars criticized
block-based programming tools since they do not require learners to type actual code.
For example, Hulsey et al. (2014) argues that students should write real code and see
their syntax errors in text-based programming languages. On the other hand, Brennan
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(2017) argues that those issues would not be necessary for novices, although they
could be considered as the essence of programming experience. From the pragmatist
view, learners should be informed about text-based languages as their expertise

increases, which was also mentioned by the teacher of Case-2 in the current study.

5.2.2 Challenges

Challenges are inevitable when virtual environments are used for educational purposes
due to their technical requirements (Dawley, 2009; Richter & Dawley, 2010), as seen
in the current study. The intent and functionality of the technology, learner needs,
ability and characteristics, and their interplay might have an effect on the challenges
that could be come across (Dickey, 2011). Therefore, some of the challenges seen in
the current study are in line with the literature, while some are specific to the
participants and context of the current study. Revealing potential challenges and taking
necessary precautions is essential because such challenges could impede on the
seamless experience of the learners (de Freitas, Rebolledo-Mendez, Liarokapis,
Magoulas, & Poulovassilis, 2010). In the following parts of this section, the emerging

challenges are discussed in light of the available literature.

3D Environment

The first emerging challenge related to the 3D environment. There was no mutual
challenges seen across in all three cases. For example, students of Case-1 mostly
preferred not to watch the help videos, preferring instead to seek the help of their
teachers. As a result, they did not encounter challenges related to the watching of the
videos. Therefore, some challenges may not be obvious in some cases or perceived as
a challenge by the students unless they came into contact with certain functionality.
Challenges in this sub-theme were generally dependent on the ability of the learners.
Leaners need some generic VW skills such as being able to control the camera, take
objects, or customize their avatar. Previous studies have shown that some students
even at the graduate level might experience difficulties in certain 3D VW-related skills
(Girvan et al., 2013). It was reported that acquiring the relevant skills could be quite
complex for the less technically skilled students (Crellin et al., 2009). Such students
need to be taken into consideration and extra effort applied in order to help them in the

adaptation period.
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Besides, findings showed that some students negatively impacted their 3D
environment such as building huge objects, or somehow damaging the creation of their
peers, or misusing the objects. These kinds of improper user behavior were also
reported in other studies too (Crellin et al., 2009; Pellas, 2014a); although they are
reported as rare in the literature, which is similar to the findings of the current study.
Students should be informed about the appropriate use of VWSs and the results of their
misuse in order to prevent such behaviors. Besides, some additional rules could be
defined in order to prevent instances of undesirable user-oriented behaviors (Jakos$ &
Verber, 2017). Watching videos was another perceived challenge revealed in the
current study. Watching videos in VWSs was also reported as a problematic issue due
to server and client-side lags the study of Choudhury and Banerjee (2012). The lags
related to performance and server and client resources sometimes resulted in missing

textures or frames on videos.

Interestingly, no students perceived the transferring of scripts from S40S to the virtual
environment as a challenge. This finding is inconsistent with the study of Girvan et al.
(2013) in which it was found that using two separate programs could adversely affect

students’ experiences and engagement.

Equipment and Infrastructure

The complexity of the virtual environments brought about some technical challenges
related to equipment and the infrastructure for both educators and the researcher whilst
integrating them into the educational activities. Challenges related to computers and
the network used were the most stated in the current study. It is a known fact that
virtual environments require a high bandwidth connection (Crellin et al., 2009; Dreher
et al., 2009). In some studies, it was suggested that multiple dedicated servers should
be used rather than a single server in order to address issues of restrictive bandwidth
(de Freitas et al., 2010; Dreher et al., 2009). In the current study, even though
bandwidth problems dependent on the server side were minimized by using a special
distribution of an all-in-one OpenSim server package, some problems were
experienced in both Case-2 and Case-3 due to the network infrastructure of those

settings.
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Computer-related challenges emerged in all three cases. Previous studies indicated that
VWs require computer hardware with a high level of performance, especially required
are high-end graphic cards and high RAM levels for both server and client side
(Choudhury & Banerjee, 2012; Cooper et al., 2009). Problems with these areas could
lead to the crashing of computer hardware and/or software, as well as system lag and
down time (Duncan et al., 2012), the slow loading of avatars and textures, or simply
through user log-in problems (Choudhury & Banerjee, 2012). In the current study, the
students were able to create multiple scripts containing any code in order to try the
limits of the virtual environment such as inadvertently adding infinite loops to their
code. Previous studies showed that such user behaviors could result in performance
problems and server-side lag; and as a results, all residents logged into the server were
affected (Choudhury & Banerjee, 2012). Other challenges were specific to cases such
as inadequate light or power outage as seen in Case-1 and the absence of working
headphones in Case-2. In their study, Dunleavy and Dede (2014) argued that
challenges related to student safety and privacy could also be possible in VW-based
studies. However, this was not mentioned as a challenge in the current study because

the use of dedicated servers avoided the issues.

To summarize, the challenges seen in this sub-theme were generally out of the
researcher’s full control, and whilst the researcher could make certain improvements

or take precautionary measures, it is not possible to prevent all tentative challenges.

Tasks

Students faced certain challenges related to their tasks. Grasping what a task was all
about was the single emerged sub-theme that was seen across all three cases as a
challenge. One possible explanation might be that some tasks, their stories and terms
used may not make sense to some of the students. Based on this finding, tasks should
be written that are comprehensible and meaningful for all students, as corroborated by
the ideas of Resnick and Siegel (2016), who argued that meaningful tasks are an
important driver to the developing of a passion towards programming in children. The
difficulty level of some tasks were stated as a challenge by some students in Case-1
and Case-2. In her study, Brennan (2013) argued that children have “desires for
challenging things to do” in programming activities (p. 81). On the other hand,
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Brennan also mentioned that all children became stuck in at least one of their
programming activities and that they felt that those tasks were too difficult.
Accordingly, it can be inferred that designing challenging activities may cause
children to sometimes get into difficulties. Besides, reasons behind the status of getting
stuck were stated as reluctance to invest time, negative feelings and loss of interest
(Brennan, 2013). In the current study, insufficient evidence was found to mention why

students became stuck.

Reaching the place or location of tasks in the 3D VW was the last challenge stated by
students of both Case-1 and Case-2, which is in line with the results of Esteves et al.
(2008). Tasks were scattered across a huge island in the VW, and there were three
colored footprints showing the direction of tasks on the ground. Red and blue
footprints brought the students to the red and blue tasks, respectively, whereas green
footprints brought them to mutual landmarks. Students could ignore or confuse the
meaning of the hallmarks and footprints. Additionally, there could be other factors
affecting this issue, regardless of the signs given in the VW environment. Some
students in Case-1 and Case-2 were less motivated to do the tasks when compared to
the students in Case-3. On the other hand, students of Case-3 were less in number, and
more motivated. When some of the students were left unattended, they moved around
the environment randomly at will, and thereby could miss the correct location of the
tasks. Similar findings were mentioned in the study of Cooper, Carroll, and Liu (2009),
in which they suggested some methods in order to enforce students to follow specific
paths such as placing invisible walls surrounding the paths in the 3D environment.
According to the qualitative results of the current study, it was suggested that
navigation through tasks could be achieved task by task or automatically; that is, when

the learner completes a task, they navigate to the next task automatically.

5.3 Avatar Issues

Users develop an online identity with the help of avatars representing them in the 3D
environment (Dalgarno & Lee, 2010). VWs offer a wide range of avatar types from
perfect human-like clones to bizarre non-human fantasy characters (Crellin et al.,
2009). Representation by avatar in the 3D environment is important in terms of many

aspects such as sense of immersion (Dalgarno & Lee, 2010), identity and trust (Richter
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& Dawley, 2010; Tokel & Cevizci-Karatas, 2014), interaction and collaboration (Hew
& Cheung, 2010) and engagement (Feldon & Kafai, 2008).

Most of the students in all three cases considered their avatars as a graphical
representation of themselves in the virtual environment, which accords with the
findings of Feldon and Kafai (2008). Students built code for completing the tasks and
interacted with others and objects with the help of their avatars. All students had the
same avatars when they first logged in to the virtual environment. To increase their
sense of representation, they were free to choose an avatar and customize its
appearance at the beginning of the study and again later on in their free time. Previous
research reports that students allocate a considerable amount of time and effort in the
selection and customization of their avatars (Crellin et al., 2009; Kafai, 2008; Yee,
2006) which is consistent with findings of the current study. Feldon and Kafai (2008)
investigated avatar-related activities of nearly 600 children aged 8-18 on Whyville
based on multiple forms of data. The participants came from different settings, from a
science class at a private school to after-school programs. Feldon and Kafai found that
all of the participants changed their avatars at least once and at different ratios, and
that avatar-related activities comprised one third of all activities in the virtual
environment. One third of participants changed everything about their avatar’s look.
Others changed parts of their avatar except for their entire face, such as hair or
clothing. In the current study, while the body type, skin color and accessories were
rarely changed or not reported as changed by the students of all cases, the clothing and
hair were reported as having been changed by students of all cases, which is similar to
the findings of Feldon and Kafai (2008).

5.3.1 Purpose of customization

The customization of avatars is really important for students in order to feel
represented with a unique identity (Hulsey et al., 2014) in the virtual environment,
which has an effect on students’ learning outcomes (Feldon & Kafai, 2008),
participation (Kafai, 2008) , and their interaction with others (Messinger et al., 2009).
Thus, it is better to provide multiple options for avatar appearance such as different
types of clothing, and avatar designs (Bakar-Corez, 2011). For example, there are
thousands of avatar parts offered to Whyville users (Kafai, 2010). Although there were
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less in the current study, multiple options for avatars and their clothing were offered
to students in order that they could customize their avatars.

Reasons for the customization of avatars have convergent points across the cases. The
mutual reasons were for simulating avatars to resemble themselves and for
differentiation. Actually, these two reasons are highly interrelated. When the changes
were applied in order to simulate avatars to resemble themselves, then, differentiation
was achieved anyway, and the opposite is also true. Therefore, it could be argued as
all students’ primary purpose of customization were for either differentiation or
simulating resemblance to themselves. This finding is in line with previous studies in
which participants make their avatar look similar to themselves (Cooper et al., 2009).
In addition, Messinger et al. (2009) argued that very few participants simulated their
avatar to resemble themselves very closely, or to be completely different from their
appearance. They added that participants seem to make some features of their avatar
more attractive than their real-life appearance. It was also observed that most of the

students tended to behave in this way in the current study.

Other reasons were to look funny or due to their dislike of the clothes given to the
default avatar. A few students from Case-2 and Case-3 customized their avatars in
order to look funny. Previous research indicated that some students would like to draw
other user’s attention in the 3D environment and that they could use their appearance
as a tool for accomplishing this (Feldon & Kafai, 2008). For example, in their study,
Cooper et al. (2009) reported that some participants created some really crazy outfits
for their avatars. Surprisingly, only the students of Case-1 did not mention this
rationale, which may be due to the setting of Case-1 as more formal than in the other
cases. Disliking the clothes of the default avatar was the last reason given. A possible
explanation of this rationale could be that teens care about their avatar’s appearance
for others to admire or so not to be criticized themselves (Feldon & Kafai, 2008).
Lastly, although the students of Case-3 changed their avatars’ clothing, it was not

provided as a reason for the changes made to their avatars.

5.3.2 Suggestions

Students’ suggestions about the avatars were investigated. Students in all three cases

simulated their real-world behaviors to their avatar in the virtual world. This
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preference is consistent with the study of Duncan, Miller, and Jiang (2012), in which
it was stated that a more realistic environment was usually preferred. A virtual
environment that was close to real life could contribute to the students’ learning in
terms of increasing their sense of immersiveness (Kim et al., 2012; Tokel & Cevizci-
Karatas, 2014) and presence (Witmer & Singer, 1998). Therefore, students’ suggestion
about this issue should be taken into consideration while designing virtual worlds.

Customizing avatars as desired is another important issue as previously mentioned. It
would be better to provide multiple options for avatar appearance such as different
types of avatars, body parts, clothing, and accessories. Limiting changes to avatars to
some extent was also another suggestion made. In the current study, a few unexpected
or undesirable situations occurred when students misbehaved due to a lack of authority
imposed in the environment. In the literature, it was suggested that rather than applying
limitations all of the time and for all, it could be helpful to apply restrictions for a
limited time and to those who misuse the 3D environment (Crellin et al., 2009). The
last suggestion was about being able to apply the characteristics of a cartoon character
such as having the power of Hulk, or Superman’s cloak, which is in line with the
findings of Kafai (2008), who found that most students attached something they liked
in real life to their avatars such as Matrix glass. These kinds of attachment could be

offered to students in VWs, as well.

5.3.3 Most- and least-liked things

VWs could be considered as a stage where avatars represent the users (Kafai, Fields,
& Cook, 2010). Thus, it could be important to reveal what students liked most and
least about their avatars. Results indicated that while avatar and clothing options were
stated by most of the students in all cases as the most-liked, they were considered
limited by some students in Case-2 and Case-3. These findings indicated that some
students had high expectations about avatar design, and they considered the available
choices as limited. Similar to this finding, avatar customization in SL was stated as
one of the least-liked aspects (de Freitas et al., 2010). Results surprisingly showed that
the type of movement of the avatar (walk, run and teleport) was stated by most of the
students in all cases as the most-liked feature of the avatars, while the slow movement

of avatars was stated by a few of the students in all cases as the least-liked thing about
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avatars. On occasions, there were some lag experienced with the avatar’s movement
and appearance due to technical issues of the current study. Unexpected situations
could be behind seemingly contradicting results, as de Freitas et al. (2010) argued

“technical issues did significantly impede the users’ seamless experience” (p. 80).

Human-like features of avatars were stated by the students of Case-1 and Case-2 as
the most-liked feature, whereas no students in Case-3 stated it as the most-liked. It can
therefore be inferred that students in Case-3 did not care about the features of their
avatars. Some students in all three cases, however, disliked some issues regarding the
style of the avatar, such as walking style or cross-eyed appearance. This mostly
depended on the preferences of the users. The important point to be considered here is

that users should be able to customize their avatar as desired.

5.4 Group Issues and Strategies

Although the format of group study could be changed, previous studies have shown
that studying in a group with peers has an effect on the success, motivation, reflection,
enjoyment, retention, confidence, and assistance, as well as bringing about some
problems (Esteves et al., 2011; Guzdial et al., 1996; Hanks, 2008; Hanks et al., 2011,
Liebenberg et al., 2012). The literature review shows that VWs with their distinctive
features allow learners to study in groups (Dalgarno & Lee, 2010; Duncan et al., 2012;
Richter & Dawley, 2010). Issues and strategies about group study in VW found in the

current study are discussed in light of the literature in the following part.

