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Abstract

In our increasingly technological society, computational thinking is con-
sidered vital despite future career choices. Computational thinking can de-
velop and enhance unique thinking skills, and educators all over the world
are focused on how they can increase youths’ engagement in the field. More
insight is required to see what teens enjoy and are engaged by when learn-
ing and applying computational thinking, as an increased engagement can

make youth more invested and involved in computing.

This study aimed to investigate teens’ academic engagement in computa-
tional thinking activities by answering the research question: "Which fac-
tors can influence teens’ engagement in computational thinking activities?"
Academic engagement concerns how students are psychologically invested
towards learning, understanding, or mastering knowledge and skills that
the academic work is promoting. This study looked more into the features
of academic engagement and how collaboration can affect teens’ academic

engagement.

By conducting two workshops called Kodelgypa and Tappetina, data was
collected using observations, interviews, artifacts, and questionnaires, and
thus used to detect factors that teens find motivating. The result of this study
is a mapping of factors that affect teens’ academic engagement. Some ex-
amples are teamwork and assistance, competence, motivation, perceptions,
and learning. These findings can be used to assist educators, lecturers, and
teachers in developing engaging and motivating computational thinking ac-

tivities.

Keywords: Computational thinking, academic engagement, motivation,
youth




Sammendrag

I det stadige mer teknologiske samfunnet vart, anses algoritmisk tanke-
gang som viktig uavhengig av fremtidige karrierevalg. Algoritmisk tankegang
kan utvikle og forbedre unike tenkeferdigheter, og lerere og undervisere
verden rundt fokuserer na pa hvordan de kan gke ungdommens engasje-
ment for dette. Innsikt om hva ungdommer blir motiverte av nar de lerer
og bruker slik algoritmisk tankegang er ngdvendig, siden det kan gjgre dem

mer investerte og involverte.

Denne studien har utforsket tenaringers akademiske engasjement i aktivitet-
er med algoritmisk tankegang ved a svare pa forskningsspgrsmalet: "Hvilke
faktorer kan pavirke tenaringers engasjement i aktiviteter med algoritmisk
tankegang?" Akademisk engasjement omhandler den psykologiske investe-
ringen og innsatsen som studenter har for leering, forstaelse eller mestring
av kunnskap og ferdigheter som det akademiske arbeidet promoterer. Denne
studien har sett pa engasjementtypene som akademisk engasjement bestar
av og hvordan samarbeid kan pavirke tenaringenes akademiske engasje-

ment.

Gjennom to workshoper kalt Kodelgypa og Tappetina, ble data samlet inn
ved hjelp av observasjoner, intervjuer, artefakter og spgrreskjemaer, og
deretter brukt for a finne faktorer som tenaringer mener er motiverende.
Resultatet av studien er en kartlegging av faktorer som pavirker tenaringers
akademiske engasjement. Noen eksempler er samarbeid og assistanse, kom-
petanse, motivasjon, oppfatninger, og lering. Disse funnene kan hjelpe
leerere og undervisere i a utvikle engasjerende og motiverende aktiviteter

med algoritmisk tankegang som fokus.

Ngkkelord: Algoritmisk tankegang, akademisk engasjement, motivasjon,

ungdommer
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Chapter 1

Introduction

This chapter describes the motivations, research inquiry, research process,
and outline of this study. The former includes the author’s personal moti-
vation and thoughts for conducting this study. Section 1.1 and Section 1.2
clarify the motivations, while Section 1.3 introduces the research inquiry of
this study. Section 1.4 specifies this study’s research process in a brief way,

while Section 1.3 outlines the succeeding chapters of this thesis.




Chapter 1. Introduction

1.1 Motivation

Digital technology is becoming more common in all aspects of society, and
sets new demands for digital skills (Utdanningsdirektoratet, 2016). Regard-
less of future profession choices, some basic knowledge of technology and
its applications are needed in our increasingly technological society. Edu-
cators need to prepare students for their future, and a way to do so is to teach
them computational thinking (Wing, 2006). Despite the lack of a universal
definition among researchers, many computational thinking definitions in-
clude problem-solving, algorithmic thinking, and recognizing how existing
knowledge can be transferred to new situations. Programming as a tool can
be used to promote this kind of thinking (Yadav et al., 2016).

The importance of developing digital skills is now reflected in curriculum
all over the world (Hubwieser et al., 2015). In the USA, the CS10K initia-
tive by NFS has aimed to employ 10,000 new Computer Science teachers
in U.S high schools. Foundations for Advancing Computational Thinking
(FACT), Exploring Computer Science (ECS), and AP CS Principles are
some courses that target the fostering of computational skills in students
(Grover and Pea, 2013; Grover et al., 2014a). Another example is Com-
puting At School, a growing organization for improving the teaching of
Computer Science in UK schools (Brown et al., 2013). Norwegian curricu-
lum is also found to target the need for digital skills. In Fall 2016, 146
middle schools rolled out an elective programming course called Valgfag
i Programmering (Utdanningsdirektoratet, 2016). The goal of this course
has been to teach teens how computers and programs work, alternative uses
of programming languages, and basic principles in programming and com-

putational thinking.

Various studies look at ways to teach youth Computer Science and compu-
tational thinking (Resnick et al., 2009; Repenning et al., 2010; Lee et al.,

2



1.1 Motivation

2011; Grover et al., 2014a; Voogt et al., 2015; Weintrop and Wilensky,
2015; Garneli et al., 2015; Yadav et al., 2016). Researchers have found
that visual programming environments can teach novice users the basics of
computing without being overwhelmed by syntaxes of textual-based pro-
gramming (Resnick et al., 2009; Adams and Webster, 2012; Grover and
Pea, 2013; Mannila et al., 2014). Studies by Meerbaum-Salant et al. (2010)
and Franklin et al. (2013) focused on the visual programming language
Scratch, and the assessment of learning with it. Somehow similarly, Burke
and Kafai (2012) investigated the types and frequency of programming con-

cepts utilized in different kinds of Scratch projects.

Researchers have also explored student performances in computational think-
ing activities with visual programming (Denner et al., 2012; Armoni et al.,
2015; Fields et al., 2016). Brennan and Resnick (2012) expressed the need
for multiple means of assessing student-created artifacts. Grover et al.
(2014a) agreed that there is a need for more objective assessment instru-
ments to illuminate student understanding of computing concepts and com-

putational thinking skills.

Several studies examine how we can engage teens in computational think-
ing activities (Kelleher et al., 2007; Maloney et al., 2010; Giannakos and
Jaccheri, 2013; Giannakos et al., 2013). According to Giannakos et al.
(2013), creativity has been pointed out as a positive factor in learning pro-
gramming and Computer Science, and in agreement with Kelleher et al.
(2007), they found that a storytelling approach could increase the inter-
ests for programming. While many studies look at how they can broaden
participation in computing, not many have looked into specific factors that
can increase engagement in computational thinking activities. This study
is built on the lack of insight regarding particular characteristics that can
increase engagement for such activities. This research brings light to dif-
ferent factors that affect students’ engagement for academic work, which

contributes to filling a gap of absent research on quality of engagement,

3



Chapter 1. Introduction

and how to deepen participation in computing (Fields et al., 2014).

This study can benefit educators, teachers, and researchers who want to
engage teens in learning computational thinking. The goal should be to

motivate them to a great extent, so they want to continue to learn more.

1.2 Personal motivation

This exploration of mine started as an interest in education, learning, and
Computer Science. Long before I enrolled as an undergraduate at my uni-
versity, I was interested in kids and how they learn, mainly through mentor-
ing, being an assistant coach for a basketball team of girls, and teaching at
summer school. When I went to primary school, I learned to create images
in Paint, write documents in Word, play around with Wordart, and then
save my projects on diskettes. The role of technology has however evolved
since then, and we now live in a technology-centered society where kids
know how to use a lot of different technologies, but not necessarily how

they are built up and how they can benefit from it.

Technology will have a more significant impact on us and our community
in the future (Lye and Koh, 2014). There will be more engineers, new
findings, and improvements in current education. Accordingly, we need
more people interested in fields such as Computer Science, computing, and
engineering. By motivating children to develop an interest in computational
thinking early in education and childhood, more people will be increasingly
interested and motivated to continue on this path. To make children enjoy
computational thinking tasks, we need to look further into how we can
engage and motivate them. Like Koca (2016) expressed, motivation has
shown to be an important, if not the most essential, element in academic

Success.
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1.3 Research inquiry

This thesis was written for people who are interested in learning and teach-
ing technology and Computer Science, and individuals who feel that we
need more adaption of curriculum with the pace of our technological soci-
ety. To people similar to me who went to school and enjoyed creating some-
thing digitally, rather than painting, drawing, and knitting, and to those who
enjoyed both. This thesis is also available to the curious people who just

like to read.

1.3 Research inquiry

This study will examine factors that influence teens’ engagement in compu-
tational thinking activities in order to increase interest and participation in
relevant fields. The research question is hence: Which factors can influence
teens’ engagement in computational thinking activities? The specific en-
gagement this study will focus on is academic engagement, which concerns
the psychological investment and efforts students have towards learning,
understanding, or mastering knowledge, skills, and crafts that academic

work is intended to promote (Turner et al., 2014).

To answer the research question, this study will use the popular visual pro-
gramming environment Scratch and look at factors that encourage teens to
participate in computational thinking activities. Furthermore, this research
will look at what role collaboration has for teens’ engagement. In other

words, the research inquiry is as follows:

e RQ1: Which factors can influence teens’ engagement in compu-
tational thinking activities?

— SQI.1: What role does collaboration play in teens’ engage-

ment?




Chapter 1. Introduction

1.4 Research process

To undertake the research inquiry, the research is based on the construc-

tionist paradigm and on related theories and studies.

To collect data, two out of school workshops called Kodelgypa and Tap-
petina were studied, which were conducted by researchers at the author’s
university, Norwegian University of Science and Technology (NTNU) in
Trondheim, Norway. The data collection followed a mixed methods ap-
proach and included instruments such as observation, interview, artifact,

and questionnaire.

To analyze data, data collected with different instruments underwent differ-

ent processes. Detailed descriptions will be described in Chapter 3.

Figure 1.1 illustrates the main ingredients of this thesis and includes the
research inquiry, the most relevant research and theories, the conducted in-

vestigations in this study, and finally this study’s contributions to research.

1.5 Thesis outline

Chapter 2 introduces relevant concepts, theories, and previous research that

are applicable for exploring the research inquiry.

Chapter 3 describes the methodology for collecting and analyzing the data
in this study. This chapter contains an elaboration of how validity, reliabil-

ity, ethics, and confidentiality have been ensured in this study.

Chapter 4 presents the results of the data collection, while Chapter 5 finally
discusses the results and how they relate to the research inquiry, the gen-
eralizability and applicability of the findings, limitations, possible future

work, and lastly this study’s closing words.
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Chapter

Background

This chapter outlines theories, concepts, and studies relevant to the objec-
tives of this research, and is a base for succeeding chapters and choices
made in this study. It is essential to look at how literature defines and de-
scribes different terms in order to answer the research inquiry. The theoret-
ical part is sectioned as follows: Section 2.1 looks at four essential learning
theories and presents some of the most distinct differences between them.
Section 2.2 reflects on the existing definitions of computational thinking,
and reasons for introducing computational thinking to schools. The fol-
lowing subsections introduce programming and creativity as two ways to
maintain and improve computational thinking skills. Section 2.3 describes
visual programming environments, and how they are considered a more
playful and attractive way for novice users to learn computational thinking,
Computer Science, and programming. This section also includes a para-
graph regarding Scratch, which will be used later in this study. Section 2.4
will explain academic engagement and how students can be motivated to
learn. Section 2.5 looks at how related studies have addressed youth’s en-
gagement in computational thinking activities. Finally, the last two sections

present how research and studies have contributed to this study.




2.1 Learning theories

2.1 Learning theories

Learning has been defined in various ways by researchers, and although
there are common elements in many of them, there is no existing universal
agreement. A definition by Shuell, but later interpreted by Schunk in 1991,

incorporates a lot of these elements (Ertmer and Newby, 2013):

"Learning is an enduring change in behavior, or in the capacity to behave
in a given fashion, which results from practice or other forms of experi-

ence’”.

The way we define learning and how we believe learning occurs is there-
fore crucial for situations where we want to change how people do or
know something. Instructional designs with verified instructional strate-
gies and techniques for facilitating learning are called learning theories or
learning paradigms. The different learning theories can emphasize factors
variously, such as whether and how much the learner contributes to the
learning processes, how learning is obtained, and how the environment
affects learning. Three popular learning theories are behaviorism, cogni-
tivism, and constructivism. These are considered the most utilized learning
paradigms when creating instructional environments (Siemens, 2014). An-
other widespread learning theory is constructionism, which is commonly
used in educational studies and strategies associated with how children
learn with computers (Bers et al., 2002; Denner et al., 2012).

2.1.1 Behavioristic learning theory

Learning in behavioristic learning theory is facilitated when there are changes
in form or frequency of an observable performance, and a learner demon-

strates a proper response to a presentation of a specific environmental stim-

9



Chapter 2. Background

ulus (Ertmer and Newby, 2013). The critical elements of behavioristic
learning are the stimulus, the response, and how the association between
them is made, strengthened, and maintained. The learner is reactive to con-
ditions in the environment, and whenever the learner starts generalizing,
behaviorists say that the learner transfers knowledge from one situation
to another. Regardless, it is generally agreed that the behavioristic learn-
ing theory cannot explain the acquisition of higher level skills or in-depth
processing. In other words, behavioristic learning theory is about behav-
ioral change and the passive absorption of knowledge, through repetition
and both positive and negative encouragements (Ertmer and Newby, 2013;
Loras, 2017).

2.1.2 Cognitivist learning theory

In the late 1950s, learning theory started to shift over to cognitive sciences,
and psychologists and educators started to emphasize on complex cogni-
tive processes, including thinking, problem-solving, and information pro-
cessing (Ertmer and Newby, 2013). Learning for the cognitivist is related
to discrete changes between states of knowledge, as opposed to changes in
the probability of a response. This paradigm is more concerned with what
learners know and how they know it, instead of what they do. Knowledge is
made meaningful for the learner, such that he can organize, code, and relate
new information to existing knowledge in the memory. The learner is per-
ceived active in a learning process, and his thoughts, attitudes, and values,
along with environmental conditions are essential for facilitating learning.
When a learner has understood how to apply knowledge to different situa-
tions, transfers have occurred. To conclude, the cognitivist learning theory
views knowledge as constructed cognitive structures within the mind of the
learner, and that learning actively adds new experiences to existing knowl-
edge (Ertmer and Newby, 2013).
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2.1.3 Constructivist learning theory

Constructivism is a learning paradigm which claims that students construct
knowledge, rather than merely receive and store knowledge transmitted by
the teacher (Ben-Ari, 1998). Learners build personal interpretations of the
world based on experiences and interactions, meaning that actual experi-
ences have to be examined for each individual to see if learning has oc-
curred (Ertmer and Newby, 2013). This construction builds recursively on
the knowledge that the student already possesses, and both learner and envi-
ronmental factors are critical to the constructivist. It is thus the interaction
between the learner and the environmental factors that create knowledge.
Learning must be active by students, and they must construct knowledge
through guidance from teachers, and feedback from other students. Class-
rooms that consider messiness and complexity in real-life learning will be
more effective in preparing learners for life-long learning (Siemens, 2014).
The focus of constructivism is to create cognitive tools which reflect on the
insights and experiences of individuals, and the settings where the tools
are used. This paradigm assists learners in actively exploring complex
topics, and have a higher chance of making learners think as domain ex-
perts would. Constructivism promotes collaboration and social interaction,
as this can promote that multiple perspectives are used to solve a specific
problem (Ertmer and Newby, 2013; Loras, 2017).

2.1.4 Constructionist learning theory

Constructionist learning theory believes that learning is to build new knowl-
edge on existing knowledge, regardless of the circumstances of the learn-
ing (Papert and Harel, 1991). It supports the constructivist ideas that the
learner is an active builder of knowledge and their cognitive tools. Accord-
ing to Kafai and Resnick (1996) and Ackermann (2001), the construction-
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ist theory goes beyond constructivism, as it focuses on making artifacts,
asserting that learners are engaged and that they understand the meaning
of constructing the artifacts. In addition to this, the constructionist learn-
ing theory identifies a strong bond between design and learning, and that
designing provides a rich context for learning. Bers et al. (2002) present
constructionism as built up of four principles. The first is learning by de-
signing meaningful projects to share in the community. The second is to
use concrete objects to build and explore the world. The third is to identify
powerful ideas that are both personally and epistemologically significant
for the learners, and the fourth is to emphasize self-reflection as a part of
learners’ learning processes. It is common that these principles are present
in early childhood education, which makes a constructionist approach suit-

able for introducing, for instance, technology to kids (Bers et al., 2002).