5.4.1 Group study

Programming has a bad public image as a solitary activity performed by socially
“awkward” people (Brennan, 2013; Rosenbaum, 2008). In contrast to this image, it
should be seen as a communal practice (Kafai & Burke, 2014) as in the current study,
where most of the students studied with one of their peers in the virtual environment.
Students’ preferences about group study showed that most of them preferred to study
in groups. These findings are in line with the previous studies (e.g. Hanks, 2008; Hanks
etal., 2011; Liebenberg et al., 2012), in which most of the students enjoy and prefer

studying with a peer.
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As to students who would like to study alone, only one student was found in each case.
Similar to this finding, Liebenberg et al. (2012) reported that a small number of
students in their study preferred to study alone, but no reason for this was stated.
Findings of the current study suggest that they could be concerned with the students’
characteristics and settings. Enforcing students to study with peers might result in
some negative issues. Therefore, it is better to take students’ preferences into

consideration as whether to study alone or within a group.

There is sufficient evidence in the literature that shows that group study has a positive
effect on students’ learning and satisfaction (Sajjanhar & Faulkner, 2014), reflection
(Esteves et al., 2011), success and confidence (Hanks, 2008), engagement to perform
activities (Pellas & Peroutseas, 2016), and enjoyment (Buffum et al., 2015) in
programming education. Accordingly, it is seen as an effective approach for teaching
programming (Guzdial et al., 1996). It should be reported that the method employed
might have an effect on group study. However, the use of VW with its distinctive
features holds opportunities in terms of sustaining and enhancing group study too
(Dreher et al., 2009; Vosinakis et al., 2016). The important point here is that the
method was in accord with the media adopted for the current study because the
instructional method had a relationship in designing a learning environment with a
specific medium. This is based on Kozma’s (1994) argument that interaction between

method and media affects learning and other issues.

The most notable form of group study investigated in the computing literature is pair
programming (Buffum et al., 2015). In pair programming, two peers study together to
create solutions to problems by sharing a mutual computer (Bishop-Clark et al., 2006).
In the current study, the students also studied in pairs in a similar way to pair
programming. However, the procedures of pair programming were not exactly
followed by the current study. For example, the students were not separated as
“observer” or “driver,” as in pair programming. On the other hand, there were some
similar points between them, such as studying in pairs and sharing the responsibility
of completing a number of tasks together within the 3D environment. In the current
study, two students were responsible for solving a number of similar tasks together by
using the features of the VW. Results indicated that students in all cases helped each
other on issues concerned with tasks, 3D environment and code. When the amount of
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helping across the cases was investigated, students of case -2 seems to help each other
most. These results could be due to fact that this case consisted of highest number of

students.

Group size

Preferences and argumentations of most of the students in Case-2 and Case-3, and all
teachers’ ideas show that the ideal group size in the VW environment for the current
study was two students. However, most of the students in Case-1 argued that it could
be more than two, although they were not able to provide a logical reason for their
preference. It is difficult to explain this result, but it might be related to the fact that
they have known each other for more than four years and perhaps therefore would like
to be in the same group. Argumentation of a student in Case-1 supports this; who stated
that all the girls and boys in the class could be in two separate and large groups based
on gender. In a previous study by Uggiil and Cagiltay (2014), they argued that deciding
on the optimum number of students in a group study is related to various factors such
as defining a responsibility for each member or the activities designed. The finding of
the current study is consistent with the previous research which inclines struggling
with crowded groups could be harder for the facilitator to follow their students’
progress since the students could become bored in large group studies (Uggiil, 2012)
and distracted easily by off-task activities in the virtual environment (Cooper et al.,
2009; Pellas, 2014b; Sajjanhar & Faulkner, 2014).

Rapport and problems

Results indicated that the students in all three cases generally had a good rapport with
their pairs, except for in some situations. Damaging the activities of the fellow peer
was the most common problem encountered in this study. While working in the virtual
environment together, students sometimes damaged the activities of their fellow peer
by mistake. This problematic and undesired issue was also mentioned in the study of
Hulsey et al. (2014), a study which aimed to teach introductory programming to middle
school participants in a similar context to the current study. Based on this finding,

students should be forewarned about this potential issue.
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Distracting the teammate from their own tasks was another problematic issue reported,
as stated by the students of Case-3. Previous research argues that distraction from the
learning objectives is more probable in a 3D environment when compared to other
mediums (Crellin et al., 2009). Another problematic issue was that the peers in Case-
1 completed the tasks in different speeds, which could well hinder the effectiveness of
a group study. The underlying reasons for this situation are linked to the pair
assignment, which is discussed in the next part. Lastly, there is insufficient evidence
to argue why the last two problematic issues occurred in one specific case and not in

the others.

5.4.2 Pair assignment

Assigning well-matched group members is another fundamental issue associated with
group studies (Buffum et al., 2016). Students in all three cases were generally paired-
up with other students according to own their wishes. Results indicated that there were
no examples of considerable disparity between the peer pairs, except for the pace of
work issue mentioned in Case-1. Previous research shows that matching a slow
performing student with a fast performing student resulted in frustration in terms of
completing activities (Liebenberg et al., 2012) and team dynamics, which is in line
with the findings of Case-1. Different strategies about pair assignment were suggested
in previous studies such as assignment according to wishes (Buffum et al., 2015), by
personality traits, similar levels of experience, and skill (Buffum et al., 2016; Hanks
et al., 2011) and dedication (Liebenberg et al., 2012).

Results revealed similar preferences about the optimal groups across the three cases.
Most of the students preferred to be paired with someone of their choice, and a few
students preferred to be paired with a student of the same gender. Lastly, the teacher
of Case-2 and one student in Case-3 argued that defining group members could be
achieved according to the level of the student. Previous research suggests that the level
of the students could be taken into consideration, preferably while assigning pairs since
similarity between the level of pairs is mostly related to pair compatibility (Hanks
et al., 2011). The findings of the current study also suggests that students’ wishes as
well as their gender for some situations should be taken into consideration with regard

to this issue. The last suggestion was that the instructor/teacher should be open to
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reconsidering team profiles and to be ready and willing to change the members of
incompatible pairs (Hanks et al., 2011).

5.4.3 Similarity of tasks

Another important issue was whether or not the tasks of the pairs should be identical.
Students’ preferences indicated that tasks assigned to grouped pairs should have some
differences rather than be exactly the same. When the tasks are exactly the same, some
members of the groups might not want to complete the tasks or they might just cheat
and copy their team mate’s code in order to complete the same task. This may result
in an imbalanced group study, in which one pair completes and dominates the tasks
while the other misleads and lacks the necessary learning experiences (Buffum et al.,
2015). Previous research argues that granting pair the responsibility for the tasks is

essential for an effective group study (Ucgiil, 2012).

5.5 Satisfaction

Results of the students’ satisfaction questionnaire across the three cases were almost
all in excess of four points; with only the mean score in Case-2 slightly lower, but
quite acceptable. One possible explanation for this might be that the class was more
crowded and it was therefore more difficult for the teacher to deal with all the students.
Another possible explanation might be that some of the students had high expectations
from the club and using the VW might not have satisfied their expectations as a whole.
Similar to this situation, the findings of Case-1 corroborate the second explanation
because the students in Case-1 had low expectations from the current study and their
satisfaction level was the highest. The overall results of each single case are consistent
with previous studies, showing that the use of VW with its distinctive features has a
positive effect on students’ satisfaction in general (Hew & Cheung, 2010), and in
programming education (Buffum et al., 2015; Girvan et al., 2013; Hulsey et al., 2014;
Pellas & Kazanidis, 2014). Factors affecting the students’ satisfaction are discussed in
the following part. While designing VWs for programming education, these issues

should be kept in mind.

215



5.5.1 Factors increasing satisfaction

Factors affecting students’ satisfaction were revealed in the current study. Group
study, object construction, tasks, their stories, off-task activities, the 3D environment
and touring the environment were found as factors that increased the satisfaction level
of the students. Group study and tasks were the most-cited in all three cases. Findings
of the literature review are also in line with the findings of the current study. These
results validate the findings of previous studies, arguing that having a partner and tasks
that draw the attention of learners are factors associated with increasing the satisfaction
of leaners (Bishop-Clark et al., 2006; Buffum et al., 2015; Crellin et al., 2009; Girvan
etal., 2013; Rico et al., 2011).

There were no major differences among the factors except for the story of the tasks
across the cases. The story of the tasks was not found as a factor in Case-1. Object
construction, off-task activities, and the 3D environment were not mentioned as
increasing factors by the students of Case-1 as much as in the other two cases.
Differences across the cases may therefore be due to timetabling issues associated with
Case-1, where students did not have so much free time to do any off-task activities or
explore the 3D environment at will. Results of the single cases are therefore in line
with the literature review, showing that generic features of VWs such as the ability to
move around freely (Hew & Cheung, 2010), being able to create 3D objects and code
them without difficulties (Girvan et al., 2013), and the existence of fun activities
(Esteves et al., 2009) made the learning process enjoyable for the students.
Additionally, “Working with peers on something meaningful is usually significantly

more engaging and fun” (Berland, 2017, p. 140).

5.5.2 Factors decreasing satisfaction

Technical problems, studying alone, difficulty of tasks, and avatar-related problems
were the least-liked factors stated by some students across all three cases and caused
a decrease in the students’ satisfaction. Previous studies found that technical problems
were the biggest obstacle to student satisfaction in the use of VWs for educational
purposes (Dawley & Dede, 2014; Hew & Cheung, 2010; Rosenbaum, 2008). The
literature review shows that challenging tasks could lead students to Paper's (n.d.)
“hard fun”; however, it might also lead them to frustration and getting stuck when the
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difficulty of tasks increased beyond their ability or comfort level (Brennan, 2013). The
difficulty of tasks emerged as a factor that decreased satisfaction in the current study,
which seems to be concerned with the latter argumentation of Brennan (2013). This
finding suggests that there should be adequate support available for the students in

order to prevent this situation from occurring.

Difficulty of use was also stated as a decreasing factor for student satisfaction. Some
complex structures of the VW were mentioned in the first research question that could
be the cause of this situation. Surprisingly, a less than realistic environment was not
found as a factor decreasing satisfaction in Case-1, but it was found as the most
decreasing factor in Case-2 and less so in Case-3. This shows that while students of
Case-2 had high expectation about the realism of the 3D environment, students of

Case-1 did not have any concerns about this issue.

5.6 Issues and Strategies for the Design of Educational Programs

The current study was implemented in three different educational programs. There
were some similarities seen among the programs as well as some differences stemming
from differences among the context and settings of the programs. Issues and strategies

found in each educational program are discussed in light of the literature in this section.

5.6.1 Course hours

The settings of each case were different from each other. Case-1 and Case-2 were
conducted in a school setting and were more formal than Case-3 which was conducted
in an out-of-school setting as an after-school program. Although the total number of
hours were the same, the weekly course hours were two lesson hours for Case-1, one

and a half lesson hours for Case-2, and three lesson hours for Case-3.

Most of the students in Case-3 only stated that the weekly course hours were adequate.
When the weekly course hours were insufficient, tasks could be left half-finished and
students faced doing them all over again the following week. Moreover, arranging and
maintaining the necessary programs ready for the course each week was a struggle
since the VWs required extensive technical support (Choudhury & Banerjee, 2012).

These cross-case analysis results may help to understand that one and a half and two

217



lesson hours were insufficient, and it would be advisable to arrange three lesson hour

sessions with necessary comfort breaks each week.

One interesting finding was that students of Case-1 found two lesson hours per week
for the first part of the study and three lesson hours for the second part of the study to
be insufficient. Students of Case-1 wanted to spend more time working in the VWS,
which might be concerned with the fact that they liked learning programming in VWs
and were more satisfied by it. This inference is in line with the findings of Hulsey et al.
(2014) in which students asked for extra time to spend in the VW due to similar
reasons. Another reason could be the fact that they liked the idea of learning
programming instead of learning traditional ICT topics.

5.6.2 Tasks

The subject needs to be delivered to students in appropriate forms in accordance with
the underlying instructional theory, GBS. Each programming concept was aimed to
teach students via tasks in a cumulative way; thus, the number of tasks is important in
order to present the content. As to the number of tasks covered in the VW environment,
the teachers found them to be adequate to teach the basics of programming to their
students. However, some of the students argued that the number of tasks was
insufficient and that they would like to have additional tasks. The results indicated that
at least one student in each case would like extra activities. This finding suggests that
preparing additional task activities could be helpful for students, especially for those

who are able to complete their activities ahead of their peers.

Tasks were designed from simple through to advanced. Except for a few tasks, their
difficulty level were generally stated as moderate by most students and their teachers
in all three cases. Arranging the difficulty level of activities is an important issue. As
mentioned in the related part of “Factors decreasing satisfaction” in this chapter,
challenging activities to some extent could lead students to have fun in line with
Papert’s “hard fun” concept (Esteves et al., 2009). On the other hand, over-difficult
activities could lead to students becoming stuck on an activity (Brennan, 2013). The
latter situation could leave students feeling alone about how and what to do next, and

lead them to abandon the task(s) or even the course as a result, unless the necessary
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support is not immediately obvious to them. The issue of feedback is discussed in the

next section.

Each task had an interesting story relevant to the learning objectives for the students.
In the story of the tasks, some of the characters were narrated such as a café owner,
However, they were absent in the 3D environment, and most of the students suggested
that those characters should be represented in the 3D environment too. In order to
achieve this, it was suggested to use agents or NPCs which fulfill a pre-defined
programmed activity continuously or triggered via an interaction (Kapp & O’Driscoll,
2010; Tiiziin & Ozding, 2016). Previous studies found the existence of NPCs and
quality interaction between them and the learners would motivate the learners towards
to the content (Dede, Clarke, Ketelhut, Nelson, & Bowman, 2005; Veletsianos, Heller,
Overmyer, & Procter, 2010).

The final suggestion was to show an indicator of the completed tasks on the screen.
Previous research suggests the use of a Heads-up Display (HUD) object, which is a
2D object located on one part of the viewer screen as a fixed bar graph which guides
and keeps tracking information on the learners (Cooper et al., 2009). These issues

should also be taken into consideration.

5.6.3 Feedback

Feedback is an essential component of any educational activity, and deemed helpful
for students since it leads them from the actual level to a desired level (Ramaprasad,
1983). In parallel with GBS, the current study provided feedback to the students
through coaches and expert stories. Teachers, the researcher and sometimes the peers
were sources of real-time feedback. Moreover, a video clip showing the steps how an
expert would perform each task was presented to the students in order to provide them
with a form of instant feedback. Only the first type of feedback according to GBS,

consequences of actions, was ambiguous for students in the current study.

Visualization tools enable learners to see the consequences of their coding in different
formats (Jakos & Verber, 2016). Students could then see the consequences of their
code inavisually rich and animated format in 3D VWSs. Various scholars have reported

similar findings that students were able to receive an obvious feedback by following
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the behavior of the object coded in the VW (Dreher et al., 2009; Esteves et al., 2011;
Pellas, 2014b). Although this could be assumed as a first kind of feedback for learners
in GBS, there were some missing points that also need to be addressed. Firstly, the
findings of the current study indicated that it took some time for learners to realize that
this indeed a form of feedback. Also, the students were not informed emotionally at
the end of their actions in the virtual environment, and they were just expected to

understand the consequences of action.