In his book Mindstorms, Papert (1980) introduced an idea of construction-
ism where projections of inner feelings and ideas are vital for learning. The
learning process is an iterative process where learners use the tools and
meditations that best support the exploration of what they care most about.
It is therefore fundamental for students to recognize why it is essential to
learn what they are learning. By being personally involved in situations in-
stead of looking from a distance, the learner will feel a connection, which
counts as a powerful mean of gaining understanding (Papert, 1980). A
learner in this paradigm will outgrow their current views of the world, and
construct a deeper understanding of themselves and their environments. A
constructionist is situated, connected, and sensitive to variants in the envi-
ronment, and enjoys gaining understanding from singular cases, rather than
extracting and applying general rules (Kafai and Resnick, 1996). A learner
must therefore embrace unknown situations, be relational, and collaborate

with others.
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2.2 Computational thinking

Despite the lack of universal agreement for the term computational think-
ing (Barr and Stephenson, 2011; Grover and Pea, 2013; Voogt et al., 2015),
it was first introduced and made famous by Wing (2006). Wing (2006) de-
fined computational thinking as a fundamental skill for everyone, not just
for computer scientists: It involves problem-solving, pattern recognition,
algorithmic design, understanding humans, and thinking recursively. Other
scientists argued that computational thinking is about accomplishing a de-
fined task with rigorous analysis and procedures, while some expressed
that it is the study of the mechanisms of intelligence that can yield prac-
tical applications by magnifying human intelligence (Council, 2010). Lu
and Fletcher (2009) suggested that computational thinking is not about get-
ting humans to think like computers, but rather about developing the full
set of mental tools necessary to effectively use computing to solve com-
plex human problems. Similar to Wing (2006), Aho (2012) argued that
computational thinking is the thought processes involved in formulating
problems so that solutions are represented as computational steps and al-
gorithms. Another interpretation was presented by Yadav et al. (2016),
which draws similarities to many of the mentioned definitions. It consists
of four essential and concrete concepts of computational thinking, where
the first concept is to break down complex problems into more manageable
sub-problems (problem composition), and the second concept is to use a se-
quence of steps to solve problems (algorithmic thinking). The third concept
is to review how a solution transfers to similar problems (abstraction), and
finally the fourth is to determine if computers can help us solve problems

more efficiently (automation).
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2.2.1 Computational thinking in school

Lye and Koh (2014) predicted that current students would be working in
fields influenced by computing in the future, and thus deal with comput-
ing and computational thinking in their everyday life. The lack of uni-
versal interpretation and how educators should treat computational think-
ing as a discipline have however made it difficult for school curriculum to
find common ground (Grover and Pea, 2013). Researchers have discovered
that computational thinking can develop unique thinking skills, in addition
to enhance existing skills in mathematics, engineering, problem-solving,
and even design thinking (Barr et al., 2011; Grover and Pea, 2013). Ba-
sic knowledge of computational thinking should therefore be mandatory
to position children better in a world where computing can be considered
as relevant and critical as basic knowledge in science and math (Grover
and Pea, 2013). In addition to this, researchers agree that computational
thinking concepts should be introduced earlier in education since it is no
longer sufficient to wait until students are in college (Wing, 2008; Barr and
Stephenson, 2011).

However, many students are already and unknowingly taught a set of com-
putational skills in various disciplines in school (Millians, 2011; Beauchamp,
2016). Projects and frameworks such as Leveraging Thought Leadership
for Computational Thinking in PK-12, the CSTA/ISTE framework, and the
CS Principles framework are some of the steps towards giving all students
the opportunity to learn computational thinking skills (Barr et al., 2011;
Voogt et al., 2015; Yadav et al., 2016).

14



2.2 Computational thinking

2.2.2 Computational thinking and creativity

Creativity has in literature been described in numerous ways, although it
is difficult to define and measure. For simplicity, creativity is considered a
mental process that involves generation of new ideas or concepts, or new
associations between existing ideas or concepts (Jackson et al., 2012). The
past few years, educators in the field of Computer Science have started to
recognize the importance of incorporating creative processes as one of the
big themes of Computer Science (DfE, 2013). Computing has thus shifted
into a field that promotes exploration and creation of knowledge, enables
innovation, and allows individuals to create personally meaningful artifacts
(Mishra et al., 2013).

According to Resnick et al. (2009), a computational thinker sees computa-
tion as more than something to consume; it is considered something they
can use for design and self-expression. In an ICT2Think project funded by
NSF, researchers have proposed that learning computational thinking can
be improved when paired with creativity (Shell et al., 2014). According
to Shell et al. (2014), computational creativity is based on the idea that
students who possess computational thinking skills can leverage them to
improve their creative thinking skills, and vice versa. Computational cre-
ativity can also improve student achievement, learning, self-regulation, and
engagement. Supplementary, Voogt et al. (2015) stated that with Computer
Science knowledge, imaginative capacities such as innovative thinking and
curiosity could lead to more success in using computational thinking. By
using computational thinking skills with creative skills, researchers be-
lieve that students move from being technology consumers to tool builders
(Mishra et al., 2013). This way, the tools can be used to create new forms

of expression, in addition to benefit the society.
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Researchers consider school as a place that develops and supplies the needs
of the society, and schools should therefore produce students with creative
thinking skills (Soh, 2017). However, children’s creativity is underpriori-
tized in education, and instead of focusing on the development of problem-
solving skills, creative thinking, and decision-making abilities, educational
systems seem to focus on students’ recall and reproduction abilities (Riga
and Chronopoulou, 2014). Research implies that schools are not fulfilling
the creative potential of students and that highly creative persons often feel
isolated, misunderstood, or unappreciated because of the strict structures
and restrictions in educational contexts (Hennessey, 2000; Runco et al.,
2017). In a study by Yazzie-Mintz (2007), 75% of the students who an-
swered that they had been bored at school said that the material was not
interesting enough, and that their engagement within the classroom was af-
fected by the little interesting academic content. While the creativity level
in younger students decreases at home rather than in schools, the decrease
of creativity in upper school elementary can be explained by the increased
focus on standardized tests (Kim, 2011). The high-stakes testing environ-
ment has led to the elimination of content areas and activities in school,
leaving little room for imagination, problem-solving and creative thinking
for the students. Students who do not fulfill their creative needs can be-
come underachievers and express lower levels of educational attainment.
Supported by self-determination theorists, Riga and Chronopoulou (2014)
stated that only a creative environment can create the conditions for cre-
ative thinking to flourish, and that the biggest effect on children’s creativity
and behavior is related to alternative uses of ideas and materials, use of im-
provisation, testing hypothetical situations, and the use of problem-solving
(Vygotsky, 1990; Deci et al., 1991).
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2.2.3 Computational thinking and programming

Several researchers believe that computational thinking is to develop think-
ing skills in subjects beyond Computer Science and according to Lu and
Fletcher (2009), a way to do so is with programming. Researchers have
found that introducing computational thinking before programming can
spark interest, and avoid problems that undergraduates in introductory Com-
puter Science courses are known to face (Lee et al., 2011; Grover and Pea,
2013; Han et al., 2015; Rich and Hodges, 2017). Considering that compu-
tational thinking skills are learned and practiced in education in the future,
programming can be used to expose students to computational thinking,
work as a way to detect computational competencies, and a measure to ex-
pose students to creativity, as programming is considered a creative process
(Grover and Pea, 2013; Lye and Koh, 2014).

Programming as a tool can also be used to support the cognitive tasks in
computational thinking (Resnick et al., 2009; Barr et al., 2011; Grover and
Pea, 2013). Somehow similarly, Papert (1980) reported that children who
programmed with the programming language LOGO could develop pow-
erful procedural thinking skills identical to computational thinking skills.
The author described that a child would start to think through program-
ming, become an epistemologist, and thus able to transfer the earned skills
in non-programming contexts in and out of school. Despite several studies
contradicting the findings of Papert’s original theories (Mldlan and et al.,
1986), researchers have adopted the idea of using programming instruction
to teach mental skills and computational thinking (Voogt et al., 2015). Ac-
cording to Resnick and Silverman (2005), programming can also extend
what children are capable of creating, design, and invent with a computer.
They can gain experience in using and manipulating formal systems, and

transfer this to other domains.
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Computational participation

According to Kafai and Burke (2013) and Fields et al. (2014), there has
been a social shift for learning programming the past few years. While
it was more common to learn programming out of individualistic, tool-
oriented, and self-centric reasons in the past, applications are progressively
developed to design artifacts of true significance for others. Technology
and programming have moved into something more sociological and cul-
tural, making it normal to create digital media, and share it with commu-
nities or with other people. There is a chance that this shift called com-
putational participation is influenced by the increasing interest in compu-
tational thinking in educational environments, and the growing need for
self-made (DIY) projects among teens. With this in mind, Kafai and Burke
(2013) expressed a need for turning computational thinking and program-
ming to more social acts, and "a communal practice steeply grounded in
how we think about what students today should learn to become full partic-
ipants in their respective communities", rather than isolated, individualistic
acts. To continue broadening participation in computing successfully, and
on a larger scale than done before, new guidelines for designing activities,
tools, and communities in educational environments are essential. Further-
more, while it is important to broaden participation, there is also a need
for investigating the quality of engagement among teens in order to deepen
participation (Fields et al., 2014).

18



2.3 Visual programming environments

2.3 Visual programming environments

Nowadays, programming is packed in different sorts of environments that
are useful when learning computational thinking, and one example is vi-
sual programming tools (Mannila et al., 2014). These environments are
popular and can teach people essential 21st-century skills such as thinking
creatively, how to reason systematically, problem-solving skills, and con-
cepts in mathematics and computation (Resnick et al., 2009). With these
environments, youth are enabled to construct running programs through
simplified programming interfaces. They can consequently learn central
Computer Science concepts by using drag and drop blocks of code (Adams
and Webster, 2012; Grover and Pea, 2013; Weintrop and Wilensky, 2015;
Armoni et al., 2015).

2.3.1 Benefits of visual programming

According to Repenning et al. (2010), effective computational thinking
tools for school children have low floor and high ceiling. These concepts
have existed since the time of LOGO programming and are considered a
guiding principle for creating programming languages for children (Papert,
1980; Resnick et al., 2009). Low floor implies that it should be relatively
easy for a novice user to cross the threshold of creating working programs,
while high ceiling suggests that programming environments should be ex-
tensive and powerful enough to satisfy the needs of advanced programmers.
Programming environments should also scaffold flow, enable transfer, sup-
port equity, and be systematic and sustainable (Repenning et al., 2010;
Grover and Pea, 2013). Several visual programming environments such
as Scratch, Alice, Snap!, and Blockly fit these requirements to a certain
degree (Weintrop and Wilensky, 2015). These platforms target a younger

audience by introducing animations and graphics: By turning variables and
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commands into concrete objects users can see and manipulate, it allows
users to connect certain code blocks to specific manipulations. Concrete
objects can also help users understand the concepts of programming easier,
thus support computational thinking and enable that they learn the basics
instead of memorizing text-based code (Kalelioglu and Giilbahar, 2014;
Lye and Koh, 2014; Han et al., 2015). Although Kelleher et al. (2007)
found little to no differences in student performance for block-based and
text-based programming, visual programming environments can be viewed
as more beneficial and attractive for novice learners by lowering floors, and
becoming more playful, emerging, and meaningful to users (Maloney et al.,
2010; Resnick et al., 2009)

2.3.2 Scratch

Being unsatisfied by existing programming languages, Scratch was created
by the Lifelong Kindergarten group at the MIT Media Laboratory. The
goal of the environment is to nurture a new generation of creative, system-
atic thinkers comfortable with using programming to express their ideas
(Resnick et al., 2009). The environment is available in 50 languages and
counting, and Scratch offers a highly interactive environment where it is
possible to experiment incrementally and iteratively, online and offline. In
2009 and 2010, the creators of Scratch reported that more than 1,500 new
projects were uploaded to the site every day, meaning more than one new
project every minute (Resnick et al., 2009; Maloney et al., 2010). In ad-
dition to this, Scratch had 90,000 active monthly users as of July 2014, up
from 20,000 only two years prior to that, making Scratch by far the most

extensive online programming community for youth (Fields et al., 2014).

Scripts in Scratch projects are programs built up by drag and drop code
blocks. The code blocks represent program concepts such as expressions,

conditions, statements, and variables (Meerbaum-Salant et al., 2010; Ar-
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moni et al., 2015). A green flag in the editor can be clicked to execute
scripts. How the offline editor looks like can be seen in Figure 2.1. The
editor consists of four distinct areas, and on the very left of the editor is
the current stage, which is the last clicked background. In the area below,
Scratch users can click on existing stages and sprites, which are figures in
Scratch. Very right in the image is the area for scripts. Code blocks from the
palette are dragged and dropped into this area. The clicked code category
in the palette is motion, which naturally contains the code blocks related
to motion. In Figure 2.2a and Figure 2.2b, the code blocks for events and
sensing categories are presented. The environment gives immediate visual
feedback through the behaviors of sprites when scripts are executed. All

sprites and stages can have scripts.
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Figure 2.1: An example of how the graphical user interface of offline
Scratch can look like
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Figure 2.2: Two examples on code block categories of Scratch

According to the creators, Scratch offers three core principles different
from other programming environments: It is more tinkerable, more mean-
ingful, and more social. It supports diversity and personalization, and make
children more eager to learn concepts related to their projects. Additional

to this, Scratch offers a large community whereas people can support,
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collaborate, remix, and critique others’ works. With the tool, users can
continue to experiment with new forms of self-expression, and produce a
diverse range of projects while deepening their understanding of a core set
of computational ideas. With its wide walls, people with different interests

and learning styles can benefit from the environment (Resnick et al., 2009).

2.4 Academic engagement

Academic engagement is a concept that has gained much traction as a possi-
ble measure for increasing academic motivation and achievement (Fredricks
et al., 2004). Academic engagement is related to how students are psycho-
logically invested in or use effort towards learning, understanding, or mas-
tering knowledge, skills, and crafts that academic work is intended to pro-
mote. Research has found that students will be more engaged when the aca-
demic learning is valued and meaningful to them (Turner et al., 2014). As
previously mentioned, academic engagement will be the focus of this study.
Opportunities for academic engagement are found in the adaption of needs
between a teacher and student, and when students think and make decisions.
Researchers have described academic engagement as a multi-construct of
the following features or engagement types: Behavioral engagement, emo-
tional engagement, cognitive engagement, and finally agentic engagement
(Fredricks et al., 2004; Reeve and Tseng, 2011; Fredricks and McColskey,
2012; Reeve, 2013). The engagement types will be explained further in the

next subsections.

The following needs have also been found to be motivational for students’
academic engagement: Autonomy, competence, relatedness, and meaning-
fulness. Autonomy includes to be self-initiating and self-regulating of one’s
actions, and to behave according to personal interests and values (Deci

et al., 1991; Turner et al., 2014). It is related to student outcomes, greater
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interests in lessons, and reports of enjoyment in academic work. Auton-
omy increases when students are given enough time, reflection, feedback,
exploration, and acknowledgments of their perspectives. In a field study,
Deci et al. (1981) found that students who are more exposed to controlling-
promoting techniques rather than autonomy-promoting ones from their teach-
ers, are more likely to be disinterested in schoolwork, have preferences for
easy rather than challenging tasks, as well as a desire to please the teacher
rather than working on their interests and curiosity. Competence is an im-
portant requirement for meeting one’s goals and involves understanding
how to attain various external and internal outcomes, as well as being ef-
fective in performing the requisite actions (Deci et al., 1991). The per-
ceptions of competence are proven to contribute to students’ achievements
(Boggiano et al., 1992). Self-efficacy is a theory in competence motiva-
tion theory and defined as the belief that one can successfully organize
and perform a particular task. It evolves when students find a correla-
tion between positive outcomes and their efforts. The primary arena for
the development of competence is school, and by providing students with
appropriately challenging tasks, scaffolding, and informational feedback,
competence can increase. Relatedness is also known as belongingness and
is the need to establish close, secure and satisfying relationships with oth-
ers (Deci et al., 1991). The relations between teachers and other students
make unique contributions to emotional engagement, thus able to lead to in-
creased motivation. Wentzel and Watkins (2002) argued that the processes
between peers can promote positive academic outcomes at school, and that
task engagement increases through positive feedback and encouragement
in collaborative learning contexts. Approaches to increase belongingness
are for instance to model and encourage mutual respect and productive col-
laborations. Whenever students are working productively in cooperative
groups, they are more likely to participate, to develop positive attitudes to-

wards others and the content, and to exert more effort.
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Meaningfulness involves developing interests in or appreciation for the as-
sociated content, and experiencing its authentic application (Turner et al.,
2014). Students’ perceptions of meaningfulness are related to their interests
and values (Grover et al., 2014b), and by helping students to understand
the relationship between the relevance of school tasks and their personal
goals, teachers can foster engagement. Meaningful learning can be char-
acterized by building on students’ prior knowledge, providing arenas for
complex thinking, and possibilities to participate in extended conversations

that build shared understanding.

2.4.1 Behavioral engagement

Behavioral engagement includes participation, involvement, effort, and at-
tention, and it can range from merely doing academic work, or participat-
ing in higher order student councils (Fredricks et al., 2004). Student be-
havioral engagement is a vital condition which supports academic achieve-
ment, and many studies reveal that behavioral disengagement is a risk factor
for concurrent and later low academic achievements (Gregory et al., 2014).
Wentzel and Watkins (2002) argued that learning is linked to the social
contexts where children learn, and that peer tutoring improves children’s
self-esteem and attitudes towards school. Improvements of self-esteem and
attitudes towards school are especially noticeable in situations where less
competent students are provided with opportunities of active participation,
and elaborate explanations and encouragements from a more experienced
partner. The challenging part for a more advanced partner would be to
provide positive feedback to motivate the less advanced partner, to bridge
the gap between current skill and desired skill. However, Juvonen et al.
(2012) found that students’ levels of engagement influence their peers’ aca-
demic performance and involvement, and that the interactions and support

students receive from their peers are essential, particularly in challenging
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situations. Wentzel and Watkins (2002) reported that students tend to turn
to others for information and ways to cope with uncertainty and ambiguity,
while Riga and Chronopoulou (2014) described that activities with effec-
tive group dynamics, communication, and emotional interactions can result

in enjoyment, confidence, and free expression.