Most of the students’ preferences for a source of feedback were generally their teachers
and the expert videos. Only the students of Case-2 preferred to take feedback from
their peers, which differed from the students in the other two cases. Physical existence
of the teacher and the researcher as coaches made feedback possible for the students
at any time. Some of the students in all three cases headed towards the other feedback
source, which was the expert videos available to view in the 3D environment. This
was for various reasons. Firstly, the coaches failed to satisfy all the students’ instant
feedback requests, especially when the course was particularly crowded. It was found
in previous research that students could experience delays in receiving feedback,
which is meaningless to them when the teacher is the only available source of feedback
(Esteves et al., 2011). Secondly, it was reported in the literature that some students
might not prefer to receive feedback from the teachers due to a feeling of
embarrassment (Schank, 2002). Finally, the expert’s videos ease of implementation
and dispersion could affect the students’ preference. The only difference among the
cases in terms of feedback source was that some students in Case-2 preferred taking
feedback from their peers. On occasion, the teacher and videos might be inadequate
due to the high number of participants in the case. Besides, the findings of the single
case analysis indicated that taking feedback from peers was easy and instant for the

students.

Suggestions of students were about the use of NPCs as a feedback source,
enhancements in video clips, and the existence of teachers in the virtual environment.
Previous studies showed that NPCs could be used for giving real-time feedback in a
virtual environment (Hew & Cheung, 2010; Holmes, 2007). In his study, Holmes
(2007) developed an expert agent giving instructions to students in ActiveWorlds and

it was found that the learners’ understanding of procedural instructions were facilitated
220



via these agents. This finding suggests that the idea of using agents as experts could
be adapted to the application used in the current study. It could be seen as better than
the expert videos since interaction in the video clips was limited. Another suggestion
was that video clips could be made shorter and more to the point. It was found that the
virtual presence of the teacher helped the students when they became stuck or had a
problem (Sajjanhar & Faulkner, 2014). Therefore, the teacher should stay online for
longer periods in the virtual environment as suggested by some of the students in the
current study. The final suggestion made was to give students hints within the 3D
environment about tasks. This suggestion should be taken into consideration because
just informing learners about their actions and nothing more could lead to student
frustration (Hsu, 2009).

5.6.4 Presentation of instructional materials

One of the components of GBS was to provide resources to students. Instructional
materials related to activities were delivered to the students on boards as posters or
videos within the virtual 3D environment, as well as being provided with hardcopy
task cards. The results showed that some of the students did not view the boards very
much. One possible explanation for this result might be that the boards in the virtual
environment sometimes loaded slowly and they also did not attract the attention of the
students. It can therefore be suggested that the boards should be made more attractive

and load faster.

Another instructional material was the hardcopy task cards, which were distributed to
each student before the lessons. They contained information about tasks. The findings
showed that the task cards were helpful in terms of following the assigned tasks to be
completed. Some of the students suggested that they could be made more brief and
that they could also contain the code of each task. In parallel to this suggestion, a
repository of code and resources could be used, as proposed by Esteves et al. (2009).
These suggestions are important in that Giilbahar, Avci, and Ergiin (2012) argued that

resources in GBS should be well-organized and easily accessible.
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5.7 Implications of the Findings

The current study aimed to investigate the use of VWs in teaching basics of
programming for children in different educational programs and find the similarities
and differences between the programs. The following implications can be offered for

educators and researchers based on the findings of the current study:

e This study showed that VWs with a low floor programming tool could be used
in teaching basics of programming to children in different educational
programs. Children used such programs without any major difficulty. The
multiuser nature of VWSs, code visualization in 3D format, contextualization of
what was learned in real life, and providing multifaceted feedback allow
children to better understand programming.

e The findings of this study found important affordances that traditional
approaches lack in teaching programming such as having fun, motivation, and
facilitating group study, and specific affordances to VWSs such as gaining
experience on 3D and game programming when VW was used in programming
education.

e Encountered challenges could impede on the students’ experience. Especially
computing requirements for both server and client side are important in terms
of sustaining the virtual learning environment. The use of VWs requires
additional time and effort to make best use of them. Other issues happen out of
the researcher’s control, so practitioners and researchers should be pre-
informed and take necessary precautions before any implementation.

e Findings showed how particular educational programs could be better
designed, and how issues and strategies concerned with activities, course
hours, and feedback affect each program. Educators and researchers alike
should consider and take note of them.

e Factors increasing and decreasing satisfaction were revealed for each program,
which are important for practitioners aiming to teach programming in VWs.

e Children as well as parents might assume VW as a 3D game played just for fun
and children could easily be distracted in the pervasive 3D environment.

Practitioners need to be aware of such risks.
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Issues and strategies for group study in VW were defined for each program.
Studying with peers is important to teach basics of programming for children,
and these points could provide a basis to better understanding the use of VWs
in group studies. Besides, the multiuser nature of VWs can bring about new
opportunities for pair programming.

Participants’ expressed that they liked being represented by avatars. However,
children like to significantly customize their avatars. They would also like
some activities to be made easier, such as taking objects, and using the
inventory. Practitioners could provide many more options for avatar
enhancement by users.

Similarities and differences among educational programs are important for
educators, school management and other stakeholders wanting to teach
programming to children. This study provides important points for each
educational programs that educators and other stakeholders could benefit from
when considering using VW in their programming education.

5.8 Recommendations for Further Research

In this section, recommendations for further research are addressed based on the results

and limitations of the study:

Each case of this study was conducted in a physical environment, with students
participating in virtual learning activities within a computer laboratory. They
interacted with each other in both the real world and the virtual world. Real
world interaction could affect children’s virtual world interaction and this may
cause some lack of understanding of VW in programming. For example, face-
to-face interaction was the most preferred and occurred form of
communication throughout in all three cases, whereas other communication
channels were barely used. Therefore, similar studies could be conducted with
participants physically separated by location by investigating the dynamics of
the virtual environment.

This study aims to teach the basics of programming to children. Further studies
could investigate the use of VWs in teaching different levels of programming

such as advanced level of programming with different activities. Furthermore,
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instead of S40S, other programming tools that yield the ability of creating
complex code could be used, with a wider range of complex activities. For
advanced level of programming, VWs’ own language could be used rather than
using a low-floor programming tool. It might then be possible for researchers
to understand whether only VW could be used in programming education.
Multiple dedicated servers were used in the current study. However, only one
dedicated server could be used by eliminating bandwidth and server problems.
In this way, more students could participate in a study at their own
convenience. Server records such as avatar activities and chat records could be
employed as a valuable data source for further research studies. For example,
distracting points in the virtual environment could be easily detected which
currently distract children from concentrating on learning activities in the 3D
environment. Findings could even be corroborated with server records in
further research.

The OpenSim application was used in the current study as a VW. Other virtual
world applications with different features could be investigated; for example,
some VW applications allow users to share screens, which could be important
in group study and pair programming. Further research could be conducted
with applications with such features to investigate their effects on
programming education.

Further research can investigate the components of group study, and thereby
bring about new opportunities for pair programming.

NPCs and the interaction between them and users might be investigated as a
source of feedback in similar studies. Factors affecting the effectiveness of
using NPCs in programming education might also be studied in future research.
Similar study that are fully online can be conducted with large number
participants whom were selected via other sampling methods. Generalization
can then be applied by employing interferential statistics to data obtained with
valid instruments.

Some affordances of using VW in programming education explored in the
current study are interconnected. Similar studies could be conducted with

different participants and the relationship among them explored.
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Unguided activities should be done fully online, and the existence and presence
of the teacher kept at a minimal level in future studies. Time and places to play
in the 3D environment could be increased to some extent since students should
be free to build creative artefacts by playing with the available features of the
environment and then to code them. When students are free to experiment
playfully and then work on meaningful projects (Brennan, 2013),
programming education would be more meaningful rather than following the
traditional aims of teaching programming such as considering it solely as a

means to getting a technical job (Resnick & Siegel, 2016).
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APPENDIX A

LEARNING GOALS

Algoritma ve programlamanin temel kavramlari: Problemin ¢6ziimii igin
yapilmasi gereken temel asamalar hakkinda bilgi, algoritma kavraminin ¢ocuklara
Ogretilmesi

¢ Problemin tanimi

¢ Coziim yolunun tespiti

¢ Algoritma (akis semasi) hakkinda bilgi ve hazirlanmasi

¢ Akis semalarinin gorsel olarak gosterilmesi
Dongiiler(for, while, do while): Programlamanin temel komutlarindan olan
birden fazla tekrar edilmesi istenilen kod veya kod gruplari i¢in kullanilmasi
gereken kod blogu,

¢ ... defa tekrarla : bir kod blogunu verilen say1 kadar tekrar halinde ¢alistirir.

¢ Sirekli tekrarla: verilen kod blogunu siirekli olarak ¢alistirir.
Kontrol Yapilan (if, ve else if): Bulunulan duruma uygun olarak, program akisi
icerisinde uygun kosul climleleri kullanmak. Programlamada temel olarak
kullanilan programin akigini1 bir kosula gore degistiren if (eger)...... else ve if
(eger) ..... else if kod bloklarnin kullanim1
Mantiksal Smama: Bir durumu baska bir durumla esitlik, biiyiiklik veya
kiiciikliik yoniinden karsilagtirma ve sonrasinda bir sonug olusturma.

¢ a>b,a<b,a=b

¢ aveb,ayadab
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¢ akiiciik degildir b
Rastgele Sayilar: Program akisi icerisinde ihtiya¢ duyulmast halinde rastgele
olarak belirlenen aralikta say1 liretme ve bunu gerekli yerlerde kullanma.

¢ 1 ile 10 arasinda bir say1 tut
Kullanic1 Etkilesimi: Olusturulan kodlarin kullanicinin yaptigi bir hareket
sayesinde ¢alistirilmasinin baslatilmasi veya tetiklenmesi, programin kullanici ile
etkilesimi

¢ Bir objeye dokunulmasi durumu

¢ Avatarin bir objeye ¢arpmasi (collision) durumu

¢ Objenin olusturulmasi (created) durumu

¢ Kaullanicinin klavyeden bir sey yazmasi
Degisken kavrami: Degisken, kullanim amaci, ve sekli

¢ Degisken olusturma, isim verme ve deger atama

¢ Degiskenler ile ilgili matematiksel ve diger islemler,

¢ Degiskenin degerini degistirmek
Objeler Arasi lletisim ve Senkranizasyon: Ortamdaki objelerin birbirleriyle
iletisimi ve bir birlerine komut (parametre) géndermeleri.

¢ Bir zil objesine basilinca kapmin (bir diger objenin hareket etmesi)

acilmasi gibi

Programi Sinama ve hatalari giderme: yazilan kodlar1 test etme ve varsa hatalari

diizeltip tekrar calistirma.
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APPENDIX B

COVER STORY

Merhaba,

Bu kasabada bir takim sorunlar olmus ve aksakliklar meydana gelmistir. Ornegin
Yesilirmak tizerindeki kopriiniin yikilmasi ve yeniden insa edilmesi, bazi evlerin
merdiven ve bahg¢e duvarina ihtiyag duymasi gibi sorunlar, ya da bir kafenin sayaca

ihtiya¢ duymasi aksakliklar vardir.

Bu kasabada; takim arkadasin ile birlikte her birinize toplam 12 tane olmak tizere 24
tane tamamlanmasi gereken gorev bulunmaktadir. Her bir gorev i¢in gerekli
malzemeler ve bilgiler, ortamda donen renkli kutular araciligiyla sana verilecektir. Bu
kutuya dokundugunda gorevi tamamlamak i¢in ihtiyacin olan her sey envanterine
gelecektir. Ayrica sana verilen gorev kartlarindan gorevler hakkinda bilgi ve uyarilara

ulasabilirsin.

Senden istenilen bu gorevleri takim arkadasin ile birlikte tamamlamaktir. Bu sirada,
arkadasin ile yardimlasabilir, soru sorabilir ve her tiirli fikir aligverisinde

bulunabilirsin.

Unutma, bu kasabanin gelecegi takim arkadasin ile birlikte sana emanet...
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APPENDIX C

PERMISSION OF METU-ETHICAL COMMITTEE

—
UYGULAMALI ETIK ARASTIRMA MERKEZI ORTA DOGU TEKNiK UINIVERSITESI
APPLIED ETHICS RESEARCH CENTER MIDDLE EAST TECHNICAL UNIVERSITY

Sayi: 28620816 / 3 (,\
DUMLUPINAR BULVART 06800
CANKAYA ANKARA/TURKEY
T:+90 312 210 22 91
F: +90 312 210 79 59

ueam@metu edu tr 09 EYLUL 2015
Www. ueam imetu.edu tr
Gonderilen: Yrd. Dog. Dr. S.Tugba TOKEL
Bilgisayar ve Ogretim Teknolojileri Egitimi
Gonderen: Prof. Dr. Canan SUMER
insan Arastirmalari Komisyonu Baskani
igi: Etik Onay

Danismanligini  yapmis

Bilgisayar ve Ogretim Teknolojileri  Egitimi
Aras. Gor. Ali BATTAL ‘in “3D Sanal Diinyalarin Gocuklara Yénelik Programlamaya Girig Egitiminde Etkili
Bir Sekilde Kullanlmasi: Bir Durum Galismasi” isimli arastirmasi “ Insan Arastirmalari Komisyonu
tarafindan uygun gérilerek gerekii onay 01.09.2015 -31.08.2016 tarihleri arasinda gegerli olmak tizere
verilmistir.

Bilgilerinize saygilarimla sunarim.

Prof. Dr. Canan SUMER
Uygulamali Etik Arastirma Merkezi

insan Aras lari Komi: Baskani |
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APPENDIX D

PERMISSION OF MINISTRY OF NATIONAL EDUCATION

1
el bt T.C. CuneNCHISLER!
£ "',‘ ANKARAVALILIGI | pasge gas 1L
\‘ J Milli Egitim Miidirligi Ev. Ars. 11d, Saat §
Say1 : 14588481-605.99-E. 10463716 16.10.2015
Konu: Arastirma izni
ORTA DOGU TEKNIK UNIVERSITESINE
£ (Ogrenci Isleri Daire Baskanlig)

ligi: a) MEB Yenilik ve Egitim Teknolojileri Genel Midiirliigiintin 2012/13 nolu Genelgesi.
b) 30/09/2015 tarihli ve 9708 sayili yazimz.

Universiteniz Doktora Ogrencisi Ali BATTAL' in "3D sanal diinyalarin cocuklara
vonelik programlamaya giris egitiminde etkili bir sekilde kullamlmasi: Bir durum
sahsmast" baslikli tezi kapsaminda calisma yapma talebi Miidiirligiimiizce uygun gorillmiis
ve aragtirmanin yapilacag Ilge Milli Egitim Mildiirligiine bilgi verilmistir.