In contrast, Furrer and Skinner (2003) stated that children who feel discon-
nected from their key peers find it difficult to become involved in academic
work, and are easily bored and frustrated. While feelings of relatedness
to partners can awake enthusiasm and increase willingness to participate,
children who show low relatedness are found to have lower enthusiasm and
decrements of motivation over time. Specifically larger groups for collab-
oration have been pointed out to affect student motivation and behavioral
engagement in learning negatively (Wentzel and Watkins, 2002; Downer
et al., 2007).

The relationship between a teacher and a student are also found to affect
student behavioral engagement (Skinner and Belmont, 1993; Furrer and
Skinner, 2003; Reeve, 2012; Pianta et al., 2012; Gregory et al., 2014). Ac-
cording to Furrer and Skinner (2003), students who feel appreciated by
their teachers are more likely to report positive feelings towards the aca-
demic work. On the other side, teachers tend to respond more positively
to children who report high behavioral engagement, while they respond to
passive children with more neglect, coercion, and inconsistency (Skinner
and Belmont, 1993). Researchers have also found that teachers who also
improve their feedback interactions with students, get more skilled at ac-
tively facilitating student involvement, and provide students opportunities
to use higher level thinking skills result in a positive increase of students’
behavioral engagement (Pianta et al., 2012). In other words, an adequate
level of complexity for challenges and exciting tasks are considered positive
teacher-student interactions, and can consequently increase the behavioral

engagement (Gregory et al., 2014).
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2.4.2 Emotional engagement

Emotional engagement includes reactions, expressions of interest, and pos-
itive effects towards academic work, and can range from only liking some-
thing to valuing it strongly (Fredricks et al., 2004). It plays a vital role
in promoting students’ performance and well-being, and research suggests
that emotionally disengaged students often begin to disengage behaviorally
and cognitively as well (Park et al., 2012). Caraway et al. (2003) found
that teens who feel confident about their competences are more engaged in

various aspects of school and thus more self-efficient with their tasks.

Another influence on students’ emotional engagement is how they relate to
tasks and persons around them. Students’ inner motivational resources have
been discovered to decide their level of academic engagement (Pianta et al.,
2012). Park et al. (2012) have found that students are more engaged when
they perceive that the context is supportive of their psychological needs
for autonomy, competence, and relatedness. The perceived opportunities
for relatedness are further found to be more associated with engagement
for higher achieving students than for lower achieving students, and sup-
ports that a high relatedness can minimize feelings of boredom, pressure,
and frustrations (Furrer and Skinner, 2003). This suggests that students
who are at risk for emotional disengagement and underachievement are
sensitive and responsive to opportunities that fulfill their needs to be au-
tonomous, emotionally connected, and competent learners. In addition to
this, researchers have stated that education should match the needs of the
society, which includes generation of innovative ideas and unblocking of
creativity (Riga and Chronopoulou, 2014). Activities which allow students
to explore and be playful are also found to increase students’ willingness
for exposure to unfamiliar situations. Students should therefore be pro-
vided enough space and time for creative ideas to avoid discouragement of

self-expression and decision-making.

27



Chapter 2. Background

2.4.3 Cognitive engagement

Cognitive engagement includes the investment, strategy use, and willing-
ness towards academic work, and it can range from memorizing something
to facilitating own strategies for further insight (Fredricks et al., 2004). Stu-
dents who make academic work personally meaningful are found to be cog-
nitively engaged (Appleton et al., 2008). On the other side, teachers who
make connections between academic activities and students’ values obvi-
ous, can make distressed and demotivated teens more engaged by increas-
ing their value of learning and meeting their personal goals (Caraway et al.,
2003). Learning environments which are designed to enhance students’
self-efficacy and task value have also been found to make teens more en-
gaged in using cognitive and metacognitive strategies (Bircan and Sungur,
2016).

Researchers imply that students are more self-efficacious and invested when
activities are perceived as useful, entertaining and important to them (Bir-
can and Sungur, 2016). Bandura and Cervone (1986) found that students’
perceptions of self-efficacy influence the level of challenging tasks they
choose, how much effort they are willing to expend, and how long time they
are willing to use in order to solve them. In addition to this, research has
found that students who set goals for their academic activities have a higher
willingness towards achieving their goals, and are more likely of feeling
less distressed in challenging situations (Bandura and Cervone, 1986; Car-
away et al., 2003). Many students also feel a temporary satisfaction and an
increased motivation by setting new future goals when they fulfill difficult
tasks. However, Caraway et al. (2003) reported that students are found to
be most motivated and involved when their standard of challenging tasks

and self-belief of capabilities match.
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2.4.4 Agentic engagement

Agentic engagement includes making contributions to instruction and learn-
ing activities, and it can range from asking questions to expressing own
wants and needs (Reeve and Tseng, 2011). According to Reeve (2013),
agentic engagement is a way for students to achieve greater achievement
and motivational support. It is a proposed addition to the most common
multidimensional construct of academic progress, which consists of behav-
iors, cognitive, and emotional features. Reeve (2013) also believes that
student contributions can make the learning experience more personally
valued by students, as they can contribute to the flow of instruction they re-
ceive and consequently enhance their learning. These student contributions
include offering inputs, expressing preferences, communicating thoughts
and needs, and recommending a goal or objective that they can pursue
(Reeve and Tseng, 2011). Agentic engagement is also viewed to benefit
self-efficacy, personal goals and values, individual interests, and a mastery

goal orientation.

Reeve (2013) reported that autonomy-supportive teachers can further re-
sult in agentically engaging students. These students expect that teachers
create motivationally enriching classroom conditions for them, such as op-
portunities to stimulate autonomy, competence, and relatedness in social
interactions. Teachers’ autonomy support can also benefit students in en-
hancing their motivation, learning, and well-being. The effect works both
ways, as agentic engagement can contribute to changes in teachers’ ways
of motivating from something that exists within teachers, to something that

appears during teacher-student interactions.
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2.5 Teens’ engagement in

computational thinking activities

While studies have had in goal to address challenging computational think-
ing concepts (Maloney et al., 2008; Denner et al., 2012; Franklin et al.,
2013; Werner et al., 2014; Fields et al., 2016), other studies have looked
into how youth can be more engaged in the field of Computer Science, and
thus computational thinking. Maloney et al. (2008) found that activities
with similarities to subjects that support kids in being creative and expres-
sive such as arts, science, and computer class can make youth engage more
in learning and creating their own artifacts. In a study by Giannakos et al.
(2013), the authors investigated whether involvement with creative artifacts
with Scratch, Arduinos and recycled materials at a ReMida center in Nor-
way could increase students’ engagement in Computer Science (Giannakos
et al., 2013). The findings from the study reveal that students enjoy the
creative parts of the workshops, and that many of them change their per-
spectives on Computer Science. In another study, Giannakos and Jaccheri
(2013) have found that creating stories is attractive for students, and that
students’ control over their actions influence how they perceive the useful-
ness of the activities. Other studies such as Kelleher et al. (2007) and Burke
and Kafai (2012) have reported that a storytelling approach can introduce
youth to Computer Science concepts, in addition to attract and motivate
children to learn more about the discipline. Overall, research has discov-
ered that exciting and enjoyable tasks in programming contexts will lead to
more interactive teens, and ultimately result in increased interest for Com-
puter Science (Lykke et al., 2015).

Basawapatna et al. (2010) believe that game design and creation is an excel-
lent way to introduce students to programming and computational thinking,

and that it can enable learning among both experienced and inexperienced
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students, in addition to motivate, engage, and educate students about Com-
puter Science (Repenning et al., 2010; Werner et al., 2014). According to
Basawapatna et al. (2010), creating and designing games are proven to be
beneficial for peer-to-peer interaction in middle school environments, and
adopting the creation of games increases class engagement and interests
simultaneously for middle schoolers. Basawapatna et al. (2010) also dis-
covered that computational thinking gains are more significant when par-
ticipants create projects regarding some topic from their majors, as they can
simulate informative real-life situations meaningful to themselves (Repen-
ning et al., 2010). Cakir et al. (2017) found that female students can mean-
ingfully engage with game-design tasks when they use programming re-
sources in creative ways. Adams and Webster (2012) reported that project-
based learning can force learners to move from the first level of knowing
something, through the second level of comprehension, and lastly the third
level where the students are able to apply the knowledge to new situations,

hence showing a deeper level of understanding and increased engagement.

Collaborative learning is found to lower attrition and improve performance
and critical thinking for Computer Science learners. In a game-based learn-
ing activity, research showed that students with less gaming experience
seem to be at a disadvantage without collaboration (Buffum et al., 2016).
When novice learns have experienced partners, they can learn from their
partners’ experiences. On the other side, having partners with more expe-
rience can also lead to decrements of participation for novice learners if
their partners become dominant. Researchers have also disclosed that feed-
back can make teens open to new ideas and viewpoints in computational
thinking activities (An, 2016). Teens appreciate the comments they receive
and fix their programming projects based on the feedback. This way they
become more active learners, which seems to affect their engagement. In
contrast, students who receive critique from their peers are more prone to

being disengaged.
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Lykke et al. (2015) stated that teens with joyful and lively interactions with
their teachers participate more in activities by asking questions and com-
menting. The findings revealed that a guiding role for teachers is essential
and that teens consequently show more attention, involvement, and interest
in the activities. Research has also found that proper teacher education in
large extent and in-depth is one of the most vital factors for the success of
Computer Science education (Hubwieser et al., 2015). Additionally, it has

been reported to be one of the hardest goals to achieve for educators.

A study by Grover et al. (2014b) revealed that misperceptions of what com-
puter scientists do affect students’ interest for Computer Science, and after
attending a mini-course in Computer Science, youth express more positive
adjectives about the field, increased insight of the uses of it, and in general
more positive attitudes towards learning more. Exposure to activities that
show that there is more to the Computer Science discipline than building,
fixing, and studying computers can therefore be helpful for teens’ engage-

ment.

2.6 Overview of contributions from

related theories

Tables 2.1, 2.2, 2.3, and 2.4 summarize the most relevant research and theo-
ries from the conducted literature review. Although many studies have been
mentioned, only some are relevant for the rest of this study. These studies

are referred to in Chapter 5.

32



2.6 Overview of contributions from
related theories

gramming

Study Concept Contributions to this study
Mannila et al. Constructionist Four principles of constructionism, vi-
(2014) learning theory, sual programming useful for learning
visual programming  computational thinking
Papert (1980) Constructionist Projections of inner feelings and ideas
learning theory, com- are vital, tools are used in the learn-
putational thinking, ing process to support exploration of
visual programming  meaningful things, programming to
support cognitive thinking
Grover and Pea Computational think- Computational thinking can develop
(2013) ing unique thinking skills, enhance mathe-
matical, engineering, and design think-
ing, basic knowledge in computational
thinking is as relevant and critical as
basic knowledge in science and math
Riga and Computational think- Only creative environments can make
Chronopoulou ing and creativity creative thinking flourish, improvisa-
(2014) tion, testing, problem-solving, and al-
ternative uses influence children’s cre-
ativity and behavior, effective group
dynamics result in confidence and en-
joyment
Resnick et al. Computational think- Computing is used for design and self-
(2009) ing, creativity, pro- expression, programming is a tool to

support the cognitive tasks in compu-

tational thinking, Scratch

Table 2.1: Overview of similar research and their contributions to this study
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Study

Concept

Contributions to this study

Resnick and Silver-

Computational think-

man (2005) ing, programming
Kafai and Burke Computational
(2013) participation
Fields et al. (2014)  Computational
participation

Weintrop and Visual programming
Wilensky (2015)

Kelleher et al. Visual programming
(2007)

Grover et al. Academic engage-
(2014b) ment

Fredricks et al. Academic engage-
(2004) ment

Programming can extend what children

are capable of creating

Reasons for learning programming are
changing, there is a need for making
computational thinking and program-

ming social acts

There is a need for investigating quality

of engagement to broaden participation

A list of popular visual programming
environments that fulfills requirements
for programming languages for chil-

dren

No differences in performance with
textual-based and visual programming,
visual programming to learn com-
putational thinking concepts, self-

exploration

Disinterest is influenced by mispercep-

tions

Academic engagement to increase mo-
tivation and achievement, definitions
for behavioral, emotional, and cogni-

tive engagement

Table 2.2: Overview of similar research and their contributions to this study
(continued)
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Study Concept Contributions to this study
Turner et al. (2014) Academic  engage- Students are engaged when academic
ment learning is valued and meaningful, mo-
tivational factors
Reeve and Tseng Academic en- Definition of engagement types, per-
(2011) gagement, agentic sonalization of learning experiences to
engagement make academic achievements become
more personal
Reeve (2013) Academic en- Definition of academic engagement,
gagement, agentic teacher-student interactions are essen-
engagement tial, teachers should provide students
motivational conditions
Deci et al. (1981) Autonomy Autonomy as a motivational factor
Boggiano et al. Competence Student perceptions of own compe-
(1992) tence affect their achievements
Wentzel and Academic engage- Collaborations in activities affect aca-
Watkins (2002) ment demic engagement
Gregory et al. Academic engage- Behavioral disengagement is a risk,
(2014) ment, behavioral teachers affect behavioral engagement,
engagement feedback from teachers is essential
Juvonen et al. Academic engage- Collaborations are important for en-
(2012) ment gagement, performance, and involve-

ment

Table 2.3: Overview of similar research and their contributions to this study
(continued)
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Study Concept Contributions to this study
Furrer and Skinner Academic engage- Interactions with peers and teachers af-
(2003) ment fect academic engagement
Skinner and Bel- Academic engage- Interactions between teacher and stu-
mont (1993) ment dent affect academic engagement
Pianta et al. (2012) Academic engage- Teachers can influence students’ aca-
ment demic engagement
Park et al. (2012) Academic engage- Emotionally disengaged students often
ment, emotional begin to disengage behaviorally and
engagement cognitively, emotional engagement is
increased when psychological needs
are met
Caraway et al. Academic engage- Competence confidence increases
(2003) ment, emotional emotional engagement, higher willing-
engagement ness to achieve goals when they are set,
balances between challenging tasks
and perceived competence, fear of
failure can lead to worse performances
Bandura and Cer- Academic engage- Useful, entertaining, and important
vone (1986) ment, cognitive tasks increase cognitive engagement,
engagement students are less likely to feel dis-

tressed in challenging situations when
they set goals, competences influence

academic engagement

Table 2.4: Overview of similar research and their contributions to this study
(continued)

36



2.7 Overview of contributions from
related studies

2.7 Overview of contributions from

related studies

The following tables 2.5, 2.6, and 2.7 summarize related studies from the
conducted literature review. These tables include the context, research
goals, and findings that are relevant to this study. Additionally, Table 2.8
has an overview of how several studies have addressed challenging compu-

tational concepts for youth. These studies are relevant for Chapter 5.
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Study Context Research goal Contributions to this
study
Giannakos et al. Out of Explore the rela- Positive outcomes of pro-
(2013) school tionship between gramming with creativity,
workshop engagement and learning is a social process
creativity
Giannakos and Out of Provide vali- Creativity facilitates learn-
Jaccheri (2013)  school dated knowledge ingandengagement, collab-
program between collabo- oration improves the value
ration and control of activities, children’s con-
throughout cre- trol over their actions influ-
ative programming ences willingness and use-
activities fulness of activities
Kelleher et al. After Detect motivating Self-expression and self-
(2007) school reasons to learn exploration are found mo-
program programming tivating, benefits of visual
programming, survey can
be used to collect partici-
pants’ experiences
Burke and Kafai In school Explore the use of Collaboration and personal
(2012) basic programming expression are found to be

concepts in a writ-
ing workshop con-

text

successful for educational
projects, use of storyboards
to help participants design
their games, storytelling is

interesting to teens

Table 2.5: Overview of similar studies and their contributions to this study
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related studies

Study Context Research goal Contributions to this
study
Lykke et al. University  Compare the differ- Interesting and enjoyable
(2015) ences of motivation tasks increase motivation,
with three learning the interactions between
designs teacher and student are
important, students who
feel incompetent fear for
failure
Basawapatna In school Investigate the use Games enable the emerging
et al. (2010) of game creation in  benefit of peer-to-peer in-
Computer Science teraction and peer learning
education in middle school, game cre-
ation increases engagement,
personal values paired with
games
Repenning et al.  In school Game design to Game design to introduce
(2010) motivate, en- Computer Science to teens,
gage, and educate stimulation of real-life situ-
students about ations is engaging
Computer Science
An (2016) In school Investigate ~ how Creation of games increases
students design class engagement, feedback
educational com- from peers for new ideas

puter games and its

impact on learning

and viewpoints

Table 2.6: Overview of similar studies and their contributions to this study

(continued)
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Study Context Research goal Contributions to this
study
Cakir et al. Out of Explore the impact Creative uses of resources
(2017) school game-design work- are meaningfully engaging,
workshop shop have on girls’ game creation as a fun com-

attitudes  towards putational thinking activity
computing

Adams and Outreach Identify  compu- Different learning and moti-

Webster (2012)  program tational  thinking vational outcomes with dif-
differences in ferent genres of program-
learning in pro- ming projects, deeper levels
gramming projects  of understanding can be en-

gaging

Buffum et al. Inschool Investigate the Collaborations improve per-

(2016) nature of collab- formance and critical think-
oration in game- ing, novices learn from
based learning experienced partners with
environment game design