Uygulama formunun (8 sayfa) arastirmaci tarafindan uygulama yapilacak sayida
¢ogaltlmasi ve galismanin bitiminde bir Grneginin (cd ortaminda) Miidiirligimiiz Strateji
Gelistirme (1) Subesine gonderilmesini arz ederim, 4
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APPENDIX E

PARENT CONSENT FORM

Saymn Veli,

Bu calisma ODTU - Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii gretim
tiyelerinden Yrd. Dog. Dr. S. Tugba TOKEL danigmanliginda, Ars. Gor. Ali BATTAL
tarafindan yiiriitiilmektedir. Bu form c¢ocugunuz ile yapilmasi planlanan arastirma
kosullar1 hakkinda sizi bilgilendirmek i¢in hazirlanmistir. Bu ¢aligmanin amaci, son
zamanlarin popiiler konusu olan programlama egitiminin ii¢ boyutlu sanal diinyalarda
etkin olarak yapilmasi ve bu egitime etki eden sanal diinya ile ilgili faktorlerin
incelenmesi olarak belirlenmistir. Bununla birlikte ortamin programlama egitimine

sagladig1 olanaklar ve ortam ile ilgili sinirliklar bu ¢alisma kapsaminda incelenecektir.

Bu calisma boyunca ¢ocugunuzun {i¢ boyutlu sanal ortamda arastirmaci tarafindan
programlama 6gretimi i¢in hazirlanan gorevlerin bir kismini bireysel, bir kismini ise
takim arkadas1 ile birlikte tamamlamasi beklenmektedir. Calisma sonunda yukarida
belirtilen amaglar dogrultusunda c¢ocugunuz ile bir gorlisme yapilmasi
planlanmaktadir. Cocugunuzun bu goriisme sirasinda bizimle paylasacagi goriisler son
derece dnemli oldugu ve en ufak bir goriis kaybina sebebiyet vermemek i¢in ses kaydi
yapilmasi1 planlanmaktadir. Bu kayitlar sadece arastirmaci tarafindan incelenecektir.
Caligmaya katilmak tamamen goniilliillik esasina dayalidir Cocugunuz arzu ettigi

takdirde hig bir yaptirima maruz kalmadan katilimdan vazgecme hakkina sahiptir.
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Bu calisma hakkinda daha fazla bilgi almak, her tiirlii soru ve/veya yorumlariniz igin
Ars. Gor. Ali BATTAL ile 0 (312) 210 4183 nolu telefondan veya

albattal@metu.edu.tr e-posta adresinden iletisime gegebilirsiniz.

Liitfen bu arastirmaya katilmak konusundaki tercihinizi asagidaki segeneklerden size

en uygun gelenin altina imzaniz1 atarak belirtiniz.

A) Velisi bulunduum ........cccoevvieviiniiiiniieiieieeee, ‘nin bu arastirmaya katilimei
olmasma izin veriyorum. Cocugumun calismayr istedigi zaman yarida kesip
birakabilecegini biliyorum ve verdigi bilgilerin bilimsel amacli olarak kullanilmasini

kabul ediyorum.
Velinin Adi-Soyadi ..o
Imza

B) Velisi bulundugum ............cooceiiiiiiiiiiiiiiieeeee ‘nin bu ¢aligmaya katilmasini

kabul etmiyorum ve katilimc1 olmasina izin vermiyorum.
Velinin Adi-Soyadi ...

Imza
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APPENDIX F

STUDENT CONSENT FORM

Bu calisma ODTU Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii 6gretim
tiyelerinden Yrd. Dog. Dr. S. Tugba TOKEL danigsmanliginda, Ars. Gor. Ali BATTAL
tarafindan yiiriitiillmektedir. Bu form seni arastirma kosullar1 hakkinda bilgilendirmek
icin hazirlanmistir. Bu calismanin amaci, li¢ boyutlu sanal diinyalarin programlama
egitiminde kullanilmasi ve bu ortamin etkin olarak kullanilmasina etki eden faktorlerin
incelenmesi olarak belirlenmistir. Bununla birlikte 3B ortamin programlama
egitiminde sagladig1 olanaklar ve ortam ile ilgili sinirliklar bu ¢aligma kapsaminda

incelenecektir.

Bu calisma boyunca senden ii¢ boyutlu sanal ortamda verilen gorevlerin bir kismini
bireysel bir kismini ise grup arkadaslarin ile birlikte tamamlaman beklenmektedir.
Bunun disinda c¢aligma sonunda ortamin etkililigini ve yukarida belirtilen diger
amaglar1 saptamak i¢in seninle bir gériisme yapilmasi planlanmaktadir. Bu ¢aligmaya
katilmak tamamen goniilliilik esasina dayalidir. Arastirma siiresince yapilan
goriismeler, gozlemler ve diger bilgiler tamamen gizli tutulacaktir. Ayrica toplanan
verilere sadece arastirmacilar tarafindan bu arastirma kapsaminda degerlendirilecektir.
Arastirma siiresince yapilan etkinlikler seni hicbir sekilde rahatsiz etmeyecektir, ancak
yine de program siirecinde bir nedenle rahatsizlik duyarsan, istedigin zaman

arastirmadan ¢ikabilirsin.
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Bu calisma hakkinda daha fazla bilgi almak, her tiirlii soru ve yorumlariniz ig¢in Ars.

Gor. Ali BATTAL ile 0 (312) 210 4183 nolu telefondan veya albattal@metu.edu.tr e-

posta adresinden ulasabilirsin.

Yukaridaki bilgileri okudum ve bu ¢alismaya tamamen goniillii olarak katiliyorum.

Verdigim bilgilerin bilimsel amagli olarak kullanilmasini kabul ediyorum.

Adi- Soyadi
Tarih O AN A

Imza
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APPENDIX G

INTERVIEW PROTOCOL FOR STUDENTS

OGRENCi GORUSME FORMU
Yer L
Tarih Y A A
Goriisiilen Kisi e
Merhaba,

Oncelikle bu ¢alismaya katildigin ve sanal ortamda sana verilen gorevleri 6zverili bir
sekilde tamamladigin i¢in tesekkiir etmek istiyorum. 3B Sanal ortamda programlama
egitimini tamamladik. Simdi sizinle aldigimiz egitim ile ilgili biraz konusmak
istiyorum. Soracagim sorularin hi¢ birinin dogru ya da yanlis cevabr yoktur, ben

sadece senin bu konuyla ilgili ne diisiindiiglinii merak ediyorum.

Soracagim sorular kesinlikle sizin bilginizi 6l¢gme amagli degildir. Bu nedenle
sordugum sorulara ictenlikle cevap verebilirsin. Goriisme sirasinda sorularda,
anlamadi@in noktalar olursa sen de sorabilirsin.

Baslamadan once bu soylediklerimle ilgili belirtmek istedigin bir diisiince ya da
sormak istedigin bir soru var mi? Izin verirsen goriismeyi kaydetmek istiyorum. Bu
goriigme yaklasik 30-45 dakika siirecektir. Goriisme sirasinda ara vermek isterseniz

bana sdylemeniz yeterli. Goriismeye baslayabilir miyiz?
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SORULAR

1. 1lk basta seni tanimak istiyorum.

a. Evinizde bilgisayar ve Internet var mi?

b. Bilgisayar veya video oyunu oynuyor musun?

i. Evetise

1.

Ne tiir oyunlar oynarsin? (3 boyutlu sanal oyunlar
GTA)

2. Ne kadar siiredir oynuyorsun?
3. Ne siklikta oynarsin?
4. Bu oyunlar1 se¢menin bir sebebi var m1?
ii. Hayir ise
1. Oyun oynamamanin 6zel bir sebebi var mi1?

Agiklayabilir misin?

c. Oyun programlama kuliibiinii neden sectin? (Case-2 6grencileri igin)

2. Daha 6nce programlama 6grenimi konusunda bir aktiviteye katildin mi1?

a. Evetise

i. Nerede tanmistin? Ne tarz aktivitelerde bulundun?

ii. Hangi araglari/yazilimlari kullandin?

iii. Ne tarz programlar hazirladin? (bir 6nceki soruya verdigi

cevaba gore diizenlenecek, Ornek Scratch ise mesela kedi

karakterine neler yaptirdin?)

iv. Neden programlama dgrenmek istedin?

V. Programlama 6grenimi sirasinda zevk aliyor muydun? Yoksa

bir siire sonra sikict m1 geliyor sana?

b. Hayir ise

I. Programlama ile ilgili bir fikrin var miydi? Neler biliyordun?

3. Simdi de sanal diinyalarda programlama ortaminda gec¢irdigin zaman ile

ilgili sormak istiyorum.
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Sanal ortama ilk girdiginde neler hissettin/ ne diisiindiin? (binalar,
objeler, avatarin olmasi)
Ortamda gorevleri yaparken eglendin mi?
Sanal ortamin sana olan faydalar1 nelerdir? Ornegin, programlama
ogrenmene fayda sagladi mi? Programlamay: sevmeni sagladi mi?
Deneyim?

i. Orneklendirebilir misin?
Ortamin en ¢ok sevdigin 6zelliklerden bahseder misin?

i. Orneklendirebilir misin?
Ortamda sevmedigin seyler var miydi?

i. Orneklendirebilir misin?

4. Bu ¢aligmanin ilk kisminda yalniz ¢alisirken, ikinci kisimda Sorunlu

Kasabanin sorunlarini ¢6zmek i¢in takim arkadasin ile birlikte ¢esitli

gorevleri tamamladin. Simdi de sizinle bununla ilgili konugmak istiyorum.

a.

Sizce yalniz ¢aligmak mi1 yoksa takim ile birlikte ¢alismak mi1 daha
1yi idi? Nedenleri ile birlikte agiklayabilir misin?
Takim arkadaslarin ile ne derece anlagtiniz?

I. Benzer gorevleriniz oldu mu?

ii. Gorevleri tamamlarken takim arkadagsin ile yardimlagtin m1?

Ne tiir bir yardimlagma oldu? Agiklayabilir misin?

Gorevleri tamamlarken arkadasindan kaynaklanan bir problem ile
karsilagtin mi1?

i. Neler yasadign ile ilgili 6rnek/6rnekler verebilir misin?

ii. Bu sorun (veya sorunlari) nasil ¢6zdiin?
Takim arkadasin ile birlikte calismak seni motive etti mi? Ornegin, is

boliimii, seni gorevleri yapma konusunda motive etme gibi.

5. Sorunlu Kasabadaki sorunlar1 (gérevleri) takim arkadasin ile birlikte

calisarak ¢ozmeye ¢alistin. Simdiki sorularim birlikte gérev yapmak ile ilgili

olacak.

a. Ortamda takim arkadasin ile nasil bir iletisim sagladin?

I. Yasadigin zorluklar nelerdi?

ii. Ne tiir 6zellikler olsaydi daha rahat sohbet edebilirdin?

b. Sanal ortamda programlama &grenmeniz igin neler yapildi? Ornegin,
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i. Ogretmen neler yapt1?
Ii. Ortamda programlama konularini 6grenmenize yardimci olan
seyler nelerdi? Nelerden yararlandiniz?

iii. Neler olsaydi daha iyi 6grenirdiniz?

Genel olarak sanal ortamda seni temsil eden bir avatar vardi. Simdiki

soracaklarin bu avatar ile ilgili olacak.

a.
b.

C.
d.

Simdi de sanal ortamin kullanimi sirasinda yasadigin zorluklar ile ilgili

Avatar ile ilgili bir degisiklik yaptin m1? Neden yaptin/yapmadin?
Bu avatarin seni gercekten sanal diinyada temsil ettigini diisiiniiyor
musun?

Avatarin en ¢ok hangi 6zelligini begendin / hangilerini begenmedin?

Avatarinin gercek hayatta benzedigini diisiindiigiin noktalar neler?

sormak istiyorum.

a. Ortami rahat kullanabildin mi? Kullanirken zorluk yasadin mi1?
[yasadigin zorluklardan bahseder misin? |
i. Orneklendirebilir misin?
b. Scratch programini kullanirken ve kodlar1 olustururken zorluklar
yasadin mi1?
i. Ne tiir zorluklar yasadin? / Orneklendirebilir misin?
c. Scratchde olusturdugun kodlari sanal ortama aktarim sirasinda
zorluklar yagsadin m1?
d. Scratch programinda yapmak isteyip de yapamadigin seyler oldu mu?
e. Kodlarin caligmadigi veya bekledigin gibi ¢aligmadigi durumlar oldu
mu? Bu durumda neler yaptin?
f. Sanal ortamda bilgisayar veya Internet baglantisiyla ilgili sorunlar
yasadin m1?
g. Yasadigin zorluklar memnuniyetini nasil etkiledi?
8. Bu dersi biz bu sekilde sanal ortamda yaptik, sizce bu ders nasil olmaliydi?
Ornegin,
a. Gorevler:

i. Gorev sayis1?
ii. Gorevlerin zorlugu?

ili. Gorevleri anlama? Gorevleri ayirt etme? Gorevlere ulasma?
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iv.
b. Grup
I.
ii
iii.
c. Egitim:
I.
ii
iii
iv.

Takim arkadagsin ile gorevlerin farkli olmasi konusunda ne

diisiiniiyorsunuz?

Bireysel / Grup? Neden?

. Gruptaki kisi say1s1?

Grup tiyelerini belirleme nasil olmali? Neden?

Programlarin kullanimi i¢in dnceden ayrica bir egitim
verilmeli mi?
1. Ornegin Scratch programimin nasil kullanilacag

egitimi

. Ders saatleri yeterli mi? Kag saat olmaliydi?

I. Ders saatleri diginda da sanal ortamdaki gorevleri tamamlama

olmali m1yd1?

Tamamen sinif ortaminda / Tamamen sanal ortamda?

d. Ogrenme Ortami1 / Ogrenme Teorisi:

Rol:
1. Sanal ortamda sana verilen rolii begendin mi? Neden
2. Daha farkli bir rolde olmak ister miydin? Hangi rolii
secerdin?
Hikaye ve Misyon: sanal ortamda Sorunlu bir kasaba ve senin
bu kasabada takim arkadasin ile birlikte bir misyonun vardi.
1. Bununla ilgili diisiincelerin neler?
2. Bagka bir misyon veya baska bir kasaba hikayesi ister
miydin?
Ogrenme materyalleri:
1. Sanal ortamda levha, video, pano gibi araglari
inceledin mi?
2. Bu araclar daha fazla olmali miydi1?
3. Gorev kartlari/dosyalar1 hakkinda ne diigtiniiyorsunuz?
Geri doniit: Her gorev i¢in bir yardim kutucugu vardi.
1. Yardim aldin m1/ yardim videolar1 izledin mi (veya

hangi siklikta izledin)?
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2. Gorevler ile ilgili yardimi bagka nasil aldin?
3. Verilen yardimdan farkli olarak sen nasil bir yardim
almak isterdin?
e. Sanal ortamin farkli olmasini istedigin yonler oldu mu? Ortamin
tasarimu ile ilgili s0yle olsa daha iyi olurdu dedigin noktalar neler?
9. Bu egitim sirasinda programlamaya kars1 diistincelerin degisti mi?
a. Ilk basta programlama ile ilgili ne diisiiniiyordun?
b. Simdi ne diistiniiyorsun?
c. Budiisiincelerinizin degismesinde neler etkili oldu?
10. Sanal ortamda programlama konusunda kendini nasil gériiyorsun? Ornegin,
a. Egitim 6ncesinde / sonrasinda nasildin?
11. Aldigin bu egitim programlama konusunda beklentilerini ne diizeyde
kargiladi?