Hubwieseretal. N/A Extract useful in- Teacher education influ-

(2015) formation of Com- ences Computer Science
puter Science edu- education
cation

Grover et al. Inschool Address mis- "Correct" perceptions make

(2014b) perceptions of students more interested

Computer Science

among students

and aware of the possibili-

ties within the discipline

Table 2.7: Overview of similar studies and their contributions to this study

(continued)
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related studies

Study Context Research goal Contributions to this
study
Fields et al. Scratch Awareness of Way to measure demon-
(2016) summer novices’ pathways strated computational
camp of learning thinking skills
Werner et al. Game pro- Measure students’ How computational think-
(2014) gramming  understanding of ing looks like in mid-
class computational dle school, game-like ap-
thinking concepts proaches are engaging
Denner et al. After- Identify how chil- Usefulness of pairs, pro-
(2012) school dren can be en- gramming promotes think-
program gaged in computa- ing and problem solving,
tional thinking novice users avoid creating
complex functionality
Franklin et al. Scratch Assessment of The frequencies and types
(2013) summer learning of help during program-
camp ming projects to reflect
demonstrated competence,
Hairball to analyze Scratch
projects
Maloney et al. After Motivations and Creative and personal ex-
(2008) school implications of pression with visual pro-
center after school pro- gramming

gramming

Table 2.8: Overview of studies that address challenging computational thinking

concepts for youth
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Chapter

Methodology

The last chapter looked at theories and findings from related studies. Chap-
ter 3 will provide elements of the methodology used to explore the objective
of this study. Two workshops based on constructionism called Kodelgypa
and Tappetina were conducted to answer the research inquiry. This chapter
proceeds as follows: Section 3.1 describes the research approach chosen
for this study, which is a mixed methods approach. Section 3.2 explains the
author’s position and preconceptions, while Section 3.3 clarifies the set-
tings for where data was collected. Section 3.4 gives an overview of this
study’s sample, and Section 3.5 explains the data collection procedures of
this study. Since there were only a few differences in analyzing the data,
Section 3.6 describes how data was analyzed for both workshops if the
opposite is not stated. Finally, the steps taken to ensure the validity and re-
liability of this study are presented. Lastly, an ethical statement is clarified.
The procedures in this study were conducted in collaboration with a Ph.D.
student and by the author herself. The former will be referred to as "we",

while the latter as "I".
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3.1 Research approach

According to Johnson et al. (2007), qualitative research is usually inductive,
discovering, and exploratory, and in this theory and hypothesis generating
approach, the researcher is the main "apparatus" for the data collection. On
the other side, quantitative research tends to focus on deduction, confirma-
tion, testing of theories and hypotheses, prediction, standardized data col-
lection, and statistical analyses. Both qualitative and quantitative research

have been found to be suitable for this study.

The objective of this study is to explore factors that influence the academic
engagement teens have in computational thinking activities with program-
ming. While a qualitative method such as interview has the opportunity to
catch insight into teens’ beliefs, experiences, and emotions for such cod-
ing activities, a quantitative method such as questionnaire has the ability
to provide statistics with scoring systems such as Likert (Allen and Sea-
man, 2007). To use different techniques, methods, and approaches popular
for either qualitative or quantitative research, this research study followed
a mixed methods research approach. This way, I have been able to draw
strengths and minimize the weaknesses known for either of the research
methods to answer the research question (Johnson et al., 2007; Creswell,
2014). Mixed research can provide stronger evidence for a conclusion
through convergence and corroboration of findings, and adds insight and
understanding into situations where that might be missed when only a sin-
gle method is used. While this approach is more time consuming, expen-
sive, and hard for a single researcher to conduct alone, an effective com-
bination of the two methods provides more complete knowledge to inform

theory and practice (Johnson et al., 2007).

According to Hanson et al. (2005), designing a mixed methods study in-

volves a number of steps, many which are similar to those taken in tradi-
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tional research methods. The first step is to decide a theoretical lens that
refers to a philosophical basis, or a paradigm for the study and the method-
ological choices. The educational strategy of computer game programming
with children and much research on how and what children learn when
they work on computers are based on the constructionist paradigm (Den-
ner et al., 2012). This study therefore supports the constructionism learn-
ing paradigm and acknowledges that when people are actively engaged in
making meaningful products through designing, exploring, discussing, and
reflecting for and with other people, learning is facilitated. This study has
thus provided students with greater opportunities to construct own artifacts
and allowed the participants to construct new relationships with knowledge
in the process, rather than embedding "lessons" directly in the learning pro-
cess (Kafai, 2006). The second step in mixed methods design is to decide
how data collection will be implemented and prioritized. Both workshops’
data collection was weighted equally, but the order of the research instru-
ments was adapted to fit the nature of breaks and program in each work-
shop. The reasoning for why the data collection was weighted equally was
merely based on the uncertainty of data we would collect during the work-
shops, and how important the different kinds would be to the research in-
quiry. The third step in designing a mixed methods study is to decide at
what point data analysis and integration will occur. For this study, qualita-
tive and quantitative data were first analyzed separately for each workshop.
This was done because we wanted to avoid that the results of the qualitative
data collection got affected by the quantitative data, and vice versa when
analyzing. Secondly, all the results from Kodelgypa were compared to de-
tect relations between them. This step was also done for the results from
Tappetina. After this, the results from both workshops were examined to-

gether to draw comparisons and contrasts between them.
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3.2 My position and preconceptions

As mentioned earlier, I have always been interested in assisting kids in im-
proving themselves, regardless if they needed help on the basketball court
or with mathematics. Four summers in a row, I was paired with different
teachers with the aim of teaching math to first and second graders. My per-
sonal experiences with teaching have given me some knowledge on how to
approach learning with younger students. In addition to this, I also consider
myself interested in learning technology and Computer Science. However,
since my main goal of this study has been to research, I have purposely
avoided interactions with the participants more than described in this chap-
ter. I have only met the participants during their short stay at either work-

shops, and I did not assist them in any way.

3.3 Data collection

3.3.1 Kodelgypa outline

In six different workshops offered by The Norwegian University of Science
and Technology (NTNU) each year, primary and secondary school students
are introduced to various science disciples from Physics, Chemistry, Math-
ematics, Biology, Energy, and Computer Science, with the goal of boosting
the kids’ interest for science (Papavlasopoulou et al., 2015). The workshop
for Computer Science, Kodelgypa, is built on the ideas that interactions
between young students and artifacts in creative activities are vital, in ad-
dition to learning by making (Papavlasopoulou et al., 2017). Kodelgypa is
an out of school activity conducted informally, and the students attend the
workshop for five hours in total with their respective school classes. The

workshop is designed such that students without programming experience
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can participate, and at each workshop, two to three student assistants are
available to assist the students. Programming concepts are not introduced
to the students before they start programming, but rather introduced by as-

sistants when and if needed.

Before the workshop, teachers are sent consent letters so that students can
collect signatures from their parents. This letter contains information about
the study and a notice that data will be collected during the workshop. If a
parent signs this letter, they confirm that researchers can collect data regard-
ing their child. In this letter, we inform the parents that participation in the
study is voluntary, that all results will be confidential, and withdrawal from
the participation will not affect their kids’ grades in school. The consent

letter is found in Appendix A.

In the first part of the Kodelgypa workshop, participants interact with dig-
ital robots in small teams. By using the extension Scratch 4 Arduino, the
teams can control the robots using code blocks in Scratch. Each team is
placed next to a computer connected to a robot with physical and aestheti-
cal characteristics, and the student assistants provide them a paper tutorial
and worksheet each to answer questions regarding the robots. The paper tu-
torial contains examples which describe how participants can interact with
the robots. A snippet from the paper tutorial can be found below in Fig-
ure 3.1, while the belonging robot can be seen in Figure 3.2. In this robot
part of the workshop, the participants are supposed to create several loops
to make the robots move, make the lights on the robots turn on and off,
and make the robots react to different factors, for instance turning a light
on when a sensor detects that it is below a certain threshold. The first part
usually lasts around 45 to 90 minutes before the students have a break for

about 15 minutes.
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digital 10 | on
(wait [1 P

digital 10 |off

Figure 3.1: An illustration of a robot from the Kodelgypa paper tutorial

Figure 3.2: An example robot from the Kodelgypa workshop
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In the second part of the workshop, the same teams are supposed to create
their own game in Scratch. If the student assistants think that the game is
achievable in terms of time and complexity, the teams are free to create any
game they want. The students are given a new paper tutorial with examples
on what they can add into their game, including how they can make charac-
ters move, react to touching something, jump, and adding points and time
functionality. A programming example from this paper tutorial is avail-
able in Figure 3.3. In the game creation part, the teams are first told to
concentrate on the idea of the game, reach a consensus, and create a draft
storyboard before they start to code. When a student assistant approves a
team’s game idea, the team can start to program their game. Also here, the
student assistants are available to help the teams. The students create and
test their games iteratively during the process of developing their games,
and in the end, the teens can play games made by their classmates. The
second part of the workshop usually lasts for three hours, excluding a long
lunch break. A script that was created during Kodelgypa can be found in

Figure 3.4.

change time | by
- -

Figure 3.3: An example of a Scratch script in the paper tutorial
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Figure 3.4: An example of a game created during the Kodelgypa workshop

3.3.2 Tappetina outline

In a two-day workshop at a library in Trondheim, Norway, girls between
the age of 12 and 15 were invited to code and be creative during Fall break.
The workshop was in collaboration with the library, and employees from
NTNU who were involved in Kodelgypa. Also prior to this workshop, con-
sent forms were sent out to the participants’ parents. The workshop was
conducted for approximately 9.5 hours including lunch, and the focus of
this workshop was to introduce girls to the field of Computer Science, with
a character called Tappetina from the book Little Doormaid. Tappetina is a
rather ordinary woman with children and everyday problems, but she is

also Doory Mentor, a superhero who helps people to succeed with their
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technology projects (Jaccheri, 2017). Tappetina spends time being self-
conscious, while the superhero part of her is strong and clear-headed, as
well as ambitious and visionary. Jaccheri (2017) plays with language to
create a playful and visual experience of people and events, with charac-
ters who do powerful things. The story appeals especially to girls who
are known to be a minority in the field of Computer Science compared to
boys (Kelleher et al., 2007; Repenning et al., 2010; Grover and Pea, 2013;
Giannakos et al., 2013; Papavlasopoulou, 2016; Thanapornsangsuth and
Holbert, 2017). The girls would during their stay create a storyboard on
cardboards, and a game related to Tappetina saving the world from an en-
vironmental issue. In this workshop, two student assistants were available

for assistance if needed.

The first day consisted of the girls getting familiarized with Scratch and
the basics of it. The girls could bring own laptops from home, but they
were also able to use available laptops provided by NTNU or the library.
In the beginning, the girls did exercises in Scratch individually, and around
midday, Jaccheri and a student at NTNU presented the story of Tappetina
to the participants. After lunch, the student assistants divided the girls into
three teams and presented the concepts of storyboards, and why creating
one was important. The student assistants also demonstrated an example
game in Scratch to show the girls what could be done and started a discus-
sion about environmental issues. After this, the girls were told to create a
storyboard for the game they wanted to create. One of the creative aspects
of the Tappetina workshop was to create the storyboard in teams: The girls
could choose between various materials for instance scissors, pens, pencils,
colors, and cardboards to design them. Figure 3.5 shows how the girls were

working on their cardboards.
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L

Figure 3.5: Tappetina participants working on their storyboard

On the second day, the teams continued to work on their storyboards. After
this, each team presented their product and game concepts in front of fellow
participants and student assistants. The remaining time of the workshop
was used to create the games in Scratch, and at the end of the day, the girls

held a presentation about their games and played the other teams’ games.
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3.4 Sampling

3.4.1 Kodelgypa sampling

From September to November 2017, Kodelgypa was conducted on Fridays
for seven weeks in total. Six classes from Trondheim and around the area
signed up to be participants in the workshop, and three of these classes were
technology classes that the students chose as electives. Depending on the
number of students that arrived at the workshop, and the number of signed
consent forms, the assistants divided the students into small teams of dyads
or triads. Each team was given a team animal in the form of a sticker to
separate them from the others. We had in total a number of 106 partici-
pants in Kodelgypa, and 69 of these were boys, while 37 were girls. In
Kodelgypa, we had in total 14 teams of dyads and 26 teams of triads. Two
of the visiting schools were small, hence the reason why they sent students
from three different grades. An overview of Kodelgypa demographics can
be seen in Table 3.1 and Table 3.2.

Participation date | Elective | No. of Students | Dyad teams | Triad teams
29.09.2017 Yes 18 3 4
06.10.2017 No 14 1 4
20.10.2017 Yes 19 2 5
27.10.2017 No 21 0 7
03.11.2017 No 21 3 5
10.11.2017 Yes 13 5 1

Table 3.1: Kodelgypa statistics which include participation dates, class
types, number of students, and team divisions

52




3.4 Sampling

Participation date | Girls | Boys | 8th graders | 9th graders | 10th graders
29.09.2017 2 16 0 18 0

06.10.2017 8 6 0 0 14
20.10.2017 7 12 0 16
27.10.2017 7 14 0 0 21
03.11.2017 10 11 0 13 8

10.11.2017 3 10 2 3 8

Table 3.2: Kodelgypa statistics which include participation dates,
gender ratios, and class grades

3.4.2 Tappetina sampling

Eight girls attended the Tappetina workshop in October 2017. Of the par-

ticipating girls, two of the girls already knew each other because they were

sisters, but the others did not know each other beforehand. The ages ranged

from 9 to 14, and the different grades that the girls belonged to can be seen

in Table 3.3. We had in total three teams: Two of these were triads, and the

last one a dyad. Also here, each team was given an animal to distinct one

team from the others.

Grade | No. of participants
Sth 1
7th 2
8th 3
Oth 1
10th 1

Table 3.3: Tappetina statistics which include the class grades of the
participants
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3.5 Data collection procedure

For the sake of collecting data from the workshops, we picked out various
instruments that were suitable to answer the research inquiry. These were
observation, interview, artifact, and lastly questionnaire. Why we chose
these and how we used them will be explained further in the next subsec-
tions. If not stated explicitly, the process of using these instruments for
data collection was used in the same way for both workshops. The reason
why we conducted them the same way was to preserve consistency of the

collected data.

3.5.1 Opbservation

According to Oates (2006), observation is a data generation method to find
out what people actually do, rather than what they report that they do when
questioned. In our case, we decided to implement a systematic observa-
tion approach, meaning that we could collect a volume of data fairly easily.
With observations, we were able to study overt behavior, but at the same
time, this could affect behaviors by the participants if they reacted to be-
ing observed. However, by conducting observations, we collected detailed,
highly descriptive field notes that could be compared with data collected
with other instruments (Mays and Pope, 1995). By picking up behavior
that the participants might be aware or unaware of, we could as researchers
get a more accurate reflection of reality, which is considered more objective
than self-report of behavior (Sandelowski, 2000).

While observing, the aim was to write notes of group dynamics and sig-
nificant incidents such as one team member taking over and keeping the
control of the computer for a longer duration of time, or if team members

participated in the collaborative aspects of creating games.
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Three researchers had the task of observing teams with consent letters, and
if participants asked them any questions, they were told to address the stu-
dent assistants. To secure informative field notes, we decided before the
workshops that the researchers would observe maximum 12 participants

with consent forms at each workshop.

While this study most importantly aims to look at factors that influence the
engagement among teens in computational thinking activities, observations
were also used to catch up signs of computational thinking skills or per-
formance. This information was able to give us further knowledge about
the specific sample. It is however important to declare that we did not get
a clear picture of what participants actually knew and understood without
further testing, but we got an indication of their conducted performance.
During the observations, the researchers tracked the number of times and
types of help the different teams asked for during the game creation phases.
The utilized help levels were presented by Franklin et al. (2013), and guided
the researchers in identifying indications of performance: If a question was
related to a concept taught before, either in the first or second part of the
workshop, the researcher would write this down. For the rest of this thesis,
participants’ performance and competence in computational thinking will
therefore imply the indicated performance. The help levels can be found in
Table 3.4.

While the focus of observation was set during the game creation phase in
Kodelgypa, observations started from when the participants began to create
their storyboards to the games were finished in Tappetina. We did this to
investigate whether the collaborative learning was dependent on the type
of activities the teams were doing. In Kodelgypa, we observed in total 47
students during the six workshops, while we observed eight out of eight

participants in the Tappetina workshop.
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Explanation

Validation: Students want confirmation, not information

Where: Only needed help navigating the Scratch gui

What: Only needed a reminder of the name of the concept

How: Given name of concept, still needed help to complete task

Al WIN|—=|O| H*

Reteach: Had to reteach the entire lesson (concept and execution)

Table 3.4: Table used to indicate the levels of help the teens
received during the workshops

3.5.2 Interview

By adding another data collection instrument such as interview, possible
biases from observations can be confirmed or eliminated. Systematic ob-
servations assume that overt behavior can be broken down into easily ob-
servable and categorizable phenomena, and thus oversimplify a situation
(Oates, 2006). According to Polkinghorne (2005), the purpose of inter-
views is to gain a full and detailed account from an informant who has
experienced the study. To gain insight into the academic engagement as-
pect of the research inquiry, we implemented a semi-structured interview
style, to allow both flow and room for unprepared issues or topics in the
conversation. While this interview style makes it hard to generalize to a
larger group in the society, it allows collection and exploration of personal
accounts and feelings from the interviewees (Oates, 2006). This way, we

could collect different perspectives on the study experience.

Because memories are prone to bias and error, interviews are recommended
to be paired with field notes or to be recorded with either video or audio.
In this case, we used audio recordings to have a complete record of ev-
erything that was said during the interviews. Each interview started with

an introduction to the purpose of the study, as well as relevant information
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such as the possibility of withdrawing from the study without any ques-
tions asked. We made sure that the interviews did not exceed more than ten
minutes, and that we conducted them at appropriate times during the game
creation phase. To avoid interfering more than necessary during the game
creation phase, the researchers had a goal to interview at least one member

per observed team.

Due to the differences in workshop programs, the interview questions for
the workshops were not identical. However, in both workshops, we wanted
to investigate how the participants felt about their game creation experi-
ence, what they found easy or hard, frustrations and impressions, and lastly
opinions on the collaborative learning. Since the Tappetina workshop was
set for two days and had a clear division of planning and execution of
games, we included additional interview questions about their challenges
during the sketching and game creation part. These questions would be
able to catch whether participants could detect differences between plan-
ning a game on paper with storyboards, and creating it with Scratch. The
Tappetina workshop also focused on environmental issues, so we wanted
the girls to answer a question about how they felt about them. The guide-
lines and questions from Kodelgypa can be found in Appendix B, while the

ones from Tappetina can be found in Appendix C.

Since the participants belonged to Norwegian schools, we conducted the in-
terviews in Norwegian, except for one Friday when an international school
visited Kodelgypa. After each workshop, the audio recordings were tran-
scribed into English to fit the language of this thesis. By transcribing, the
contents of the data material became more familiar, and we provided the
interviewees more privacy. In addition to this, written accounts can also
be considered easier to work with (Loras, 2017). To avoid subjective in-
terpretations, there was a focus on only writing down the participants said
when transcribing. At the end of each workshop, each interviewee had a

corresponding document with their transcribed interview.
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A total number of 44 interviews were conducted in Kodelgypa, while we
interviewed seven out of eight participants in the Tappetina workshop. The
reasoning for the latter was the fact that one of the sisters was younger
than the others participants, and felt uncomfortable and doubtful without
her sister. With that in mind, the researchers felt that best option would be

not to interview her although her parents signed her consent form.

3.5.3 Artifact

The studies in Table 2.8 are a few of many studies that have investigated
and analyzed contents of Scratch projects to detect computational thinking
competence. Artifacts have therefore been considered sufficient for assess-
ing computational thinking concepts and practice, but like Franklin et al.
(2013) stated, it is important to acknowledge that we can only get a clue
of what was done, instead of what was actually understood or learned by
the participants without further testing. In this study, the researchers saved
different versions of games as artifacts to provide a better picture of the
sample, and to see the levels of computational thinking the participants

were able to reach in the workshops.

We implemented a summative approach for the game versions, and con-
tents in these artifacts were identified and quantified to investigate the us-
ages of different computational thinking concepts. Versions of the games
were saved throughout the workshops, leaving us with a relatively large
volume of artifacts in total. In other studies, this has been done to make the

assessment even richer (Resnick et al., 2009; Brennan and Resnick, 2012).

In Kodelgypa, we saved in total 139 game versions, while in Tappetina,
we had 13 game versions. After removing duplicate versions and empty
Scratch projects, we had 130 game versions from Kodelgypa, and 12 from

Tappetina, giving us a total of 142 game versions.
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3.5.4 Questionnaire

Questionnaires are easy measures to gather surface information, and can be
used to gather information from a representative sample of a defined pop-
ulation, and to generalize to a wider population (Rattray and Jones, 2007).
They can be used to explore self-reports of knowledge, attitudes, emotions,
cognition, intention, or behavior. To easily and efficiently collect data re-
garding demographics, previous knowledge and experiences with program-
ming, and participant opinions on various statements, questionnaires were

used in this study.

The two workshops had different questionnaires, as the workshop programs
and activities differed. However, both of the questionnaires had an identi-
cal part where participants stated their age, gender, their belonging class
grade, how many activities with programming they had participated in be-
fore the workshop, and former experiences with programming. For the
second questionnaire part, we implemented a Likert scale for each possible
statement, which are ordinal scales to measure agreement and disagreement
(Allen and Seaman, 2007). In this study, seven points were used to reach
the upper limits of the scale’s reliability, where 1 = strongly disagree, and

7 = strongly agree.

In Kodelgypa, we gave the participants questionnaires after the workshop.
We did this to avoid interfering with the activity the participants were in-
volved in. This questionnaire emphasized on participants’ perceived col-
laborative learning during the workshop, and Kodelgypa produced in total
104 questionnaires. In the Tappetina workshop, we handed out question-
naires before the game creation phase. By doing so, we could collect what
the participants felt before the game creation, and possibly see how their
minds changed after creating games by interpreting the interviews. This
questionnaire focused on several aspects, including participant intentions

with attending programming activities and their thoughts about program-

59



Chapter 3. Methodology

ming. For all observed participants, the researchers would write down the
animal and member indication. This way, we could connect data regard-
ing the same participant from different data collection instruments (Oates,
2006).

3.6 Data analysis procedure

3.6.1 Observation

As mentioned earlier, the results of observations were field notes regard-
ing for instance behaviors, assistance provided to the teams, and the group
dynamics. The first thing we did in order to analyze the field notes was
to create a spreadsheet for Kodelgypa and another one for Tappetina. This
way, we could keep the field notes that belonged to one workshop in the
corresponding context. In these spreadsheets, we tracked the frequencies
of the help levels proposed by Franklin et al. (2013) for each team. The
researchers also used field notes that said anything about the performance
level of computational thinking in the analysis. This data provided us more
knowledge about what the teens needed help with in general. In addi-
tion to this, we documented other important statements that supported or
contradicted the research inquiry. When we finished the data analyses of
field notes, we combined the results from Tappetina with the results from
Kodelgypa. By doing these steps, we gained more insight into factors teens
found engaging, and an idea of how the teams felt towards the computa-

tional thinking activities.
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3.6.2 Interview

Interviews produce qualitative data, and qualitative data analysis requires
interpretations by researchers. The technique we chose was thematic analy-
sis, which involves encoding and "explicit codes" (Boyatzis, 1998; Attride-
Stirling, 2001). These codes are meant to capture and represent the re-
viewed data’s primary content and essence, and a code is described by Sal-
dana (2015) as follows:

"(A code is) a word or short phrase which symbolically assigns a sum-
mative, salient, essence-capturing, and/or evocative attribute for a portion

of language-based or visual data."

After transcribing the interviews, the transcriptions were reviewed multiple
times to look for common themes (Creswell et al., 2007). The coding pro-
cess followed the streamlined codes-to-theory model by Saldafia (2015) as
illustrated in Figure 3.6. The process of analyzing interviews was first done
separately for Kodelgypa and Tappetina to keep the codes in the workshop
context they belonged to, and to isolate the results from the workshops be-

fore drawing comparisons and contrasts.
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Figure 3.6: The streamlined codes-to-theory model by
Saldafia (2015) which was used in the coding process

The first cycle of coding was to read transcriptions and generate codes
through descriptive, InVivo, and initial coding iteratively (Saldafia, 2015).
We picked a manual approach, and the codes were written down on indi-
vidual post-it notes. This step was conducted by the author and the Ph.D.
student individually, securing that interpretations were not affected by the
other researcher, and that we felt close familiarity and ownership to the
data. After repeating this step until no more codes could be produced and
we reached a certain satisfaction, the result was a reduction of a large vol-
ume of data. The codes were then discussed between the author and the
Ph.D. student so that we could agree with the proposed codes. The succeed-

ing steps were also conducted with the Ph.D. student for the same reasons,
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as recommended by Attride-Stirling (2001). The next cycle was to cre-
ate categories of codes, which means to cluster together codes according
to similarity and regularity (Saldafia, 2015). All the existing codes were
placed on several large tables and investigated in order to be grouped to-
gether. Categories were then created to fit the clusters, and continuously
examined in case they were not satisfactory enough. Codes placed in cate-
gories were also continuously reviewed and moved into more suitable cate-
gories during this cycle. If codes in a category were many and distinguish-
able, we created subcategories. When we reached a certain satisfaction,
had placed all the codes, and we could not produce or change any cate-
gories, the next step was to create coding themes. This step was somehow
similar to creating categories out of clustering codes and conducted by the
author herself. In this step, I looked for repetitive patterns of actions and
consistencies in the documented data, so categories from both workshops
were used to create themes. Here the categories and subcategories were
reconsidered repeatedly and moved into themes until the placements were
satisfactory. The very last step in analyzing the interviews was to see how
the produced themes could relate to the research inquiry. The themes were
therefore viewed in the light of the concepts and research presented in ear-

lier chapters.

The following table presents the utilized focus points to link coding themes

to individual engagement types presented in Section 2.4.
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Engagement | Focus points

type

Behavioral Participation, involvement, effort, to try hard, to work
hard, attention

Emotional Reactions, expressions of interest, positive effects, en-
joy learning new things, curious, fun

Cognitive Investment, strategy use, reflection, own experiences
and examples, connections

Agentic Making contributions to instruction and learning activ-
ities, ask questions, preferences and opinions

Table 3.5: Overview of the focus points used to link themes to
engagement types

3.6.3 Artifact

For the artifacts, I used a variant of content analysis, which is often used
to analyze text data in health studies (Hsieh and Shannon, 2005). Content
analysis can further be used to count occurrences in text and to interpret
meaning from the content of textual data. Generally, it will provide basic
insights about how words are used, and will often need to be paired with

other methods to explore more in-depth meanings of the data.

Because of the high number of game versions, I had to choose a way to
score them. After investigating how other studies had assessed learning
outcomes (Repenning et al., 2010; Meerbaum-Salant et al., 2010; Bren-
nan and Resnick, 2012; Adams and Webster, 2012; Burke and Kafai, 2012;
Denner et al., 2012; Grover et al., 2014a; Armoni et al., 2015; Moreno-
Leon et al., 2015, 2017), an approach used for assessing computational
thinking in other programming projects was preferable, leaving us with the

framework by Brennan and Resnick (2012), and the two automatic analy-
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sis tools Hairball and Dr.Scratch. Hairball is a Scratch static analysis tool
developed to determine scores of Scratch projects, concerning flaws and
Computer Science concepts (Franklin et al., 2013). The tool is based on
Python scripts and runs from the command-line, thus little user-friendly to
use and present data. Dr.Scratch is a web-based Scratch analysis tool and
is found to be positively correlated to expert evaluations (Moreno-Ledn
et al., 2017). It is intuitive and recommended to support the assessment
of various computational thinking skills (Moreno-Leon et al., 2015). The
volume of game versions made it more beneficial and less time consuming
to choose a tool that was reasonably easy to use, but also provided the au-
thor with sufficient ratings of numerous computational thinking concepts.
Thus, Dr.Scratch was chosen to check if the artifacts were programmed
correctly, if they contained mistakes, and to score the projects. When ana-
lyzing a project in Dr.Scratch, the tool rated the project with points ranging
from O to 21. A low score would consequently assume that the creator was
a novice, and accordingly show basic information about the most critical
improvements to the code. If the score was high, the tool returned more in-
formation about the project in a feedback report about computational skills
and programming habits. How Dr.Scratch points Scratch projects can be

found in Appendix D.

All 130 game versions from Kodelgypa and 12 game versions from Tap-
petina were uploaded manually to Dr.Scratch, and when the tool was able
to analyze a Scratch project, a performance evaluation of the computational
thinking concepts abstraction, problem decomposition, logical thinking,
synchronization, parallelism, algorithmic notions of flow control, user in-
teractivity, and data representation was returned. Each artifact had scores
for each subcategory of performance, which were written down in a spread-
sheet dedicated for artifacts results. When uploading the game versions to
Dr.Scratch, 50 of them failed to be analyzed. What I did then was to look

at the types of errors Dr.Scratch returned. I ultimately had two instances
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of errors, namely KeyError and a Dr.Scratch error saying that the project
could not be analyzed without any further feedback. 31 of the 50 game
versions returned KeyErrors, and while investigating these versions in the
Scratch editor, I found that they had variables on the screen. Two found
examples were for instance counters for time and high score. When hiding
these variables from screen, the artifacts still had the same functionality,
and a majority of the game versions were successfully analyzed when re-
uploaded to Dr.Scratch. This error was not caused by bad code or faulty
logic, it was simply due to Dr.Scratch and the tool’s inability to analyze
Scratch projects with variables on screen. However, game versions that
still failed to analyze after removing variables from the screen, returned
the same Dr.Scratch error that I encountered earlier. After investigating the
remainder of artifacts, I ultimately discovered that the teams forgot to con-
nect event code blocks to motion or control blocks. Some of the teams had
placed the event block "When start flag is clicked" without any connected
code blocks in a sprite or stage, while in other game versions, teams did
not connect their control or motion blocks to any event block. After fix-
ing these problems manually in each remaining Scratch project, the game
versions were uploaded to Dr.Scratch once more, and all of them were fi-
nally successfully analyzed. The explanation for the second error could be
that game versions were saved at fixed times, optimally several times dur-
ing the game creation phase. The researchers might have saved versions
of the games while a team was trying to edit or implement new functional-
ity, meaning that a separation of artifacts that intentionally contained "bad"
code, and those that unintentionally had it was challenging. Nonetheless,
I could look at each team’s last version of game, and see if I could detect
the bad code in this version. If so, this was a valid reason to lower the

respective points given by Dr.Scratch for concepts like parallelism.
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3.6.4 Questionnaire

Before handing out the questionnaires, a spreadsheet for each workshop
was created. For each questionnaire the researchers received, cells with
participation date, gender, age, and the team the participant was a member
of were filled out. Scores for the second part of each questionnaire were
also documented. If a participant answered 2 (disagree) on the Likert score,
the same number would be written down to the corresponding statement in
the spreadsheet. If a participant chose more than one score, the lowest
score was chosen as their answer. When all data was filled out, frequencies
and percentages for each score from 1 to 7 could be calculated. This way,

average scores and unusual answers could be detected.

3.7 Validity and reliability

Validity and reliability are conceptualized as trustworthiness, rigor, and
quality of a research project (Golafshani, 2003). The terms are used to
reflect the multiple ways of establishing truth by eliminating bias, utiliz-
ing triangulation, and increasing the researcher’s truthfulness. Validity in a
piece of research means that the researchers have used an appropriate pro-
cess, the findings do indeed come from the data, and the data answers the
research questions (Oates, 2006). Since this study has a mixed methods
approach, it is therefore essential that the study has a strong qualitative and

quantitative validity (Johnson and Christensen, 2008).

Yin (1981) identifies three different types of validity: Construct validity,
internal validity, and external validity. Although there is not an easy, single
way to determine what construct validity is, we can say for simplicity that
it concerns how well the operational measures performed, and how well

it measures what we intended to measure (Robson and McCartan, 2016;
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Loras, 2017). Internal validity involves ending up with credible results dur-
ing analysis, and can be divided into three subcategories: Content validity,
criterion-related validity, and construct validity (Roberts et al., 2006). Fi-
nally, external validity concerns how the findings are secured and can be
generalized during the research design. Robson and McCartan (2016) pro-
posed description, interpretation, and theory as three threats to the validity
of a research study. In other words, researchers should aim to minimize
the inaccuracy or incompleteness of data, draw conclusions from lessons
learned during the involvement, be able to explain how they concluded to
their interpretation, and lastly understand the studied phenomena, and other
alternative explanations to the conclusions. The next subsections will be

dedicated to inspect the validity and reliability of this study.

3.7.1 Validity of research design and data collection

The research approach for this study was based on established theory on
mixed methods research, as several sources were used to design the ap-
proach to fit the research inquiry. This consequently acted as an audit trail
and secured an external validity of the study through transparency (Robson
and McCartan, 2016).

Because of the short time span of the workshops and few interactions be-
tween respondents and researchers, it was not easy for us to gain trust from
the participants, which optimally could reduce the threat of respondent bias.
To assure participants that they were allowed to speak and answer frankly,
the researchers repeatedly reminded them that they could express anything
they thought of without fearing any consequences. We could not secure

truthfulness and openness of the answers in a larger extent than this.

68



3.7 Validity and reliability

With content validity in mind, statements in the questionnaires and the in-
terviews were inspected and agreed upon by at least two researchers. Peer-
reviews were conducted to ensure that data about relevant concepts would
be collected, and that words were unambiguous, specific, and objective
(Oates, 2006). When conducting the questionnaires and interviews, we
collected raw data, but the credibility of said data was dependent on the
participants. However, the age gaps between the participants and the re-
searchers were not that evident, possibly contributing to a strengthen trust

between the two parties.