12. Tekrar bu tarz sanal ortamlarda baska bir egitim/ders almak ister misin?

Sorularim bitti. Senin sormak istedigin bir sey yoksa goriismeyi bitirebiliriz.

Gorlismeye katildigin ve goriislerini benimle paylastigin icin tesekkiir ederim.
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APPENDIX H

INTERVIEW PROTOCOL FOR TEACHERS

OGRETMEN GORUSME FORMU
Yer e
Tarih Y AU S
Goriisiilen Kisi e
Merhaba,

Oncelikle bu ¢alismaya katildiginiz ve sanal ortamda verilen egitimde bana yardim
ettiginiz i¢in tesekkiir etmek istiyorum. 3B Sanal ortamda programlama egitimini
tamamladik. Simdi sizinle birlikte verdigimiz bu egitim ile ilgili biraz konusmak

istiyorum.

Soracagim sorular kesinlikle sizin bilginizi 6lgme amagli degildir. Bu nedenle
sordugum sorulara igtenlikle cevap verebilirsiniz. Goriisme sirasinda sorularda,
anlamadi@iniz noktalar olursa sorabilirsiniz.

Baslamadan once bu sdylediklerimle ilgili belirtmek istediginiz bir diisiince ya da
sormak istediginiz bir soru var m? izin verirseniz goriismeyi kaydetmek istiyorum.
Bu goriisme yaklasik 45-50 dakika siirecektir. Gorlisme sirasinda ara vermek

isterseniz bana sdylemeniz yeterli. Gorligmeye baglayabilir miyiz?
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SORULAR

1. 1lk basta sizi tanimak istiyorum.
a. Ne kadar siiredir bu okulda calisiyorsunuz?
b. Ne kadar siiredir bilgisayar derslerine giriyorsunuz?
c. Daha 6nce herhangi bir programlama dilini cocuklara dgrettiniz mi?
i. Programlama dilini kullanma amaciniz neydi?
ii. Hangi araglar1 ve programlama dillerini 6grettiniz?
iii. Bu dilleri 6gretirken zorluklar yasadiniz/yasiyor musunuz?
2. Sizce sanal diinyalarin 6grencilerin programlamaya yonelik motivasyonuna
etkisi nasil oldu? Pozitif, negatif ya da etkilemedi?
a. Neden etkilemedi?
b. Negatif ise neden boyle diisiiniiyorsunuz? Size gore bu ne gibi
faktorler etki etmistir?
c. Pozitif ise sanal diinyalarinin kullaniminin 6grencilerin
motivasyonunu artirdiginin gostergeleri nelerdir?
Sanal diinyalarin asagidakileri artirdigini gozlemlediniz mi?
i. Derse katilim
ii. Derse/konuya ilgi
iii. Derslerin zevkli gegmesi
iv. Derse olan memnuniyet
V. Derse/konuya calisma istegi
3. Sanal diinyalarin ¢ocuklarin programlama 6grenmesi konusundaki yararlig
hakkinda ne diistliniiyorsunuz?
a. Olumsuz ise neden yararli olmadigin diigiiniiyorsunuz?
I. Yetersiz 6zellik mi vardi?
ii. Ne tiir gelistirmeler yapilabilir?
b. Olumlu ise neden yararli oldugunu diisiiniiyorsunuz?
4. Bu soruyu 6grencilerinize gdzlemlerinize dayanarak cevaplayabilirsiniz.
a. Sizce 6grenciler sanal diinyalar1 kullanirken zorluk yasadin mi1?

[yasadiklari zorluklardan bahsede bilir misiniz? ]
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b. Ogrencilerin sanal diinyalarin ve Scratch programimin kullanimini
Ogrenmesi kolay oldu mu?
i. Orneklendirebilir misin?

€. Sanal diinyalarin ara yiizii ve mesajlar1 6grenciler i¢in anlasilir

miydi?

d. Sanal diinyadaki gérevler 6grencilerin yapabilecegi diizeyde miydi?
Bu dersi yaklasik 8 hafta boyunca bu sekilde sanal ortamda yaptik, sizce bu
ders nasil olmaliydi1?

Ornegin,
a. Gorevler:
i. Gorev sayisi?
ii. Gorevlerin zorlugu?
iii. Gorevleri anlama? Gorevleri ayirt etme? Gorevlere ulagsma?
iv. Ogrencilerin takim arkadasi ile gorevlerin farkli olmasi
konusunda ne diistinliyorsunuz?
b. Grup ¢alismast:
i. Bireysel / Grup? Neden?
ii. Gruptaki kisi say1s1?
iii. Grup tyelerini belirleme nasil olmali? Neden?

c. Egitim:

I. Programlarin kullanimi i¢in dnceden ayrica bir egitim
verilmeli miydi?
1. Ornegin Scratch programmin nasil kullanilacag
egitimi
ii. Ders saatleri yeterli mi? Kag saat olmaliyd1?
iii. Ders saatleri disinda da sanal ortamdaki gorevleri tamamlama
olmali miydi1?
d. Ogrenme Ortami1 / Ogrenme Teorisi:
i. Rol:
1. Sanal ortamda 6grencilerin rolii hakkinda ne
distintiyorsunuz? Neden

2. Daha farkli bir rol olabilir miydi?
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ii. Hikaye ve Misyon: sanal ortamda Sorunlu bir kasabanin
olmasi ve 6grencilerin bu kasabada takim arkadas: ile birlikte
bir misyonu vardi.

1. Bununla ilgili diistinceleriniz neler?

2. Baska bir misyon veya baska bir kasaba hikayesi
Onerir misiniz?

iii. Ogrenme materyalleri:

1. Sanal ortamda levha, video, pano gibi araglar ile ilgili
goriigleriniz neler?

2. Bu araclar daha fazla olmali mrydi1?

3. Gorev kartlari/dosyalar1 hakkinda ne diisiiniiyorsunuz?

iv. Geri doniit: Her gorev i¢in bir yardim kutucugu vardi.

1. Bununla ilgili diislinceleriniz neler?
2. Gorevler ile ilgili yardim bagka nasil olabilirdi?
e. Genel olarak sanal ortamin farkli olmasini diisiindiigiiniiz yonler oldu
mu?
i. Cocuklar i¢in anlamasi zor olan, gereksiz oldugunu
disiindiigiinii seyler var miydi?
6. Sanal diinyalarin programlama 6gretiminde kullanilmasi ve gelecegi
hakkindaki goriis ve Onerileriniz nelerdir?
7. Sanal diinyalar1 kullaniminin avantaj ve dezavantajlar1 nelerdir?
(diger programlama dili 6greticileri ile karsilastirirsaniz sizce artilari
ve eksileri neler olabilir? Bu soruyu daha 6nce kullandiginiz araglar ile
ilgili deneyimlerinize dayanarak cevap verebilirsiniz. Ornegin Scratch
programi)
a. Artilar1 nelerdir?
b. Eksileri nelerdir?

Sorularim bitti. Sizin sormak istediginiz bir sey yoksa goriismeyi bitirebiliriz.

Gortismeye katildiginiz ve goriislerinizi benimle paylastiginiz igin tesekkiir ederim.
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APPENDIX |

OBSERVATION FORM

Ogrenci Gézlem Formu

Gozlemci

Ortam

Tarih

Kategori

Durum

Aciklama

Gorevler

Gorevler 6grenci tarafindan anlagiliyor mu?

Gorevi tamamlarken goérev kartindan faydalandi m1?

Gorevi tamamlamak / ¢ozmek i¢in ¢aba sarf ediyor
mu?

Gorev dis1 faaliyetlerde bulunuyor mu?

Gorevleri anlamakta zorluk ¢ekiyor mu?

Gorev yardim segeneginden yardim aldi m1?

Gorevi tamamlarken yasadig zorluklar?

Diger varsa belirtiniz

Grup Calismasi

Gorevleri tamamlamak i¢in grup arkadagindan yardim
altyor mu?

Sinif ortamindaki diger kisilerden yardim alma? (size
soru sormast, ya da baska bir arkadasina soru sormasi

gibi)

Takim arkadasiyla yardimlagsma konusunda ortamin
imkanlarini kullaniyor mu? (mesaj gonderme, genel
sohbete yazma gibi)

Grup arkadasi ile uyumlu ¢alisabiliyor mu? Birlikte
hareket ediyor mu?

Adadaki sorunlar1 ¢oziimlemek i¢in grup arkadasi ile
tartistyor mu?
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Ogrenci Gézlem Formu

Diger varsa belirtiniz

Ogrenci gorevi tamamlarken sorun yasadi mi1?

Teknik aksakliklar oldu mu?

i?{l;l;rllll?lr(l\él i Yasadigi sorunlari nasil ¢6zdii?
Programlar1 kullanma sirasinda yasadigi zorluklar?
Diger varsa belirtiniz
Gorevler 6grenci tarafindan anlasiliyor mu?
Gorevler ile ilgili ortamdaki dokiimanlari, kaynaklar1
inceledi mi?
Bir gorevi tamamladiginda digerine rahatlikla
3B Ortam Ve | yjagabiliyor mu?
Avatar Sanal ortamda rahat hareket ediyor mu?
Avatari ile sorun yastyor mu?
Diger varsa belirtiniz
Genel
Gozlemler
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APPENDIX J

DEMOGRAPHIC AND PERCEPTION QUESTIONNAIRE

Sevgili ¢ocuklar, bu ankette sanal diinyalarda aldiginiz programlama egitimi ile ilgili
deneyimleriniz ve goriislerinize ait bazi bilgiler istenmektedir. Liitfen her soruyu
dikkatli bir sekilde okuyup size en uygun olanini isaretleyiniz. Ankete verdiginiz

cevaplar sadece bu arastirma kapsaminda kullanilacaktir.

Simdiden ¢alismaya katildiginiz ve anketi doldurdugunuz icin tesekkiir ederim.

A) Genel Bilgiler

1. Cinsiyetiniz: O Erkek O Kiz

2. YaSINIZ : .oovviiiiiiiiiiiiiieieanenn,

3. Okulunuz: .......coooiiiiiiii Smifimz: ..........
4. Evinizde bilgisayar var m1? O Var O Yok

5. Evinizde internet baglantis1 var mi? O Var O Yok

6. Internete genellikle nereden erisiyorsun? (Birden fazla segenek
isaretleyebilirsiniz)
OEv  OOkul O internetKafe [ Diger (liitfen belirtiniz) ..................

269



A) Genel Bilgiler

7. Interneti genellikle ne amagla kullaniyorsun? (Birden fazla secenek
isaretleyebilirsiniz)
O Odev hazirlama, arastirma yapma O {letisim (sosyal aglar, mail)

1 Oyun oynama 01 Eglence (Miizik, film, vb)

0 Diger varsa (Belirtiniz) ...........ccovviiiiiiiiiininnnn,

8. Haftada ortalama kag saat Internet kullaniyorsunuz?
I Hig 1 3 Saatten az 1 3-5 Saat [06-7 Saat [ 7 Saatten fazla

9. Bilgisayar veya video oyunu oynuyor musunuz?  [J Evet 0 Hayir
Cevabiniz Evet ise en ¢ok oynadigmiz 3 oyunun isimleri nelerdir?

10. Ne kadar siiredir bilgisayar veya video oyunlari oynuyorsunuz?
U Hig 01 1 yildan az 01 1-3 yildir

U1 3 yildan daha fazla

11. 3B ortamlar ile ilgili deneyiminiz var m1? [J Evet 0] Hayir
Cevabiniz Evet ise hangi ortamlarda deneyiminiz var?

12. Programlama ile ilgili deneyiminiz var m1? [ Var O Yok
Var ise kullandigimiz programlama araglar1 veya dillerinden hangisi hakkinda
bilginiz var? (Birden fazla secenek isaretleyebilirsiniz)
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A) Genel Bilgiler

[ Scratch 0 NXT Logo Mindstorm
[0 Code.org O Karel
[0 Microsoft Small Basic O Lightbot

L] Diger varsa (liitfen belirtiniz) ............cccooeviiiiiiiiiii ...

B) Alg1 ve Memnuniyet Anketi

Asagida Sanal Diinyalarda programlama egitimi ilgili verilen ifadelere ne 6lgiide

katildiginizi, size en uygun segenegi isaretleyerek belirtiniz.

iFADELER

Kesinlikle
katilmiyorum
Katilmiyorum

Kararsizim
Katiliyorum

Kesinlikle

katiliyorum

[ERN
N
w
N
(6]

1. Sanal diinyay1 kullanmay1 6grenmek
benim i¢in kolaydi.

2. Sanal diinya ortaminin kullanimini
kolay buluyorum.

3. Sanal diinya ortaminda etkilesimi agik
ve anlasilir buluyorum.

o O O O
o O O O
o O O O
o O O O
o O O O

4. Sanal diinya kullaniminda beceri
kazanmak benim i¢in kolaydi.

271



B) Alg1 ve Memnuniyet Anketi

Asagida Sanal Diinyalarda programlama egitimi ilgili verilen ifadelere ne olgiide

katildiginizi, size en uygun secenegi isaretleyerek belirtiniz.

gl g
@ £ £ @ g
=88 |§ 2 |2 ¢
. c = 5 % > TR
IFADELER 2 El 8 £ = 2 =
N4 § E v V; X g
1 2 3 4 5
5. Sanal diinyay1 bir 6grenme araci
olarak kullanmak dersteki basarimi O O O O O
arttirdi.
6. Sanal diinya, kendi 6grenme hizimda | O O O O O
ilerlememi sagladi.
7. Sanal diinyay1 kullanmak 6grenmemin | O O O O O
daha etkili olmasini sagladi.
8. Sanal diinyay1 kullanmak dersi O O O O O
anlamamu kolaylastirdi.
9. Sanal diinyay1 kullanmak &gretmen ile | O O O O O
iletisim kurmamu kolaylastirdi.
10. Sanal diinya, programlama O O O O O
o0grenmeme yardimci oldu.
11. Sanal diinyadaki 6grenme O O O O O
deneyimlerimden memnunum.
12. Sanal diinyanin grenmeme katki O O O O O
sagladigini diistiniiyorum.
13. Genel olarak 6grenmenin O O O O O
etkililiginden memnundum.
14. Sanal diinyadaki 6grenme O O O O O

etkililiginden genel olarak
memnunum.
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APPENDIX K

ACTIVITY SHEETS FOR ROBOT TRANINING

Ad-Soyad Robot EZitimi

Bina 1'deki Girevler

Girevin  binadakd mumarzl yollarda robofumu srasiyla belirtilen yollam  izleyecek  gskilde
programlamalchr. Bunu vapmalk ipin;

= Robotunu tam ev rezmine gelacek sekilde ve yominin zimesm istedifin vénde olmazmdan emm ol

rsa ise

2 pahsmasmu dene, istedifin gibi gahsm
rel tekrar dens.

= Robotunu Scracth programn ile programla
robotunu tekrar ev sekmasme zetir, ve kodlan ditzenley

= Buislemlen dofru sonuea ulagana kadar tekrar edebilirsin.

FYaprn mi?

I

sanzl Dilnyalarda Programiama ESitimi CDTl - BOTE Bina 1
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BOEOVEE oo Robot EZitimi

Bina 2°deki Girevler
Gérevin  binadaki sumarali vollarda rebotumu  swrasivla bahrtilen vollan izlayecek zekilde
programlamakhr. Bunu vapmak igin;
» Eobotunu tam ev rezmine galacak sekilds ve yoninin gitmesmi 1stedifin vinda olmasmdan emm ol.

= Bobotunu Scracth programm ile  programla ve calisma=mn deme, 1stedizin gibe gabismoyorza ise
robotmu tekrar ev sekmeszme getir, ve kodlan ditzenleverek takrar dens.

» Buizlemler: dofm zomueca ulasana kadar tekrar edabilirsim,

Yaptn mi?

0Yoni | | 180 Yonu

I

Sanal Dinyalarda Programiama ESitimi ODTD - BOTE Bina 2
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JX T T Reobot EZitimi

Bina 3'deki Girevler

Gérevin  binadaki momaral vollarda robotumu mrasmvla belirblan wvellam  izlevesek  sakilde
programlamakhr. Bunu vapmak icin;

» Eobotunu tam v razmine gelacak seldlds ve yominin gibmesmi 1stediFin vénds olmanndan emm ol

» Eobotunu Seracth programm ile  programla ve gahigmasim dens, 1stedifin gibi gahismuvorsa 1ze
robohmu tekrar ev sekmesmes getir, ve kodlan diizenleveresk takrar dena.

= Buizlemlen: dogro somueca ulasana kadar tekrar edabilirsin.

]
0 O
Faptn mu? Yaptn mi?
Sanal Dinyalarda Programlama EZitimi DT - BOTE Eina 3
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SR e Robot ESitimi

Bina 4'deki Girevler

Goravm robotunn azazidaks belirtilen volu izlevacak zeldlde programlamaktsr. Yalmez bu binada digar

gérevlerden farkh olarak 1¢ ige itk kare vardir, ve it kare arazmda sadece bir gegiz vardr. Gérevini

tamamlarken sunlara dikkat et;

= Robotum tam ev resmme zelecek zekilde ve viniinin gitmezim 1=tedifm yénde olmasindan emin ol.

= Dngtakn karemin kenar uzuonlufu 9 metre iptekinm 1ze 5 metre olup ik kare arazmmdz geglz  zadaca
gosterilen zekilde olmalktadir.

= Robotum Scracth programu tle programls ve calizmazim dene, istedifin gibi calizmiyor=a ise robotunn
tekrar av sekmesine gatir, ve kodlan dizenlayversk teloar dane.

B

sanal Dinyalarda Programiama EZitimi CCTU - BOTE Eina 4
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APPENDIX L

ACTIVITY SHEETS FOR 3D OBJECT CONSTRUCTION

©DTU - BETE 30 5ekil Clusterma

Eskenar Ucgen Olusturma

~" Ezkenar figgen kenar umunhiklan birbirine ezit 3 kenardan ologur.
¥ I apilan toplam: 180 derece ve her bir ig apis: 60 derecedir.
+" Dhg agilanda birbirma egit olup her bin 120'ser deracedir,

+" Kalem araci ile 3 boyutlu iiggen gizmek igin kalem aracom kullandiktan sonra robotu egit uznnluklarda
figgenin diz apizn kadar déndirersk 3 tane kenar pizmek veterlidir,

+" Fobotunn Seracth progranu ile programla ve galiymasom dens, i1stadifin sekil alusmuyorsa robotun
tekrar programlama ve dene. Bunu istedigin kadar vapabilirzin,

~" Azafidz ipzen ve dzellikler: gésteribmistic.

&)
<+ ekl gizan robotu envanterden gizim alanma yerlestinimz. Egar daha dnce almadi iseniz robotun
bir kopyasim masadan envanterme sag fiklayip 'tlert’ w2 'kopyasm al' diyerek alabilirsin.

¢ Caligma alanim temizlemeak g gekillare sag tiklayip klavyeden 'delete’ tuguna bazabilirzin,

=anal Diinyalarda Programlama EZitimi sekil 1
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ODTO - BOTE 30 Sekil Clusturma

Kare Olusturma

v Kare kenar uzunluklan borbirme ezt 4 kenardan olugur.
¥ Ip aplan toplarm 360 derece v her bir ip ap= 90 derecedir.
+ Dhs aplanda birbirms ezt olup her bin 90'ar derecadir.

v Kalem araci ile 3 bovutlo kare ¢izmek ipm kalem aracimw kuollandiktan sonra robofu ezt uzunbloklarda
karenin diz a1z kadar dondiirerek 4 tane kenar cizmek yeterlidir.

+" Fobotunu Scracth progranu ile programla ve calismaspu dens, 1stedifin sekil olusmuyorza robotum
tekrar programlama ve dene. Bum 1stedifin kadar vapabilirsin.

+ Azabida kare ve Szelliklen gsterilmistir.

4 Bakil pizan robotu envanterden gizim alanma yerlestiviniz. Efer daha énce almadh izeniz robotun
bir kopyasim mazadan envanterme sag fiklavap 'tlen’ ve kopvazmn al’ diverak alabilirsim.

4 Calisma alanim temizlemeak ipm sekillare saf tiklayip klavyeden 'delete’ tuzuna baszabilirsin.

zanal Diinyalarda Programlama ESitimi Zekil 2

278



ODTU - BOTE 30 Sekil Clusturma

Besgen Olusturma

¥ Besgen ummnluklan birbirine egit ¥ kenardan olugur.
¥ I¢ zpilan her biri 108 derecedir.
¥ Dy apalarida birbirme ezit olup her bari 130 den ip aplarmnn gikearm ile bulomakalir,

¥ Kalem arac: ile 3 bovutla kare pizmek igmn kalem aracimi kunllandiktan sonra robotu 21t uzunloklarda
beszenin dig agis kadar déndirerek 3 tane kenar pizmak vatarlidir.

¥ Eobotunm Seracth progranu ile programla ve gahismasim dene, istadizim sakal olugmuyorsz robotunn
tekrar programlama ve dene. Bunug 1stedifin kadar yapabilirsin.

¥ Azamda bezgan ve ozelliklen gdsterilmazhr.

4 Selal cizan robotu envanterden ¢izim alanma verlestimmiz. Eger daha Snes almadi 15emz robotn
bir kopyasiu mazadan envanterine sag tiklavip 'lan' ve kopvazm al’ drversk alabilirsin

4 Cabizma alamm termizlemsk 1pm selallere saz tiklayip klavvaden 'delete’ tusuna bazabilirsim.

sanal Dinyalarda Programiama EZitimi zekil 4
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ODTD - BOTE

Altigen Olusturma

30 Seki Olusturma

v I¢ apilan her biri 120 derecedir.

¥ Azapida altigen ve Gzelliklen gosterilmigtir.

+" Alhpan uzunluklan birbirne ext 6 kenardan oluzur.

¥ Dhy aplanda birbirme esit olop her bari 60°zar derecedir.

+" Kalam arac: 1le 3 boyutla kara pizmek 1om kalem aracins kullandibtan sonra robotu ezt uzunboklarda
altigemin dis agiz1 kadar déndirerak 6 tane kenar gizmek veterlidir,

+" Robotumu Seracth propramu ile programla ve caligmazmg dens, 1stadizin sekil olusmuyorsa robotunn
tekrar programlama ve dene. Bunn 1stedifin kadar yapabilirzin.

< Bakil pizan robotu envanterden gizivn alanma verlestininiz. Efar daha Snes almadi 1seniz robotum
bir kopyasiu maszadan envanterme sag fiklavip len’ ve 'kopvazmi al’ diversk alabilirsin.

% Cahizmaz alanin temizlemsak ipm zekillares sag tiklayip klavveden 'delete’ tusuna bazabilirsin,

=anal Diinyalarda Frogramiama ESitimi
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APPENDIX M

TASK CARDS

Sorunlu Kasaba Sorumlu Vatandas

Kirmizi

Gorev Kartlan

Y N1 L T 1) 1 N
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Gorev No:

Gorev Adr:

Gorev Tanima:

Uyarilar:

Gorev No:
Gorev Adr:

Gorev
Tanimi:

Yonergeler:

Uyarilar:

Kasaba hikayesini oku ve kaskini tak

Arkadasin ile birlikte donen kutucuklara dokunarak kasaba
hikayesini oku ve gdrevlerini anla.

e Kaskini takmay1 unutma.

e Her zaman kendi rengindeki gorevleri tamamla!

2
Nehir lizerine koprii olusturma

Yesilirmak iizerindeki koprii dogal afet sonucu yikilmigtir. Bu
kopriiniin kasaba halkinin kullanabilmesi i¢in tekrar insa edilmesi
gerekiyor. Olusturman gereken kdpriiniin uzunlugu 15 metre.

Kutuya dokunarak robotun bir kopyasim1 Envanterine al,
Envanterden robotu belirtilen noktaya yerlestir ve sonra koprii
olusturan robotu programla. 15m uzunlugundaki kopriiyii
olusturmak igin kalem aracini kullandiktan sonra belirtilen uzunluk
kadar robotunu ilerlet. Kalem rengini degistirerek koprii rengini
ayarlayabilirsin.

e Bazen robot diizgiin ¢calismiyor olabilir, bu durumda robotu
tekrar yerine getir ve tekrar galigtir.

Gorevi nasil ve ne kadar tamamladin?

. Takim arkadasim ile | Ikimizde ugrastik
Yapmadim Kendim yaptim birlikte yaptim fakat yapamadik
O O O O

282



Gorev No:
Gorev Adr:

Gorev
Tanim:

Yonergeler:

Uyanlar:

3
Tavuk kiimesi i¢in duvar olusturma

Eve alman yeni tavuklar i¢in bahge igerisine tavuk kiimesi
duvarlarini olustur.

Donen kutuya dokunarak duvar olusturan robotun bir kopyasini al.
Sonra robotu belirtilen alana yerlestir, yoniinii ayarla ve asagidaki
plan ¢ercevesinde kiimes duvarini olustur. Bunu yaparken giris igin
I metrelik bir kap1 boslugu birakmay1 unutma. Duvar olusturmak
icin kalemi bastir komutunu kullan ve kap1 bosluklarinda ise kalemi
kaldir komutunu kullanmalisin.

e Kapi i¢in bosluk birakmay1 unutma.

e Bazen robot diizgiin calismiyor olabilir, bu durumda robotu
tekrar yerine getir ve tekrar ¢aligtir.

Gorevi nasil ve ne kadar tamamladin?

. Takim arkadagim ile | Ikimizde ugrastik
Yapmadim Kendim yaptim birlikte yaptim fakat yapamadik
O O O O
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Gorev No:

Gorev Adr:

Gorev Tanima:

Yonergeler:

Uyanlar:

4
Donen kap1

Kapis1 olmayan bakkal diikkan1 i¢in avatarin carpmasi
durumunda otomatik olarak donmeye baslayan bir kap1 yapman
isteniyor. Avatarin kapiya carptiginda kapinin bir miktar
donmesi, ¢arpma bitince ise durmasi gerekiyor.

Ik 6nce kapi igin gerekli malzemeyi kutuya dokunarak al, sonra
envanterden doner kapiy1 bulup yerine yerlestir.

Simdi kodlamaya baglayabilirsin. Kodlarken avatarin kapiya her
carpmasi durumunda kapi belli bir miktar donsiin. Boylelikle
donen bir kap1 olusturmus oluyorsun. Kapinin, avatarin ¢garpmast
bittikten sonra durmasi lazim.

e Kapinin yoniinii degistirme.

e Kapiya carpma komutu ekle.

Gorevi nasil ve ne kadar tamamladin?

. Takim arkadasim ile | Ikimizde ugrastik
Yapmadim Kendim yaptim birlikte yaptim fakat yapamadik
O O O O
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Gorev No:
Gorev Adr:

Gorev
Tanimi:

Yonergeler:

Uyanlar:

5
Merdiven olusturma

Yangin sonucu hasar géren kirmizi evin basketbol sahasi tarafindaki
girisi i¢in merdivenlerini tekrar olusturman gerekiyor. Olusturman
gereken merdivenin basamak sayist 7 ve her bir basamaginin
uzunlugu 1.75 m’dir. Evin girisinin zeminden yiiksekligi ise 3.5
m’dir.

Kutuya dokunarak merdiven olusturan robotun bir kopyasini al.
Robotu belirtilen noktaya yerlestir. Sonra merdivenin basamak
sayis1 kadar (7) devam eden dongii kurman gerekiyor. Her basamak
olusumundan sonra robotu bir 6nceki yerine getir ve sonra 0.5 metre
kadar yukar1 ve biraz eve dogru gidecek sekilde ayarla.

e Robotu her bir basamag: olustururken kalemi bastir
komutundan sonra 1.75 metre ilerlet.

e Basamagi olusturduktan sonra geri dontislerde kalemi
kaldirmay1 unutma.

Gorevi nasil ve ne kadar tamamladin?

Yapmadim

Takim arkadagim ile | Ikimizde ugrastik

Kendim yaptim birlikte yaptim fakat yapamadik

O

O O O
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Gorev No:
Gorev Adr:

Gorev
Tanimi:

Yonergeler:

Uyarilar:

6

Otomatik acgilan kapi

Kapist olmayan bu bina i¢in otomatik acilan bir kapt yapman
isteniyor. Avatarin kapiya 2 metre yaklastiginda kapinin otomatik
olarak ac¢ilmasi, uzaklastiginda ise tekrar kapanmasi gerekiyor.

Ik &nce kapi icin gerekli malzemeyi kutuya dokunarak al, sonra
envanterden kapiy1 bulup alandaki yere yerlestir. Simdi kodlamaya
baslayabilirsin. Kodlarken kapinin kapali halini olusturuldugum
zaman kod blogu igerisinde baslangic konumum yap diyerek
hafizaya alabilirsin, boylelikle kap1 hareket ettiginde (acildiginda)
tekrar eski yerine gelebilsin. Sonra siirekli tekrarla i¢inde avatar
kapiya belirli bir metre yaklastiginda kap1 ileri 3 metre gitmeli (kap1
acildi), 8 saniye sonra tekrar yerine gelecek (kap1 kapali) sekilde
ayarla. (baslangi¢ konumama git)

e Kapinin yoniinii degistirme.

¢ Kapimin konumunu ilk basta ‘olusturuldugum zaman’ kod
blogu igerisinde hafizaya al.

e Kapi agildiktan sonra kapanmasi i¢in bir siire kodlarin
calismasini beklet.