For observations, we had a dedicated team of researchers, and each re-
searcher was in charge of observing one to two teams. Even though the
researchers had in mind to stay objective and follow the observation guide-
lines, humans are imperfect, which can result in differences in field notes.
In addition to this, not all situations were caught, due to unexpected situa-
tions such as phone calls and conflicting plans for the researchers. This flaw
could consequently lead to decreased descriptive validity. How a researcher
observes and interprets is also dependent on the researcher’s personal expe-
riences, and might lead to a decrease of interpretive validity. Thus to deal
with bias from participants and researchers, verbatim quotations from the
people in right context, data and methodological triangulation, and reflex-
ivity were used to encounter these common problems to research projects
(Oates, 2006; Robson and McCartan, 2016). The process of triangulation
is considered a prevalent practice to provide corroborating evidence, as we
can rely on multiple forms of evidence instead of one single source of data
(Creswell and Miller, 2000). An example from this study was interviews

and observations, which could lead to an increased criterion-related valid-

ity.
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3.7.2 Validity of analysis

According to Creswell and Miller (2000), procedures for validity include
strategies used by researchers to establish the credibility of their study. The
findings of any study should be found trustworthy and believable in a way
that they reflect participants’, researchers’, and readers’ experiences with
the phenomena, in addition to how well they are transferable to other situ-
ations (Corbin et al., 2014; Loras, 2017). However, it is also important to
note that the explanation my theory provides is only one of many possible

interpretations of the data.

During the analysis, some measures were taken to increase the validity of
analysis such as peer reviews with a Ph.D. student to ensure reflexivity
(Creswell and Miller, 2000). Peer-reviews were conducted to avoid that
personal beliefs, personal experiences, and biases were taken too much into
account when analyzing the data, and to ensure the credibility in the views
of the participants. In research projects, there will however always be some
extent of researcher bias. In order to be transparent and neutralize my own
opinions, I have described my opinions and preconceptions in Section 3.2.
Another measure used for increasing validity of analysis was to use neg-
ative case analyses, which are cases that contrast and contradict the main
findings of a study (Robson and McCartan, 2016). This kind of data was

considered and included in the analysis process.

3.7.3 Reliability

Reliability is about the trustworthiness of the procedures and data gener-
ated, and how consistent the results of a study would be if researchers
reconstructed the process under similar conditions (Roberts et al., 2006;
Johnson and Christensen, 2008; Robson and McCartan, 2016). To secure

reliability, transparency about the research process and personal beliefs is
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important. While conducting the study, the researchers had in mind to col-
lect as much data as possible from participating teens, and we were there-
fore dependent on the participants from the workshops. Detailed notes on
decision-making and conducted steps were written down throughout the
process, and many of the choices in this study have been explained and jus-
tified to increase the reliability. Furthermore, transcriptions, artifacts, field
notes, and audio tapes have been kept and secured to confirm the findings
of this study. The author’s personal position and potential preconceptions
have also been elaborated earlier in this chapter, which again can increase

the reliability of this study.

3.8 Statement of ethics and confidentiality

The researchers made sure that parent and participant permissions to par-
ticipate in this research projects were secured before they conducted the
workshops. Signed permissions allowed the researchers to collect sensitive
and personal data about the participants through interviews, observations,
and audio recordings. We maintained participant confidentiality, avoided
collecting names, and data was coded and reported in group format, rather
than individually. The researchers also stored the consent forms in a se-
cured office that only a few people have access to. The collected data will
only be available for use in possible future comparative analyses led by
researchers associated with the Norwegian University of Science and Tech-
nology (NTNU).

The most important thing in this study concerning ethics is to secure the
privacy of the participants. The personal security of the participants who
contributed was especially important, and the researchers had in mind that
identities should and would not be compromised (Robson and McCartan,

2016). The study was notified to the Norwegian Centre for Research Data
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(NSD) in order to collect data about individuals ethically, and it followed
NSD’s general guidelines for data collection. Although we did not store
any real names of the participants and gave each participant an alias, their
privacy could still be at risk. During the data collection phase, some safety
measures were done to protect the data and anonymity of the participants.
We wrote field notes by hand and documented them digitally on the com-
puter, and interviews were audiotaped without names and later transcribed
digitally. Handwritten notes were at all times stored in a secure and locked
place, which only a small group of people had access to. The digital notes
and the audio tapes were stored on the cloud, and only accessible with the

correct passwords .

Usually, observed participants volunteered to be interviewed, but occasion-
ally some did not want to be interviewed at all. The researchers informed
participants that they only had to answer the questions they wanted to, and
that they could end the interview at any time. We avoided the unwilling
participants as much as possible, but if no one volunteered, individual team
members were asked directly if he or she wanted to be interviewed. By
having a combination of interviewees who volunteered themselves and in-
terviewees who were asked, we also ended up having a diverse participant
pool. Seldom times there was simply not enough time to interview all team
members, and the remaining members were informed about this so no one

would feel left out.
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Results

The last chapter described where, how, and from whom the data was col-
lected in this study. Furthermore, it explained the research approach and
steps taken in order to analyze data and secure the validity and reliability
of the study and its findings. This chapter presents the results of the study,
before the findings are discussed in Chapter 5. If not stated otherwise, the
results from both Tappetina and Kodelgypa are presented together. Overall
there were not any significant differences in the results from each work-

shop.
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4.1 Observations

The observations revealed that generally, the participants seemed to collab-
orate quite well. Very frequently one team member would start taking over
the mouse and begin the programming process, while others contributed
with suggestions to the game design, or ideas on how to create different
implementations by reading the paper tutorial. In general, we also expe-
rienced that teams compromised on what they were creating. Some par-
ticipants would therefore choose the game design, while others designed
the graphical aspects of the game elements. In many teams, the mem-
bers would rotate between having the control of the computer mouse, so
that every member could try programming for themselves. The researchers
also experienced repeatedly that in triad teams, it was a higher chance that
one member got separated from the rest of the team by talking to teachers,
browsing on the Internet, or wandering around the room to see what other
teams were doing. This happened regardless of all team members demon-
strating an interest towards the activities. In contrast, when the levels of
skills were different in dyads, we experienced that the less interested or in-
experienced members got a boost when given a chance to experiment with

the games.

Furthermore, the researchers detected communication and collaboration be-
tween teams as well. If the games did not work as expected, there was a
chance that team members asked other fellow participants for help. On the
other side, if participants were successful in implementing something, they
usually demonstrated and showed this off to other teams. These partici-
pants would also try to assist teams that struggled with implementing the

same functionality.
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As mentioned before, investigating the performance in computational think-
ing can provide additional information about the sample. While investi-
gating the different help levels in the field notes, we found the results as
shown in Figure 4.1. In this pie chart, darker colors represent the higher
frequencies, while lighter colors represent lower frequencies. During the
workshops, the researchers observed that the teams asked for assistance
217 times in total. By comparing the numbers for help levels, we found
that level 3 had a higher frequency than the others (77 times). This implies
that participants had an idea of what things were when given the name of a

concept, but they did not know how to implement it.

Figure 4.1: The ratio of the indicated help the teens received in the workshops

75



Chapter 4. Results

A second thing we found was a high frequency of level O assistance (47
times). We noticed in the field notes that teams who demonstrated more
experience in programming and game creation had a higher chance of ask-
ing the student assistants to try out their games. In contrast, those who
demonstrated less experience wanted confirmation on what they were cre-
ating. The latter would many times postpone the programming, and mainly
focus on the graphics during the game creation phase. When they finally
needed to start programming, they would ask for help instead of trying first.
While there is nothing wrong with asking for assistance, these teams would
receive help, continue making small graphical changes to their game, and
then ask for more implementation help. In other words, these team did not

try implementing code on their own.

The following tables 4.1 and 4.2 describe the different observed purposes
of help and their corresponding frequencies in decreasing order. The table
contains 213 purposes, which means that we are missing four. The most
common purpose of help was validation of game (47 times), while the sec-
ond and third common were regarding graphics (31 times) and moving a
sprite horizontally or vertically (22 times). More "complex" functionalities
such as timers, point systems, and high scores were less common help pur-

poses.
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Purpose of | Frequency | Includes

help

Validation of | 47 The team telling the teacher to try the game, want-

game ing confirmation of game elements, or explaining
the game to the teacher

Graphics 31 Creating a new background or sprite, setting a back-
ground or change the costume of a sprite, shrinking
or enlarging a sprite, as well as creating the effect of
a never-ending background

Movement 22 Moving a sprite horizontally or vertically in a way

problems the team desires

Jumping 20 Making the sprite glide naturally or making the
sprite jump to left or right

Loops 16 Explanations of loops, if else, if touching, and help
to create different loops for different purposes

Hide/show 14 Helping the teams to hide or show a sprite when
something happens, debugging when existing scripts
do not work, and explaining how they can hide or
show something

Coordinates | 10 Explanation of the coordinate system, how coordi-
nates are used in the games, and adding the "correct"
x and y values

High score 9 Creating a high score system, debugging existing
high score code, and explaining how a team can cre-
ate a high score system

Point system | 9 Implementation of a point system, how to keep track
of existing points, and assisting when points should
be decreased or increased in a game

Game over 9 Restarting the game, making a Game over-screen

appear when a player lost the game, or making the

game over screen show at the correct time

Table 4.1: Overview of the purposes of help and frequencies in the workshops
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Purpose of | Frequency | Includes

help

Respawning | 8 Help to respawn a sprite when the game is over,

and random- when something is touched, when it is out of the

ize screen, and giving sprites new positions in a random
manner

Variables 8 Explaining the concept of variables and how they
can be used

Finding the | 3 Help to navigate the Scratch GUI

right block

Copy exist- | 3 How to copy code from an existing sprite to a new

ing code one

Timer 3 How to create a timer that either counts up or down
during a game

Game plan- | 1 Help on how to start planning the game the team is

ning creating, and possibilities of Scratch

Table 4.2: Overview of the purposes of help and frequencies in the workshops

4.2 Interviews

(continued)

Note that most of the interview quotes were translated from Norwegian into

English, and names have been changed to preserve participant confiden-

tiality. The interviews revealed various things: Many participants enjoyed

the given activities, as they were in charge of both planning and realizing

the games. Of the planning part, they expressed appreciation towards the

fact that they could be creative and were allowed to create almost anything

they wanted. These elements were different from what they usually had in

school. When it came down to the implementation of games, they found it

engaging to see how implementations were built up by different blocks:
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"It was fun to put together different program parts and see that they worked
together"
- Magnus

"It was really fun to see how things worked when we changed something,
even the slightest bit, and it changed the whole thing"
- Su

"I thought it was fun, especially because we were allowed to do whatever
we wanted"
- Bendik

What participants expected was something that could influence their atti-
tudes towards the activities. Some teens expressed that they did not look
forward to participating, as they did not really like programming. Others
thought programming was hard, and that they did not know enough to cre-
ate something. Compared to those who found programming harder than
anticipated, almost twice as many implied that it was either easier than
expected or better than they thought. More experienced participants pro-
claimed that the reasoning for this could be the easiness of Scratch, and the

flexible opportunities that comes with the environment:

"At times, you have people who aren’t really interested in programming.
They can create easy things in Scratch"
- Peder

"You can create a game in a short amount of time"

- Christoffer
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Teens gave various statements regarding what they learned from the activ-
ity. Several participants found it enjoyable to transfer existing knowledge
to new situations, and others said that they had started to understand that
things would not happen if they did not explicitly give the instructions. Af-
ter some time with programming, they got a better idea of what the different
blocks did, and that they could reuse code in other scenarios than they ini-
tially thought of:

"When you have learned something, you could use it (again)"
- My

"l think that it is more fun to learn from your mistakes"

- Cathrine

Others expressed that it was challenging to create smaller scripts and con-
nect them together into one game. It was especially hard to tweak the ex-
isting scripts since this could end up breaking the whole game. The teens
established assistance from assistants and paper tutorials as two remedies to
reduce frustration when overcoming obstacles. Support and help from the
assistants were mainly found valuable, as this could guide the participants

closer to their goals:

"It has been very helpful to get a lot of help, to receive help from people
who look over your shoulder and point you in the right direction”

- Jens

"It wasn’t frustrating because we received help almost immediately"
- Frederik
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"We managed to solve it by following the tutorial”

- Tuan

Something else that could ease frustration was to receive input and knowl-
edge from other teams. If the paper tutorials were insufficient, and student
assistants were unavailable, teams would turn to fellow participants for as-
sistance. A participant gave an example where her team could not find what
they were looking for, so they looked at how other teams to see how they
did it. In addition to this, participants would draw inspiration from games
that belonged to other teams, go back to their own computers, and try to

implement new game concepts into their own games.

More experienced participants agreed that Scratch was more of a limitation
than an aid for programming. These teens implied that the environment was
unimpressive since they knew how to write textual-based code. In addition
to this, the easiness of Scratch made it difficult for them to create what they

wanted as they were used to write code themselves:

"It was harder because you can’t specify whatever you really want to do"

- Kristian

Another highlight from the interviews was the collaborative aspects of the
workshops, which in most cases seemed to be uplifting and beneficial to
participants. They expressed several times that the end results were better

than expected, and that it was fun to build something together:

"Fun to create something. A product!"
- Didi
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In some cases, the teens described that the end results would not be as good
if they executed the game creation on their own. These participants also
stated that they were involved in the game creation, but that their partners
often did more:

"If  was alone I wouldn’t manage to do the same"

- Anna

"l felt like we did as much, but I feel like he might have done a little more"
- My

Regardless of the amount of work each member put into their games, teens
still viewed their involvement as vital. One teen said that he participated
in the activities by thinking about what the team could do and create. An-
other girl stated that she contributed to the areas she could and that she did
a pretty good job at it. Although they were aware that they did less, this
was not what they focused the most on. Compared to the amount of work
each member put into the games, participants pointed out that it was more
important that they had some input in the games, that their team was able to
create what they had planned, and that team members were open for their

ideas:

"It was like our group, our project, like, listen to everyone equally”

- Lars

"It was fun when things worked and we thought about things and they ac-
tually worked"
- Per
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Another participant expressed that being more than two in a team would

however limit the freedom to create anything they wanted to create:

"It was good that we were two in the team, if we were more you wouldn’t
be able to do whatever you want"

- Huong

We also experienced traces of uneven roles in the collaborations. Teens who
felt that they were dominant during the game creation usually reflected over
the division of roles in the teams. They realized that they took a leadership

role in the team, and regretted being too bossy:

"I felt maybe that I got too active and others did not get to say as much"
- Harald

"It was maybe that I took too much control"
- Peder

In few situations, we experienced bad collaboration because the team mem-
bers could not agree on ideas and the division of tasks. These participants

ultimately became frustrated and uninterested in the associated tasks:

"l had to sit on the side, they did not let me try ... It was hard to finish my
task because they just wanted the control of the computer back"

- Daniella

"It was every man for himself”
- Hannah
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Aforementioned in Chapter 3, the results from the coding process were

a large number of codes, categories, and themes. The following tables 4.4

and 4.3 describe the categories we found during that process. Further break-

downs of the categories can be found in Appendix E and Appendix F.

Category Description Codes

Difficulties This includes encountered difficulties in Scratch, be- | 46
ing unable to create the functionality the participants
wanted, and expressing mistakes and frustrations re-
lated to the game creation phase

Emotions Participants express some kind of emotion such as | 30
confidence, achievement, and fun

Scratch Participants’ opinion on Scratch in general, and chal- | 27
lenges when moving from paper to Scratch

Collaboration | Participants speaking up about their programming ex- | 23
perience in small teams, distribution of roles, and how
the collaboration was during the idea creation

Easy Participants reflecting on the easiness of tasks and | 16
Scratch

Environmental | The participants say something about the theme envi- | 7

issues ronmental issues

Time issues The participants reflect on the time aspect of the work- | 7

shop, and how it could have affected their end results

Table 4.3: Overview of categories and number of codes after coding Tappetina

interviews
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Category Description Codes

Collaboration | Participants describe their opinions on the collabora- | 136
tive learning, their own contributions, and roles

Difficulties Participants state what they found hard in Scratch, | 128
with game planning and while programming

Out of school | Participants indicate that they enjoyed problem- | 59

experience solving outside of school. This includes the freedom
to create anything, looking how things were built up,
and being creative

Easy Participants express what they found easy, why | 57
Scratch is hard for textual-based programmers, and the
easiness of using Scratch to program

Fun Participants experience fun while using Scratch, be- | 46
ing challenged, achieving to create a game, and being
creative

Achievement This category unifies what the participants felt about | 23
the final result and the evolution of the game creation

Scratch poten- | Participants looking at the possibilities with Scratch | 21

tial and their previous experiences

Help This category unites types of help provided, when they | 21
needed help, and how some assistance made the par-
ticipants feel

Change of per- | Participants expected programming to be harder, eas- | 21

ceptions ier, or more boring

Scratch discov- | Participants speaking about their discoveries of blocks | 20

eries and creating scripts in Scratch

Learning Participants saying what they learned in general, about | 18
instructions, and programming

Intention Participants look at their intentions for programming | 4

and Scratch in the future

Table 4.4: Overview of categories and number of codes after coding Kodelgypa

interviews
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The final results of the coding process were in total six themes, as illustrated
in Figure 4.2: Motivation, Teamwork and assistance, Scratch, Compe-
tence, Perceptions, and finally Learning. The underlying categories of
each theme can found in Appendix G. In the light of concepts and research
presented in earlier chapters, the connections between the results and the
four distinct parts of engagement were examined. The connections will be

further discussed in the next chapter.

THEMES
Motivation Teamyvork and Scratch
assistance
Competence Perceptions Learning

Figure 4.2: Final themes after coding interviews from both workshops

4.3 Artifacts

Tracking Dr.Scratch scores in a spreadsheet made it easy and clear to find
the frequencies and percentages for each assessed score, especially since
we collected 142 game versions. The ratios of scores for the computational
thinking concepts used by Dr.Scratch are presented in the following pie
charts, and for the sake of consistency, the scores are distinguished with
the same color in each pie chart. Overall, the results imply that participants
generally performed a basic and developing level of computational thinking
skills. However, more diverse results in the performances were detected for

synchronization, parallelism, and logic.
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Starting from flow control, none of the artifacts scored level 0, and 15 of
them gave a score of 1, meaning that all the teams managed to reach a basic
level of flow control. 102 game versions reached a score of 2, implying
that repeat and forever blocks were used successfully, and the flow control
among the participants was in general developing. 25 of the game versions

scored 3 and showed signs of proficiency.

For data representation, only one game version produced a rank of 0,
meaning that the version did not even contain modifiers of sprites proper-
ties. However, 62 artifacts reached the fundamental level, and contained
modifiers, while the majority of the game versions (79) had a developing
level (score 2) with operations on variables. None of the Scratch projects
reached the proficiency level (score 3), which included carrying out opera-

tions on lists.

Score 0 Score 1 Score 3 Score 0
Score 3 0 15

25

Score 2
102

(a) Flow control (b) Data representation

Figure 4.3: The ratio of Dr.Scratch scores for artifacts
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Continuing with abstraction and decomposition, five game versions re-
sulted in score 0, meaning that they did not contain at least one script and a
sprite. Almost all the game versions (133) held a basic level of abstraction
with more than one script and sprite, while only four versions reached a de-
veloping level with own definition of blocks. None of the versions resulted

in score 3 for abstraction.

User interactivity scored high as 114 game versions resulted in score 2.
In other words, the majority of the participating teams managed to create
functionality reacting on key and mouse presses, green starting flags, clicks
on sprites, as well as the block ask and wait. None of the versions reached
the level of proficiency.

s 3 Score 0
core
Score 0 Sco;e 3 0 Score 1

Score 1
133

114

(a) Abstraction (b) User interactivity

Figure 4.4: The ratio of Dr.Scratch scores for artifacts (continued)
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When it comes to synchronization, 28 artifacts scored 0, and 23 scored 1.
The teams were required to implement a wait block in their games in order
to reach a fundamental level. A more significant part of the game versions
resulted in a developing level, meaning that participants implemented func-
tionality for broadcasting, stopping sprites, stopping the program, or stop
everything. 12 game versions scored 3, and introduced blocks for broadcast

and wait, wait until, and when backdrop change to.

Scores for parallelism varied, but 23 artifacts produced score 0, signifying
that maximum one sprite reacted on the green start flag. 68 game versions
reached the basic level of score 1, which involves two sprites reacting on
the green flag. Only one game version ended up with score 2, while 50
game versions reached a proficiency level. The latter includes for instance

creating clones and executing two scripts when a message is received.

Lastly, logic had diverse results. 30 game versions did not reach the basic
level, while 55 artifacts implemented if conditionals. Furthermore, 32 game
versions resulted in score 2 by using if else code blocks, and the remaining

25 had a proficiency level by carrying out logical operations successfully.
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Score 3 Score 0 Score 0

Score 3
50

Score 1
23

Score 2 Score 1

68

(a) Synchronization (b) Parallelism

Score 3

Score 0
25

30

Score 2
32

Scorel
55

(c) Logic

Figure 4.5: The ratio of Dr.Scratch scores for artifacts (continued)
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4.4 Questionnaires

Out of all the participants in our workshops, at least half of them reported
that they had never participated in a workshop with visual programming
before. For Kodelgypa the percentage was as high as 63%, while it was
50% for Tappetina, as illustrated in Figure 4.6 and Figure 4.7. In contrast,
almost 68% from Kodelgypa answered that they had experience with pro-
gramming to some extent prior to the workshop, while 6 out of 7 Tappetina
participants reported the same.

80
70
60
50
40
30
20

10 18 11

0 2 3
None 1 2-3 4-5 6 or more

Figure 4.6: The number of previous visual programming activities
before the teens participated in the Kodelgypa workshop
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0 0 0
None 1 2-3 4-5 6 or more

Figure 4.7: The number of previous visual programming activities
before the teens participated in the Tappetina workshop

As mentioned earlier, the Kodelgypa questionnaire aimed to investigate the
collaborative learning experienced by each team member. A clear majority
of the participants (81%) agreed that they felt a part of the learning com-
munity in the team to various extents. 92% reported that they were actively
sharing their ideas with their team, and 85% were overall satisfied with the
collaborative learning in the workshops. When we asked the participants if
they developed any knowledge or new skills from their team, 75% reported
that they did, while only 18% said they did not.

Almost every participant from the Tappetina workshop strongly disagreed
that programming activities were boring, and every participant agreed that
their decision to attend this kind of activity was a wise one. Their general
intentions to attend programming activities were high, which can imply
that the teens in general had motives for participating. The teens also found
programming useful and exciting, meaning that the participants had an in-

terest in programming. In contrast, almost every participant disagreed that
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they found programming flexible. They also agreed that the process of pro-
gramming was unclear, and could be misunderstood at times. Nonetheless,
many teens reported that programming activities would improve their per-
formance and effectiveness in programming, and that learning as much as
possible when programming was one of their goals. This signifies that the

teens were motivated to learn and improve their existing skills.

The questionnaire results can be found in the appendixes H and I.
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Chapter

Discussion

Chapter 4 presented the results from the data collection, such as code cate-
gories, themes, and Dr.Scratch scores for the collected artifacts. This chap-
ter describes how the results relate to existing research and this study’s re-
search inquiry: Which factors can influence teens’ engagement in compu-
tational thinking activities? Section 5.1 describes the computational think-
ing performance the teens were able to reach in this workshop. This brief
assessment will provide a better picture of this study’s sample. The follow-
ing section 5.2 assesses the academic engaging factors of the activities and
their significance. Section 5.3 describes how the factors affect behavioral,
emotional, cognitive, and agentic engagement, while Section 5.4 discusses
the generalizability, implications, and limitations of these findings. Finally,

Section 5.5 concludes and presents the closing words of this study.

94



5.1 Teens’ position in computational thinking

5.1 Teens’ position in computational thinking

The findings in this study indicate that the majority of teens had little to no
experience with visual programming activities before their participation.
Through questionnaires, it was self-reported that approximately 65% had
never taken part in a similar activity, less than 20% had participated in
one, and less than 1% had participated in four or more similar workshops.
By observing the teens during the workshops, we detected various things,
for instance the types of help each team received, and for which purposes.
The second most frequent purpose was about graphics, which included for
example how to create new sprites and backgrounds, and resizing of sprites.
While aesthetics can be significant for the success of a game, Maloney et al.
(2008) found that novices mainly use Scratch as a media manipulation and
composition tool. The focus on graphics can therefore be a sign of little

programming experience among the participants.

The other help purposes and artifact analysis can also support the idea of
participants having little programming experience. Generally, the teens ex-
perienced problems with implementing movements, loops, and jumping.
By comparing these frequencies with the frequencies of more complex
functionalities such as high score and point systems, the former was no-
ticeably higher. This implies that the participants needed assistance for
the more basic implementations in Scratch. The artifact analysis revealed
that synchronization, parallelism, and logic had higher percentages of score
0 compared to the other computational thinking concepts assessed with
Dr.Scratch. While the scores of synchronization and parallelism are depen-
dent on the design of games, they require knowledge regarding the order of
instructions, Boolean logic, and connecting the right code blocks together.
In contrast, logical thinking is considered essential for any programming
project and requires knowledge about for instance Boolean logic and con-

ditionals. Approximately 21% of the game versions in this study did not
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contain any successful if conditionals, while 39% of the versions reached
a basic level for logical thinking, and implemented functional if condition-
als. Similarly, Denner et al. (2012) found that 82% of 108 games made
by novice programmers contained conditionals or events, but 18% of these
did not have any functional interaction. In only 35% of the 108 games, all
the implementations with conditionals were successful. The levels of com-
putational thinking in this study match the performances of novice pro-
grammers in other studies. In a like manner, Werner et al. (2014) found
that conditional logic and subsequent sequential execution of a program are
challenging concepts for novice programmers. On the other side, Maloney
et al. (2008) stated that variables and Boolean logic are less easily discov-
ered computational thinking concepts for youth, and that the uses increase
over time when they gain more experience. With some few exceptions,
the results indicate that the participants of this study were newcomers with

little to no experience with computational thinking.

5.2 Factors of academic engaging activities

The findings of this study imply that teens in a computational thinking ac-
tivity are motivated by what they can create with visual programming en-
vironments, what they can produce in teams, and how they can modify the
tasks to own personal expectations. They react positively to the collabora-
tive and creative aspects of the activities, as well as the help they receive to

reach their goals.
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5.2.1 Teamwork and assistance

Children become confident when they have the chance to learn and receive
ideas from others (Giannakos and Jaccheri, 2013). This way, activities can
also become more enjoyable and creative for the teens. This study indicates
that the collaborative aspects of the activities are positive for teens’ aca-
demic engagement (Juvonen et al., 2012; Riga and Chronopoulou, 2014).
Teamwork is found uplifting in cases where team members feel less capable
than their partners, in that sense that different team members can contribute
in areas that they feel comfortable with. Less skilled teens find it motivating
to learn from more skilled teens, while more experienced teens enjoy teach-
ing less experienced ones (Wentzel and Watkins, 2002). Especially creat-
ing things with others is valuable to the teens, and creating a functional and
good end product has a higher importance than individual efforts. However,
the findings also imply that the feeling of equality between team members
is important. This equality includes that team members should consider
their partners’ opinions equally, and that every team member should try to

contribute to the game as much as possible.

The research reveals some possible differences between dyads and triads as
well. Having three team members can make one member prone to being
less involved in the games, as maintaining equality is harder, and teams
have to compromise more on their ideas. Teams with a large number of
members can ultimately force the members to consider more opinions, and
therefore lead to fewer individual contributions to the end product (Downer
et al., 2007).

On the other hand, bad collaboration can absolutely lead to a decrease in
engagement. The research implies that instances of inequality between the
team members can result in negative feelings towards the associated activ-
ities (Wentzel and Watkins, 2002; Furrer and Skinner, 2003). Furthermore,

disagreements and inabilities of compromising within the teams can lead to
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an inferior end product, and cause frustrations for the team members.

This study’s findings suggest that assistance and feedback are another pos-
itive factors for the academic engagement. As discussed, less skilled teens
enjoy learning from more skilled individuals, which includes learning from
more authorized persons such as teachers and student assistants (Reeve,
2013). Assistance is found to ease frustrations in challenging situations,
and as a push in the right direction (Furrer and Skinner, 2003; Appleton
et al., 2008; Pianta et al., 2012). In times where students assistants are
busy, researchers should provide further assistance in the form of paper tu-
torials and related example projects to avoid decreases of engagement. In
computational thinking activities, validation from both peers and student
assistants are also invaluable (Skinner and Belmont, 1993). Teens feel vali-
dated by asking teachers to try out games, receiving confirmations of game
elements, and explaining their games. The high number for the validation
of games in this study implies that teens appreciate and consider responses

to their accomplishments made by others (Basawapatna et al., 2010).

5.2.2 Competence

This research suggests that teens’ levels of competence can influence their
academic engagement (Bandura and Cervone, 1986; Bircan and Sungur,
2016). It implies that novice learners in similar computational thinking ac-
tivities will enjoy learning new things, setting goals, and lastly realizing
their goals. They will however be discouraged during the workshop by
not knowing what they can create, challenging implementations, and fail-
ing to meet their goals (Lykke et al., 2015). When teens are in charge of
planning and implementing their own games, they decide the complexity
of their games, as well as how challenging their learning process should
be. Despite having little to no experience with programming, teens express

that activities are more gratifying and entertaining with some practice, and
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that it is fun to learn from mistakes. This finding supports Bandura and
Cervone (1986) who found that students who set goals for their academic
activities, have a higher willingness towards achieving their goals. It should
nonetheless be a balance between the teens’ effort and the outcomes of it,
as an apparent imbalance can cause frustrations, and decreases in academic

engagement among teens (Wentzel and Watkins, 2002).

By looking at the games, it is evident that teens are inspired by games they
have played before, for instance Flappy Bird, and use game elements that
they are familiar with such as Game over-screens, obstacles, and continuous
moving backgrounds. Game creation has been found to increase motivation
and engagement for both inexperienced and experienced teens (Repenning
et al., 2010; Cakur et al., 2017). It is also considered a beneficial way to
learn programming and computational thinking, and can teach students to
transfer existing knowledge to other situations (Adams and Webster, 2012).
According to Basawapatna et al. (2010), games are further able to enable
more peer-to-peer interaction and peer learning in middle school, as teens
naturally will walk and investigate what others have created, go back to
their computers, and implement what they have learned. Since games count
as entertainment, viral peer learning will therefore take place with little or
no input (Basawapatna et al., 2010; Buffum et al., 2016; An, 2016).

5.2.3 Motivation

This study indicates that teens’ emotions and their senses of achievement
and fun influence their motivation, and thus their academic engagement
(Papert, 1980; Bandura and Cervone, 1986; Caraway et al., 2003; Turner
et al.,, 2014). While some enjoy the processes of putting programming
blocks together and the results of it, others find it exciting to be challenged
and play the end results. They all agree that it is engaging that they think

about something, and their ideas seem to work (Reeve and Tseng, 2011).
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Their confidence levels increase when they manage to do something, while

it decreases if they fail at doing so.

In terms of motivation, looking at teens’ intentions is interesting. Regard-
less of prior knowledge, teens find building on existing knowledge or ac-
quirement of programming experiences motivating. This motivation makes
teens want to continue to program during the breaks or after the workshop

programs.

5.2.4 Perceptions

Something interesting in the findings is that teens enjoy the out of school
context and participating in activities that are different from what they usu-
ally do in school. Room for personalization, self-exploration, and the pos-
sibility of adjusting learning processes to own values are found especially
valuable (Kelleher et al., 2007; Giannakos et al., 2013; Giannakos and Jac-
cheri, 2013). By providing autonomy to teens, they feel stronger about
creating the games, and the final end results (Turner et al., 2014). The find-
ings imply that teens appreciate that they are allowed to think on their own,

which result in feelings of ownership for the games.

Some teens find programming harder than expected, while a higher number
find it easier and better. Although programming can be hard sometimes,
the teens realize that they in general end up with better results than ex-
pected. They achieve more than they think they can and gain insight into
the amount of work that lies behind a game. Some teens express that they
got new perspectives of programming (Grover et al., 2014b), and many feel
that it is interesting to program and play games that fellow participants cre-
ate. However, there are naturally a few cases where participants are found
to be disengaged in the activities. These reactions are typically results of

their attitudes since they find programming to be boring. Although Furrer
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and Skinner (2003) suggested that emotional disengaged and underachiev-
ing students are sensitive and responsive to opportunities that fulfill their
motivational needs, the research implies that teens who do not feel emo-
tionally connected to the associated tasks do not have positive increases
of engagement. Although students are autonomous and competent learn-
ers, they still need to feel a sense of relatedness to be engaged (Furrer and
Skinner, 2003; Park et al., 2012).

However, teens acknowledge the creative aspect of the workshops as a deci-
sive factor for their engagement (Giannakos and Jaccheri, 2013; Giannakos
et al., 2013; Riga and Chronopoulou, 2014). Creativity is in general found
to make activities more interesting for both inexperienced and experienced
teens. Where inexperienced teens lack skills, they can still contribute to
the idea or graphics in the game. Consequently, this can mean an increased
participation during the game creation, and thus an improvement of engage-
ment (Shell et al., 2014).

5.2.5 Scratch

The findings support that Scratch make the learning experiences with pro-
gramming more playful and understandable for the teens (Resnick et al.,
2009; Mannila et al., 2014; Riga and Chronopoulou, 2014). The visual
programming environment extends what teens can create since it provides
many elements teens do not think about while planning, such as high scores
and timers. Teens express that it is easier and faster to sketch on paper
than to create something in Scratch, since paper sketches are less detailed.

Sketching is however found to be a good starting point for planning games.

The design of Scratch is very user-friendly, and the environment enables
teens to connect manipulations to code blocks (Weintrop and Wilensky,

2015). It can also meet the needs of users who only want to manipulate
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media and graphics (Maloney et al., 2008). This study indicates that teens
enjoy that they can create programming projects in a short amount of time,
and that Scratch supports what they want to build in a simple and effi-
cient way. The opportunities that come with Scratch also make it attractive,
since teens can create a lot of different programming projects with it, for
instance science simulations and projects related to their majors (Appleton
et al., 2008; Basawapatna et al., 2010). The low floor makes it possible for
even inexperienced teens to create something, and considering that Scratch
makes it more effortless to succeed with programming, it contributes to
motivating teens in computational thinking activities. The research sug-
gests that teens who have little to no practice with programming will in

particular be engaged.

5.2.6 Learning

The learning outcomes of the activities are something that can engage teens
in computational thinking activities. The teens in this study express that
scripts do not always work as expected, and that they gain more under-
standing of the blocks and how they can be used when allowed to test and
experiment. Others explain that they can relate new insights to their exist-
ing knowledge and other situations. The research suggests that majority of
participants gain some new knowledge by participating in computational
thinking activities. While only a few participants remember what kind of

blocks they use in their games, their idea of the blocks is usually correct.