Gorevi nasil ve ne kadar tamamladin?

. Takim arkadagim ile | Ikimizde ugrastik
Yapmadim Kendim yaptim birlikte yaptim fakat yapamadik
O O O O
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Gorev No:
Gorev Adr:

Gorev
Tanimi:

Yonergeler:

Uyanlar:

7
Kaplumbagay1 nehrin karsisindaki yuvasina tasi

Kapal1 barinaktan kurtulmay1 basaran bir kaplumbaga dénen kutu
igerisine sigimmistir. Bu kaplumbagay1 kutuya dokunarak al ve sana
eslik edecek sekilde programlayarak nehrin karsisindaki yuvasina
annesinin yanina birak.

Kutuya dokunarak bariaktan kaplumbagay1 al, sonra envanterine
gelen kaplumbagay1 barinagin yanina bos bir yere yerlestir.

Kodlarken kaplumbaganin yoniiniin her zaman sana dogru olmasini
sagla, sonra kaplumbaga ile arandaki mesafeyi siirekli kontrol et,
eger 2 metreden fazla ise kaplumbagay1 1 metre ileri dogru hareket
ettir.

e Kaplumbaganin yoniiniin sana dogru olmasina dikkat et.

e Arandaki mesafeyi siirekli kontrol et. 2 metreden fazla ise
sana dogru gelmesini sagla.

e Kaplumbagay1 yuvasina biraktiktan sonra seni takip eden
kod dosyasini silmelisin.

Gorevi nasil ve ne kadar tamamladin?

. Takim arkadasim ile | Ikimizde ugrastik
Yapmadim Kendim yaptim birlikte yaptim fakat yapamadik
O Il Il U
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Gorev No:
Gorev Adr:

Gorev
Tanim:

Yonergeler:

Uyarilar:

8
Kafe i¢in sayag

Mustafa Bey kafesine gelen toplam kisi sayisin1t merak ediyor ve
bunun i¢in senden yardim istiyor. Bu gorevde yapman gereken
kafeye gelen miisteri sayisin1 bulmaktir. Bunun i¢in kap1 Oniine
koyacagin bir nesneye avatarin her ¢arpmasi durumunda
tanimlayacagin degiskenin degerini bir artirarak yapabilirsin.
Degisken degerini nesne lizerinde géstermeyi unutma.

Bu gorev i¢in yapman gereken diikkan kapisi Oniine paspas
boyutunda bir sekil olusturmaktir.

Bu sekli tam kapinin 6niine gelecek sekilde yerlestir ki avatarlar
gelirken ¢arpsin. Ancak ¢ok fazla yiliksege yerlestirme bu durumda
avatarlar giremez.

Daha sonra kapidan gelip nesneye ¢arpan miisteri sayisini tutmak
icin bir degisken tanimla ve bu degisken degerini avatarin her
carpmast durumunda bir artir.

Sonra degisken degerini kapiya koydugun engel (sekil) {izerinde
goster.

e Nesneyi ne ¢ok yliksege ne de ¢ok alcaga yerlestir.
Avatarlarin kafeye girerken nesneyi ¢arpmalarini sagla.

e Avatarin nesneye her ¢arpmasi durumunda degisken
degerini bir artir.

e Degisken degerini nesne lizerinde goster.

Gorevi nasil ve ne kadar tamamladin?

. Takim arkadasim ile | Ikimizde ugrastik
Yapmadim Kendim yaptim birlikte yaptim fakat yapamadik
O O O O
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Gorev No:
Gorev Adr:

Gorev
Tanimi:

Yonergeler:

Uyarilar:

9
Posta kutusu sayact

Cakir ailesinin evine akilli posta kutusu eklenmesi gerekiyor ve
bunun i¢in senden yardim istiyorlar. Akilli posta kutusunun
Ozellikleri s0yle olacak. Avatar posta kutusuna her dokundugunda
posta kutusundaki mektup sayisini bir artiracaksin. Yalniz posta
kutusu en fazla 20 mektup alabiliyor. Bu nedenle kutu igerisinde
20'den az mektup varken lizerinde 'Yer var' yazmasi, 20°den ¢ok
oldugu zaman ise iizerinde 'Posta kutum doldu. Bosaltmaniz
gerekiyor' diye uyarmasi gerekiyor. Ayrica birde posta kutusunu
stfirlamak i¢in bir sifirlama butonu koyman gerekiyor. Avatar bu
butona dokundugunda posta kutusundaki mektup sayisinin
sifirlanmasi gerekiyor.

Gerekli malzemeleri kutuya dokunarak al. Posta kutusunu ve
sifirlama diigmesini ev sinirlar1 igerisinde bos bir alana yerlestir.

Sonra posta kutusundaki mektup sayisi i¢in bir degisken tanimla.
Posta kutusunu avatar kutuya her dokundugunda degisken degerini
bir artacak sekilde kodla. Sonra mektup sayis1 20'den kiigiik olmasi
veya fazla olmasi durumunu gerekli kodlar ile kontrol ettirerek
duruma gore ilgili mesajlari ilizerinde yaz.

Cop kutusundaki mektuplari sifirlamak i¢in butona dokunuldugunda
bir mesaj yaymnlat ve kutu bu mesaj1 aldiginda degisken degerini
sifira esitlemen gerekiyor.

¢ Olusturuldugum zaman kod blogu icerisinde degisken
degerini sifirla.

e Cop kutusunu ve sifirlama butonunu ayr1 ayr1 kodlaman
gerekiyor.

e CoOp kutusuna dokunuldugunda degisken degerini bir artir ve
igerisindeki mektup sayisin1 kontrol et.

e Sifirlama butonuna dokunuldugunda ¢6p kutusuna mesaj
gonder.

Gorevi nasil ve ne kadar tamamladin?

. Takim arkadasim ile | Ikimizde ugrastik
Yapmadim Kendim yaptim birlikte yaptim fakat yapamadik
O O Il Il
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Gorev No:
Gorev Adr:

Gorev
Tanimi:

Yonergeler:

Uyarilar:

10
Agir kutuyu hareket ettirme

Bu gorevde evin yasl ¢iftine yardim etmen gerekiyor. Cok fazla agir
olan kirmiz1 kutuyu yash ¢ift tasityamadigi i¢in bu kutuyu 0 ve 180
yonlerine hareket ettirmek i¢in programlaman gerekiyor. Gorev igin
ihtiyacin olan malzemeler doner kutuda. Malzemeleri aldiktan sonra
bos bir alana agir kutuyu ve tasima butonlarini yerlestir. Ok tuslarina
her dokunuldugunda kutu 0.5 metre hareket etmeli.

Gerekli malzemeler aldiktan sonra bos bir alana agir kutuyu ve 2 tane
ok butonunu yerlestir. Sonra ok tuslarmin yoniinii 0 ve 180 ydniine
bakacak sekilde ayarla. Sonra hangi ok tusuna dokunulursa agir
kutuya o yonde gitmesi i¢in mesaj gonder, ve kutu mesaj1 aldiktan
sonra mesaj gore kutuyu yonlendir ve 0.5 metre hareket etmesi i¢in

gerekli kodu yaz.
e 0 ve 180 yonleri i¢in 2 ayr1 ok butonu yerlestir ve butonlarin
yonlerini ayarla.

e Avatar hangi ok butonuna dokunursa agir kutuyu o yone
donecek ve 0.5 metre gidecek sekilde ayarla.

e Nesneler arasindaki iletisimi mesaj gondererek sagla (...
haberi yayinla) ve al (when I receive ... komut bloklari ile)

Gorevi nasil ve ne kadar tamamladin?

. Takim arkadasim ile | Ikimizde ugrastik
Yapmadim Kendim yaptim birlikte yaptim fakat yapamadik
O U U U
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Gorev No:
Gorev Adr:

Gorev
Tanimi:

Yonergeler:

Uyanlar:

11
Harf oyunu

Bu gorevde ev sahibinin torunlar1 i¢in bir harf oyunu yapman
gerekiyor. Bu harf oyununda yiizeylerinde harfler bulunan bir
kiip var. Gorevin bu kiipii torunlarin oynamasi i¢in programlamak.
Oyun su sekilde. Kiipe, ¢ocuklar her dokunduklarinda farkli bir
yiizii Uste gelmeli ki ¢ocuklar gelecek harfi tahmin etme oyunu
oynayabilsinler.

Gerekli malzemeyi aldiktan sonra envanterinden kiipli masanin
ustline yerlestir. Sonra rastgele 1 ile 40 arasinda segilecek say1
kadar dongli kurarak kiipi dongiliniin her adiminda x, y ve z
eksenlerinde 90’ar derece donecek sekilde programla.

e Dongli i¢in rastgele sayi iiret ve dongiiyii bu say1 kadar
tekrarla.

e Kiipii 3 eksende de dondiir ve dondiirlirken dongiiniin her
adiminda 90’ar derece donecek sekilde 3 eksende de
dondiir.

Gorevi nasil ve ne kadar tamamladin?

Yapmadim Kendim yaptim Takim arkadagim ile | Ikimizde ugrastik
birlikte yaptim fakat yapamadik
O O O U

291



Gorev No:
Gorev Adr:

Gorev
Tanim:

Yonergeler:

Uyanlar:

12
Lunaparktaki atlikarincayi dondiir

Bu lunaparkta eksik olan bir sey var: athkarinca. Bu gorevde
lunapark icerisine bir athi karinca yerlestirmen isteniyor. Atlikarinca
ait bilgiler su sekilde:
[k basta atli karincanin sabit durmasi ve dokunulunca donmeye
baslamasi gerekiyor.

Atlikarinca sana hazir olarak verilecek, envanterine aldiktan sonra
bos bir yere yerlestir ve gerekli kodu yaz.

Yalniz athikarincanin ikinci dokunmada durmasi, bir sonraki
dokunmada ise tekrar donmesi lazim.

Gerekli malzemeyi aldiktan sonra envanterinden atli karincayi
lunaparkta bos bir yere yerlestir ve siirekli tekrarla kod blogu
icerisinde bir miktar donecek sekilde ayarla.

Bir sonraki dokunmada durmasi i¢in ise bir degisken tanimlayip o
degiskenin degerine gore dondiirmeye baslatip durdurabilirsin.

Ayrica degisken degerini her dokunmada sirasityla degistirmen
gerekiyor.

e Atlikarincanin ilk basta durmasi i¢in olusturuldugum kod
blogu igerisinde degisken degerini ddonmemesi i¢in ayarla.

e Dondiiriirken bir siire bekletmek i¢in saniye komutunu
kullan.

Gorevi nasil ve ne kadar tamamladin?

Yapmadim Kendim yaptim Takim arkadasim ile | Ikimizde ugrastik
birlikte yaptim fakat yapamadik
L U U U
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APPENDIX N

LESSON PLAN

In this section, lesson plans of a 15-hours course are presented session by session.
There should be three sessions on a day which lasted for 45 minutes with a 15-minutes
break. In the first six sessions of the course, students study in the first island
individually, and in the last six sessions, they should study with one of their peers as
pairs in the second island. Each group will study in a separate island and they will try
to solve the problems of this island by completing the tasks assigned them. A
repository of resources would be presented to students via a web site. Students should
be informed about this web site and promoted to share their comments on the related

posts.

First Day / Session 1

Topic: Introducing programming and S40S
Learning Objectives: By participating this session, students will be able to:

e define what programming is

e explain the importance of programming

e give examples about the use of programming
e use S40S

Target Learners: 4™, 51 and 6™ graders (learners first meeting with programming)

293



Duration: 45 minutes

Number of students: 8-16

Teaching-Learning

Materials and Resources: Presentation about programming and S40S, videos about

programming, and projector.
Activities:

e Present what is programming and the importance of programming
e Explain why programming is important to learn, give examples about the use
of programming in daily life

e Watch the video on www.youtube.com/embed/nKlu9yen5nc

e Explain the S40S and how to use it such as building code and transforming it
Feedback and Assessment:

e Ask students to give example use of programming in their daily life and their

experience if any.
Wrap-Up the Session

e Summarize the activity
e Remind students that they should visit the social area in 3D environment which

contains posters and videos about programming

First Day / Session 2

Topic: First login to 3D environment and training on generic skills
Learning Objectives: By participating this session, students will be able to:

e use the Imprudence viewer

e perform basic skills in 3D environment
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http://www.youtube.com/embed/nKIu9yen5nc

Target Learners: 4", 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to

login 3D environment, and projector.
Activities:

e Distribute students’ login names and passwords, demonstrate how to login to
3D environment via the viewer and first login to 3D environment

e Present the important panels and their use on Imprudence viewer

e Present the overview of the first island and its areas

e Train students on generic skills in 3D environment such as movement, camera

control, communication, building basic objects, and inventory
Feedback and Assessment:

e Watch students and help anyone encountering any problem

e Ask students about their first impression about the 3D environment.

Wrap-Up the Session

e Summarize the use of important functions on the viewer.
e Remind students that they should keep in mind their login names, passwords

e Remind the rules of 3D environment

First Day / Session 3

Topic: Customizing avatars
Learning Objectives: By participating this session, students will be able to:
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e customize their avatars
Target Learners: 4", 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to

login 3D environment, and projector.
Activities:

e Demonstrate how to customize the avatars

e Go to Avatar Center and choose one of the avatars and some outfit

e Show students how to change the appearance of their avatars and the outfits

e Show how to move in different modes and how to apply gestures on their

avatars
Feedback and Assessment:

e Watch students and help anyone encountering any problem
e Ask students to explain the importance of avatar appearance for themselves

e Ask student to take a photo of their avatar and share it on the web site.
Wrap-Up the Session

e Summarize the activity

e Remind students that they should customize their avatar in their free time

Second Day / Session 4

Topic: Building the first robot and train it to follow routes

Learning Objectives: By participating this session, students will be able to:
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e build the first 3D robot and edit it
e build code to move the robot on the routes via S40S
e attach script to the robot by transferring code built via S40S
e use the movement and event handler codes on S40S
O move ... meters
o turn.... degrees

o when | am touched
Target Learners: 4" 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to
login 3D environment, projector and activity sheet for Building 1 in Appendix K per

student.
Activities:

e Demonstrate how to build 3D robot and edit its features

e Go to Robot Creation Center and build a simple robot

e Go to Building 1 on the Robot Training Center, distribute the sheet for the
activities in Building 1 to each student and explain what they will do in this
activity.

e Complete the first and second activity together with students

e Firstly, explain the activity and then allocate some time for students to think
about the code to do the activities, and complete the activities for students on

their own. Finally, demonstrate how to complete the activities.
Feedback and Assessment:

e Watch students and help anyone encountering any problem
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e Ask students to rebuild their code if their robots would not follow the routes

on the activities

e Ask students to mark the activities they completed on their sheets and collect

them at the end of the day to follow students’ progress
Wrap-Up the Session

e Summarize the activities, codes and their function

¢ Remind students about the use of S40S and its appropriate use

Second Day / Session 5

Topic: Train the robot to follow the routes on Building 2, 3 and 4
Learning Objectives: By participating this session, students will be able to:

e build code to move the robot on the routes via S40S
e attach script to the robot by transferring code built via S40S
e use the movement and event handler codes on S40S

O move ... meters

o turn....degrees

o when | am touched
Target Learners: 4™, 51 and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to
login 3D environment, projector and activity sheet for Building 2,3 and 4 in Appendix
K per student.

Activities:
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e Go to Building 2 on the Robot Training Center, distribute the sheet for the
activities in Building 2 to each student. Firstly, explain what they will do in
this activity and then allocate some time for students to think about the code to
do the activities, and complete the activities for students on their own. Finally,
demonstrate how to complete the activities.

e Go to Building 3 on the Robot Training Center, distribute the sheet for the
activities in Building 3 to each student. Firstly, explain what they will do in
this activity and then allocate some time for students to think about the code to
do the activities, and complete the activities for students on their own. Finally,
demonstrate how to complete the activities.

e Go to Building 4 on the Robot Training Center, distribute the sheet for the
activity in this building to each student. Firstly, explain what they will do in
this activity and then allocate some time for students to think about the code to
do the activity, and complete for students on their own. Finally, demonstrate
how to complete the activity.

Feedback and Assessment:

e Watch students and help anyone encountering any problem

e Ask students to rebuild their code if their robots would not follow the routes
on the activities

e Ask students to mark the activities they completed on their sheets and collect

them at the end of the day to follow students’ progress
Wrap-Up the Session

e Summarize the activities, codes and their function

e Remind students about the use of S40S and its appropriate use

Second Day / Session 6

Topic: 3D object construction via programming

Learning Objectives: By participating this session, students will be able to:
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e Dbuild code to create basic 3D objects via S40S
e attach script to the given robot by transferring code built via S40S
e use pen, event handler and loop codes on S40S

o pendown

o penup

o change pen color by ....

o when | am touched

o repeat ...
Target Learners: 4", 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to

login 3D environment, projector and activity sheets in Appendix L per student.
Activities:

e Goto 3D Geometric Shape Creation Center and take a copy of the robot which
will be used for creating shapes. Locate the robot to the related area on this
center. Distribute the sheet for the activities in this session to each student.

o Create the first shape, triangle, together with students, and demonstrate how to
use pen code to create 3D shapes.

e Then, explain the other shapes, which are square, regular pentagon and
hexagon, and their features to the students.

o Allocate some time for students to think about the code to create other shapes,
and create them for students on their own. Finally, demonstrate how to create
the shapes at the end.

¢ Introduce students the loops in programming, and create one of the shapes by
using repeat code block on S40S. Allow students to realize how and why to

use repeat code.
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Feedback and Assessment:

e Watch students and help anyone encountering any problem
e Ask students to rebuild their code if shapes would not be created as desired.

e Ask students to take a snapshot of their artefacts and promote them to share

those artefacts on web site.
Wrap-Up the Session

e Summarize the codes and their function

e Remind students about the use of repeat code block which makes the process

of building code easier and briefer.

Third Day / Session 7

Topic: Introducing the second island, defining the roles and colors
Learning Objectives: By participating this session, students will be able to:

e |earn about their roles, assigned colors and team members

e recognize the second island and what to do on this island
Target Learners: 4" 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to

login 3D environment, projector, and cover story sheet in Appendix B per group.
Activities:

e Teleport students to the second island and describe it.
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Define the groups and assign two members to each group. Then assign a color,
blue or red to each members of the group.

Distribute cover story of the town to each group, and explain what is expected
from students to do as a group on this island.

Explain the mission of the students on the island and their role as they would
work in the town along with their teammate as builders. Each team is
responsible for solving the problems of the town by completing a number of
assigned tasks on this island.

Explain that there is a total of 24 tasks for each team on this island, and each
team member have 12 tasks to complete. Each task is numbered from 1 to 12
and colored as either red or blue. Group members are tasked with completing
all of the tasks with their corresponding assigned color in accord with the
teammate.

Explain the overall tasks and their location to the students.

Feedback and Assessment:

Watch students and help anyone encountering any problem
Ask students about their first impression about the tasks, roles, mission and
second island

Wrap-Up the Session

Summarize the tasks on this island
Remind students that they will study in groups while completing the tasks on

this island and therefore they could get help from each other.

Third Day / Session 8

Topic: Completing the tasks 1-3

Task 1: Read the story
Task 2: Build a bridge on the river

Task 3: Build the wall
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Learning Objectives: By participating this session, students will be able to:
e Dbuild an algorithm for a basic programming task
Target Learners: 4" 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to
login 3D environment, projector, and task cards numbered 1, 2 and 3 in Appendix M

for each student.
Activities:

e Distribute the colored binders according to assigned colors of students and ask
them to write their names to the binder.

¢ In the first task, ask students to take the blue or red helmet according to their
assigned color in 3D environment and put on it to their avatars. Remind them
to follow the colored waymarks which bring them to their assigned tasks in
turn.

e Then, ask students to go to location of Task 2. Explain this task as “The bridge
over the Yesilirmak River has been partially destroyed due to natural disaster.
You need to rebuild the bridge for the people living in the town.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Demonstrate how to take the necessary materials for completing this
task since this is the first time for them.

o Ask students to build codes and complete the task on their own by

getting help with their teammate for a while. After a certain time, ask
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students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could
complete the tasks correctly.
e Ask students to go to location of Task 3. Explain this task as “You need to
build the walls of a shelter inside the garden for a newly arriving pet.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could

complete the tasks correctly.
Feedback and Assessment:

e Watch students and help anyone encountering any problem

e Explain students that they could watch the Expert Videos on 3D environment
for viewing the steps of relevant tasks, and they could also get feedback from
their peers.

e Ask students to put on marks on their task cards that fits best for them. Collect
the task cards at the end of the day

e Ask students to take a snapshot of their artefacts at the end of the tasks and

save them to a portable hard disk
Wrap-Up the Session

e Summarize the tasks, codes for completing them and their functions

e Promote the group study

Third Day / Session 9
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Topic: Completing the tasks 4-5

e Task 4: Build a revolving door

e Task 5: Build a staircase
Learning Objectives: By participating this session, students will be able to:

e use pen and event handler code
o pendown
o penup
o change pen color by ....
o when | am touched

e use loop code

O repeat...
Target Learners: 4™, 51 and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to
login 3D environment, projector, and tasks cards numbered 4 and 5 in Appendix M for

each students.
Activities:

e Distribute the colored binders of each student.

e Ask students to go to location of Task 4. Explain this task as “You need to
build a revolving door at the market. When the avatar collides the door, the
door should revolve. The door should stop revolving when the collision of
avatar ends.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.
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o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could
complete the tasks correctly.

e Ask students to go to location of Task 5. Explain this task as “You need to
rebuild the fire damaged staircase. The staircase should have ... steps and each
step should be ... meters.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could

complete the tasks correctly.
Feedback and Assessment:

e Watch students and help anyone encountering any problem

e Explain students that they could watch the Expert Videos on 3D environment
for viewing the steps of relevant tasks, and they could also get feedback from
their peers.

e Ask students to put on marks on their task cards that fits best for them. Collect
the task cards at the end of the day

e Ask students to take a snapshot of their artefacts at the end of the tasks and

save them to a portable hard disk

Wrap-Up the Session
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e Summarize the tasks, codes for completing them and their functions

e Promote the group study

Fourth Day / Session 10

Topic: Completing the tasks 6-7

e Task 6: Build an automatic door

e Task 7: Move the turtle to its home across the river
Learning Objectives: By participating this session, students will be able to:

e use the forever loop, conditional statements and boolean logic
o forever
o if...

o 1if...else....
Target Learners: 4™, 51 and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to
login 3D environment, projector, and tasks cards numbered 6 and 7 in Appendix M for
each students.

Activities:

e Distribute the colored binders of each student.

e Ask students to go to location of Task 6. Explain this task as “You need to
build an automatic door for the building. When the avatar reaches within two
meters proximity of the door, the door should open automatically. The door

should close when the avatar’s proximity to the door exceeds two meters.”
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o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could
complete the tasks correctly.

e Ask students to go to location of Task 7. Explain this task as “A turtle managed
to escape from jail and is sheltering in a rotating box. Take the turtle by
touching the box. Code the turtle so that the turtle accompanies you to its home
across the river.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could

complete the tasks correctly.
Feedback and Assessment:

e Watch students and help anyone encountering any problem

e Explain students that they could watch the Expert Videos on 3D environment
for viewing the steps of relevant tasks, and they could also get feedback from
their peers.

e Ask students to put on marks on their task cards that fits best for them. Collect

the task cards at the end of the day
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e Ask students to take a snapshot of their artefacts at the end of the tasks and

save them to a portable hard disk

Wrap-Up the Session

e Summarize the tasks, codes for completing them and their functions

e Promote the group study

Fourth Day / Session 11

Topic: Completing the tasks 8-9

e Task 8: Build a counter for cafe

e Task 9: Smart mail counter
Learning Objectives: By participating this session, students will be able to:

e usevariable, change and view the value of variables, conditional statements
and coordination and synchronization between objects
o Make avariable
= change ... by....
= view variable ....
= get...to....
o if...else....

o broadcast and when I receive ....
Target Learners: 4™, 51 and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning
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Materials and Resources: Computer for each student and teacher which are ready to
login 3D environment, projector, and tasks cards numbered 8 and 9 in Appendix M for

each students.
Activities:

e Distribute the colored binders of each student.

e Ask students to go to location of Task 8. Explain this task as “The owner of
the shop wants to know how many customers visited the shop and asks for your
help. You need to record the number of visitors and then show the number.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could
complete the tasks correctly.

e Ask students to go to location of Task 9. Explain this task as “A family want a
smart mailbox for their home with the following characteristics. Each time the
avatar touches the mailbox, the number of letters in the mailbox should
increase. The mailbox can only hold a maximum of 20 letters. When there are
fewer than 20 letters in the mailbox, return the message, <The mailbox has
space> When there are equal or more than 20 letters, return the message, <The
mailbox is full, please empty it>.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about

how to do that with their team members.
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o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could

complete the tasks correctly.
Feedback and Assessment:

e Watch students and help anyone encountering any problem

e Explain students that they could watch the Expert Videos on 3D environment
for viewing the steps of relevant tasks, and they could also get feedback from
their peers.

e Ask students to put on marks on their task cards that fits best for them. Collect
the task cards at the end of the day

e Ask students to take a snapshot of their artefacts at the end of the tasks and

save them to a portable hard disk
Wrap-Up the Session

e Summarize the tasks, codes for completing them and their functions

e Promote the group study

Fourth Day / Session 12

Topic: Completing the tasks 10-11

e Task 10: Move the heavy box
e Task 11: Build a letter game

Learning Objectives: By participating this session, students will be able to:

e use random numbers, loop, coordination and synchronization between
objects codes
o pick random ... to ...

o broadcast and when I receive ....
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o repat...
Target Learners: 4", 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to
login 3D environment, projector, and tasks cards numbered 10 and 11 in Appendix M

for each students.
Activities:

e Distribute the colored binders of each student.

e Ask students to go to location of Task 10. Explain this task as “You need to
help an elderly couples on this task. Since the couples had difficulty in moving
the heavy box, you should program the box to move both sides when the related
button is touched.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could
complete the tasks correctly.

e Ask students to go to location of Task 11. Explain this task as “You need to
build a letter game for the grandchild of the house owner. A cube has a letter,

from A to F, on each face. The cube should randomly rotate when touched.”
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o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could
complete the tasks correctly.

Feedback and Assessment:

e Watch students and help anyone encountering any problem

e Explain students that they could watch the Expert Videos on 3D environment
for viewing the steps of relevant tasks, and they could also get feedback from
their peers.

e Ask students to put on marks on their task cards that fits best for them. Collect
the task cards at the end of the day

e Ask students to take a snapshot of their artefacts at the end of the tasks and

save them to a portable hard disk
Wrap-Up the Session

e Summarize the tasks, codes for completing them and their functions

e Promote the group study

Last Day / Session 13

Topic: Completing the task 12
e Task 12: Revolve a funfair carrousel
Learning Objectives: By participating this session, students will be able to:
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e use variable, conditional statements codes and change variable values
o setavariable
o change the value of variable
o rotate the object according to value of the variable

Target Learners: 4", 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Computer for each student and teacher which are ready to
login 3D environment, projector, and task card numbered 12 in Appendix M for each

students.
Activities:

e Distribute the colored binders of each student.

e Ask students to go to location of Task 12. Explain this task as “You are asked
to help revolve a funfair carrousel. Firstly, the carrousel should stop and it
should start revolving e around when touched by an avatar, and it should stop
when touched again. This should continue in this order.”

o For more information about this task, allocate some time for students
to read more information about the name, definition, instruction and
warnings about this tasks on the relevant card in the binder.

o Allocate some time for students to understand the task and think about
how to do that with their team members.

o Ask students to build codes and complete the task on their own by
getting help with their teammate for a while. After a certain time, ask
students how they completed it and you could want one of the students
to explain the codes. At the end of the task, ensure that everyone could

complete the tasks correctly.

Feedback and Assessment:
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Watch students and help anyone encountering any problem

Explain students that they could watch the Expert Videos on 3D environment
for viewing the steps of relevant tasks, and they could also get feedback from

their peers.

Ask students to put on marks on their task cards that fits best for them. Collect

the task cards at the end of the day

Ask students to take a snapshot of their artefacts at the end of the tasks and

save them to a portable hard disk
Wrap-Up the Session

e Summarize the task, codes for completing it and their functions

e Promote the group study

Last Day / Session 14

Topic: Summary of the overall course
Learning Objectives: By participating this session, students will be able to:

e remember the overall tasks, and basic concepts of programming learned
throughout the course

Target Learners: 4" 5" and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Presentation about the overall course, basics of

programming and S40S, and projector.

315



Activities:

e Present the basics of programming, codes on S40S, and their example use in
the previous sessions

e Ask students how to transfer what was learned into real life situations
Feedback and Assessment:

e Ask students to give example use of programming concepts in different

situations.
Wrap-Up the Session

e Mention about the importance of programming in today’s life

Last Day / Session 15

Topic: Ideas of students in programming for the future
Learning Objectives: By participating this session, students will be able to:

e express their future ideas and expectations at programming

e et their certificate based on their attendance to overall sessions
Target Learners: 4™, 51 and 6™ graders (learners first meeting with programming)
Duration: 45 minutes
Number of students: 8-16

Teaching-Learning

Materials and Resources: Certificate of attendance based on the students’ attendance

to overall sessions.

Activities:
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e Ask students about their ideas and expectations about programming after the

course
e Ask students about how this course would be enhanced better

e Explain the use of programming in different situations, such as robot and

mobile programming
e Tryto develop a passion for students to learn programming in advanced levels

in different environments and platforms

e Distribute the students’ certificate of attendance
Feedback and Assessment:

e Gather the task cards of students and investigate the marks

Wrap-Up the Session

e Remind students that they should learn programming in different levels in their

future life via different platforms
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