Since we did not test teens’ comprehension and knowledge before and after
the workshops, a correct conclusion of actual learning outcomes concerning
the performance in computational thinking is not possible. The assessment
of performance is nonetheless outside of this study’s scope and targeted in
other studies (Denner et al., 2012; Franklin et al., 2013; Werner et al., 2014,
Fields et al., 2016).
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5.3 Addressing academic engagement types

Figure 5.1 illustrates the placements of coding themes according to the dif-
ferent features of academic engagement. The placements were based on
theory introduced in Chapter 2, along with the focus points from Table 3.5.
The next subsections will further describe the connections between each

theme and engagement type.

Behavioral Emotional

. o

Agentic Cognitive

TEAMWORK
AND

Figure 5.1: Placements of themes according to the presented academic
engagement features
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5.3.1 Behavioral engagement

Teens’ behavioral engagement is a key condition that supports academic
engagement, and is suggested to have a direct influence on raising achieve-
ment: The more students actively participate in the activities, the more they
will learn the contents (Gregory et al., 2014). Half of the participants agree
that they actively exchanged ideas with their partners, and 65% strongly
agree that learning in teams was facilitated. This signifies that most partici-
pants are involved in computational thinking activities. This study supports
that effective and efficient collaborations lead to teens being more involved
in computational thinking activities, in particular teams with a proportion-
ate division of tasks between the partners (Wentzel and Watkins, 2002; Riga
and Chronopoulou, 2014; Buffum et al., 2016). On the other side, this re-
search also supports that less satisfying relationships between team mem-
bers have negative impacts on children’s self-reports of behavioral engage-
ment (Furrer and Skinner, 2003; An, 2016). High behavioral engagement
is associated with visibility in teams rather than individual work, so larger
groups are proven to affect student motivation and behavioral engagement
in learning negatively (Downer et al., 2007). Members of smaller teams are
usually more actively working, compared to larger teams which are associ-

ated with more passive engagement such as sitting and listening.

This study’s findings suggest creativity and personalization in collabora-
tive activities as measures to increase desire and curiosity among inexperi-
enced teens for learning programming (Burke and Kafai, 2012; Giannakos
and Jaccheri, 2013; Giannakos et al., 2013). Creativity, personalization,
and collaborations can consequently result in deepening the participation
among less interested teens. Teens who already have an interest in pro-
gramming will actively try to approach it, while disinterested teens can im-
prove their enthusiasm by contributing to the creative aspects of activities.

The results point in a direction where the collective learning and
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accomplishments of the teams are more meaningful than what an individual
can achieve individually. Somehow similarly, teens’ self-reports disclose
the same findings. Over half of the participants agree to some extent that
learning in their teams was useful, while 86% express satisfaction towards
the collaborative learning in the workshops. The findings also suggest that
to inexperienced teens, the feeling of achievement and ownership of what
they are doing can influence their behavioral engagement positively (Buf-
fum et al., 2016).

How authorized persons such as teachers interact with the teens affects
teens’ behavioral engagement (Hubwieser et al., 2015). Positive teacher-
student interactions where teachers challenge and interest students result
in rich learning opportunities (Gregory et al., 2014; Lykke et al., 2015).
Teacher instructions that require analysis and interference of the student
can also result in greater behavioral engagement, compared to tasks that re-
quire basic skills and rote learning from the student (Downer et al., 2007).
In addition to this, feedback from teachers and other peers has the ability
to raise teens’ self-efficacy by teaching them to improve their developing
knowledge, skill, and effort, and further avoid discouragement caused by
poor performances or lack of abilities (Pianta et al., 2012; Gregory et al.,
2014). High-quality feedback includes extended feedback loops, extra in-
formation about the topic under discussion, and exchanges of thoughts and

knowledge.

5.3.2 Emotional engagement

Academic engagement is related to teens’ experienced emotions when car-
rying out work associated with school. In this study, many participants ex-
pressed that they enjoy the out of school context. Mainly doing something
that is somewhat unusual in academic settings is meaningful. Instead of

looking at someone demonstrate, the teens have been able to create some-
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thing in collaboration with others by experimenting with different ideas,
improvise, test hypothetical situations, and solve problems, as suggested by
Riga and Chronopoulou (2014). This implies that teens like to self-explore

the opportunities and capabilities of both the environment and themselves.

This study suggests that teens appreciate setting personal goals and choose
how challenging their learning processes should be. This supports what
research has found about enabling teens to set their own goals will raise
their eagerness to set even higher goals, make them put more effort into
achieving these goals, and consequently make them persistent on meeting

those goals (Bandura and Cervone, 1986; Caraway et al., 2003).

Although the overall achievements of a team seem to be more critical than
individual efforts, team members who are less involved with programming
recognize that they could have done more. This awareness can tell us some-
thing about how inexperienced teens react to challenges or how they value
themselves. Many of these teens express that the games would never be as
good if they created them alone. Their solution in these situations is fail-
ure avoidance and letting their perceived competent partners have the lead
roles, and code all or the majority of the game (Lykke et al., 2015). In-
stead of focusing on what they manage to create, inexperienced teens tend
to focus more on what they cannot do, and all the struggles they encounter.
Research has found that students with a fear of failures tend to demonstrate
less in school-related tasks (Caraway et al., 2003). This finding supports
that perceptions of competence contribute to students’ achievements (Bog-
giano et al., 1992). By recognizing that teens have different goals and dif-
ferent competence levels, researchers and teachers should allow teens to
choose between a collection of tasks with varying degrees of complexity to
avoid decrements of academic engagement. There should also be a balance
between effort and outcomes, so the tasks are not unnecessarily challeng-
ing. In addition to this, affective engagement towards more inexperienced

and hesitant teens can contribute to building up their confidence.
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5.3.3 Cognitive engagement

Cognitive engagement concerns teens’ reflections, strategic use, own ex-
periences, connections, and willingness for academic work. By looking at
indications of competence, we get a clue of the levels the teens can reach
during these kinds of workshops. The findings of this study imply that
despite prior experiences, almost every teen acquire new knowledge from
participating in such activities, and that they have fun in creating something
related to what they care about (Appleton et al., 2008).

The study also indicates that Scratch has the ability to lower the floor of
programming to something teens can manipulate and understand (Brennan
and Resnick, 2012; Maloney et al., 2010). Several participants feel im-
pressed by the environment and its intuitive structure. This research also
suggests that Scratch and the creative aspects are found to increase teens’
future intentions (Giannakos and Jaccheri, 2013). Many teens agree that
more knowledge and competence with Scratch can result in increased in-
volvement and better end results, since more insight will give the teens a
better idea of the opportunities and limitations of Scratch. For inexperi-
enced participants, the planning and starting to program are found chal-
lenging because they do not know where to start (Lykke et al., 2015). This
unsureness has some effect on their engagement since it takes more time for
them to begin, which can results in frustrations when they do not meet their
goals. However, more knowledge and experience are found to motivate

teens to want to learn more in the future.

On the other side, participants with experience in textual-based program-
ming express that Scratch can be difficult because of its simplicity. These
teens are unable to write and specify their own code in the environment,
which makes them say that Scratch is easier to learn for a novice with no
experience with textual-based programming. In addition to this, they ex-

press that Scratch has the ability to raise inexperienced teens’ motivation
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for learning to program. While the findings can imply that the ceilings of
Scratch are not raised enough for teens with textual-based programming
experiences, it can be an adequate gateway for inexperienced teens to pro-

gramming.

As discussed, teams seem to value their final products more than individual
efforts. For some of the teams, this study detects a willingness to finish
the games, and an unwillingness to learn as much as possible. Some teams
focus more on creating an exciting game for their friends to try, so they copy
student assistants’ code and ask for further help instead of working on their
own. This implies that there is some competitiveness among teens which
cause them to cut corners at the expense of their learning. The research
also suggests that this was not the case for all teams, as the majority try
on their own by looking for solutions in paper tutorials and asking other
teams for help (Bandura and Cervone, 1986). In general, the availability of
assistance is considered a positive measure to ease frustrations within the
teams. To ensure that every teen actively learns something while receiving
help, teachers should get more skilled at facilitating student involvement
and promote exchanges of thoughts and knowledge between the two parties
(Pianta et al., 2012).
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5.3.4 Agentic engagement

Agentic engagement is present when students influence their instruction
and learning experience for instance by communicating their needs and
thoughts. Teens’ self-reports of their own active contributions support that
many contributed to their learning experiences. The findings also reveal
that a high number of teens learn new skills and knowledge from others.
This implies that teens who share with others can influence their peers to
do the same (Buffum et al., 2016; An, 2016).

In addition to making individual contributions, having personal values that
align with the activities are vital for teens (Reeve and Tseng, 2011). This
study implies that when teens make the activities personally relevant, chal-
lenging, or need satisfying, they become more agentically engaged, and
prone to sharing expressions and thoughts with their peers. Especially
teams with members who have the same personal values seem to be agen-

tically engaged (Furrer and Skinner, 2003).

This research also suggests that teachers are responsible for creating moti-
vationally enriching classroom conditions for teens to maintain an agentic
engagement (Reeve, 2013). Teachers should also provide teens insights
and autonomy to spark curiosity in challenging tasks rather than easy ones
(Deci et al., 1981).
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5.4 Implications and recommendations

This study points out how several factors can affect teens’ academic en-
gagement in computational thinking activities, and how they target the
presented types of academic engagement. Some factors are dependent on
teens’ internal factors such as competence, while others are dependent on

external factors such as learning outcomes and collaborations with others.

5.4.1 Generalizability and applicability

Many results from this study are comparable to existing research, and the
results can contribute to a better awareness when it comes to raising teens’
academic engagement in computational thinking activities. According to
Fields et al. (2014), there is a need for investigating the quality of en-
gagement among teens to deepen their participation in computing, and
this study’s findings can supply more insight in this field. Note that the
discoveries cannot be applied precisely to other visual programming en-
vironments, samples, or computational thinking activities and produce the
exact results. Nonetheless, this study can be considered a source of mea-
sures which contribute to more engaging computational thinking activities
for inexperienced students, and thus decrease disinterest among them. Re-
searchers and lecturers who plan on implementing similar activities in or
outside of school can undoubtedly benefit from this information. Figure
5.2 outlines the generalizable factors which were found to affect the four

engagement types in this study.
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Behavioral
Creativity
Equal division of tasks
between team members
Room for personalization

Validation from others

Emotional
Building on existing
knowledge
Effort vs. outcomé
Meeting goals

Room for self-exploration

Alignment of tasks and
own values
Encouragement of
expression and thought

Exchanges of knowledge

Agentic

Alignment of tasks and
future goals
Competence vs. tasks
New knowledge

Availability of assistance

Cognitive

Figure 5.2: The bullet points represent factors that affect academic engagement

This study indicates that inner factors such as competence, motivation, in-
tentions, knowledge, and personal values affect teens’ engagement for aca-
demic work. In many cases, teens who doubt their competence and knowl-
edge limit their capabilities. On the other side, outer factors such as interac-
tions with peers and teachers, openness for expression and thought, learning
outcomes, and opportunities of creating creative artifacts, self-exploration,
and personalization can engage teens even further. Allowing teens to per-
form and achieve despite their lack of experience can excite them in a way
that they want to learn more. The findings of this study notably point out
that access to other people has been positive and indispensable, either if

it concerns creating something with or for others. Teens explain that they
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are more capable when they collaborate with others, either if they ask other
students or teachers for help, have critical discussions, or by interacting
with other teams’ regarding their code. By creating for others, teens feel a
sense of reward when peers or teachers try or comment on their games, re-
gardless of it being for educational, engagement, or entertaining purposes.
They experience satisfaction and empowerment from creating something
that others find fascinating and likable, which can result in cutting corners
to create the best game. Collaborative learning is therefore proved to be
meaningful to teens, as they enjoy sharing their knowledge and learning
from and with others. These results ultimately support the rise of more
sociological and cultural centered reasons for learning technology and pro-
gramming, and therefore the growth of computational participation (Kafai
and Burke, 2013).

The research suggests that the potentials of programming environments can
expand what students think that they can achieve (Resnick and Silverman,
2005). This study used Scratch, but several visual programming environ-
ments are available for use to fit the objectives of this study. Scratch is
an environment with the ability to increase interest for teens with low mo-
tivation for learning programming. Interactive manipulations in Scratch
can enable teens to make connections between code blocks and results.
The findings imply that visual programming is adequate for introducing
students to computational thinking concepts such as building algorithms,
problem-solving, simulation, and collaboration (Kelleher et al., 2007; Mal-
oney et al., 2010). The results of this study point to a direction where
visual programming offers novice users a simplified pathway to program-
ming and computational thinking. How Scratch is used in activities can
however result in different learning outcomes. Teachers can for instance
use it to demonstrate individual Computer Science concepts such as loops

or larger projects where teens need to use mixtures of several concepts.
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The opportunities of the visual programming environment can however be

adjusted to the composition of teens.

This study reveals that the engagement and appeal for learning computa-
tional thinking are not only dependent on competence, teachers, percep-
tions, and existing knowledge. It is additionally influenced by the extent
teens are able to create with and for others in a creative, personalized, and
self-exploring way, along with meeting own values, and short-term or long-
term goals. The interest in computational thinking activities can further
improve by adjusting the activities to something teens find valuable and
stimulating. The findings also indicate that visual programming languages
can introduce teens to computational thinking and change their negative
attitudes and misperceptions towards the discipline. To conclude, the gen-

eralizable factors and overall findings of this study are transferable.

5.4.2 Limitations

Readers should have in mind that there are limitations to this study. First
and foremost, the generalizability of the results must be approached care-
fully since the study was conducted in a specific context (e.g., age, par-
ticipants, experience). Secondly, the time with the participants was very
limited, and instead of focusing on long-term learning and transfer effects,
there was an emphasis on affective and immediate effects. Only indications
of teens’ performance were collected in this study, so a definite conclu-
sion about the computational thinking competence of the sample cannot be
made. However, the results from this study catch some informative insights

about how the teens performed, which can support the speculations.

During the artifact collection, the researchers had in mind to save different
versions of each game. Due to technical problems and human flaws, we

ended up having inconsistent numbers of savings at each workshop.
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The student assistants were also in charge of uploading the game versions
after each workshop, but occasionally versions were lost during this pro-

CESS.

The response bias is something that can affect the results. In Kodelgypa,
school classes applied to participate in the program, which can imply that
the schools were more open to technology than others. Additionally, some
of the participating classes were elective technology classes. Participants
from these classes are commonly more interested in technology than the
average teen, and can therefore express a more positive attitude towards the
given activities. In the Tappetina workshop, the participants chose to attend
the workshop voluntarily. Their motivation to learn and attitudes towards

computing might also differ from other teens.

Another limitation is the self-report data that are vulnerable to exaggeration
and memory issues. The results of this study relied on the authenticity and
truthfulness of what the participants stated. In addition to this, results from
this study were mainly correlational, and can therefore be speculative to an

extent.

Lastly, this study did not take into account the participants’ performance in
academics, their developmental levels, their learning skills, their intentions,
nor their own expectations for themselves. These are individual factors that

can be important for how engaged a participant is.
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5.4.3 Future research

This study gives more insight about how inexperienced teens perform in
terms of computational thinking skills, and how we can increase academic
engagement in computational thinking activities with programming. A rec-
ommendation for future work is to address the limitations of this study
and see if the factors apply to other computational thinking activities with
or without programming. Furthermore, each engagement type and factor
that affect the academic engagement can be examined further for increased
awareness of how effective they are, and how much they affect academic
engagement. Testing of the factors over a more extended period in similar
activities can be done to collect knowledge about possible long-term ef-
fects. Another suggestion for further work is to investigate the differences
in academic engagement between dyads and triads in computational think-
ing activities. In addition to this, addressing how efficient the factors are for
a more diverse and larger sample can be done for further insight. Another
suggestion is to consider different contexts, for instance activities in school,

genders, and ages.

5.5 Closing words

Computational thinking can prepare teens for the future by developing and
enhancing unique thinking skills, while academic engagement can deepen
motivation and make students more personally involved in academic work.
Researchers have found that programming can promote the development
of computational thinking, so the choice of this research has been the suc-
cessful visual programming environment Scratch. This study has had in
goal to detect factors that are academically engaging to teens in compu-

tational thinking activities. With observations, artifacts, and self-reports
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through interviews and questionnaires, this research indicates that effective
and active collaborations are essential and uplifting for the teens. Teens
enjoy working together and ending up with a shared product. They seek
for validation and assistance from their peers and teachers. How teach-
ers interact with their students is also proven to have a significant impact
on students’ engagement and willingness to participate. Teachers should
therefore provide tasks and activities to maintain, test, and improve stu-
dent capabilities, in addition to encourage expressions and thoughts, so that
students can experiment and test alternative ideas. This study also reveals
that teens appreciate having the opportunity to personalize, explore, build
on existing knowledge, gain new experience, set goals, and make connec-
tions between their personal values and the associated tasks. In addition to
this, this study provides a mapping of the factors and how they affect the
different constructs of academic engagement, namely the behavioral, emo-
tional, cognitive, or agentic engagement. This research provides additional
awareness about teens’ quality of engagement in computational thinking

activities, which can contribute to deepen participation among teens.

For better or worse, technology’s emerging position in our society will af-
fect humans somehow. Regardless of what we think or feel about it, we
need to decide how we will interact with it. Will we use technology solely
as a tool to simplify processes in our lives, or will we use it to extend our
current capabilities? Will we go from consumers to tool builders? Also,
will we let the technology dictate us, or will we dictate it? The choice is
clear. We need to engage teens to understand that they can benefit more
from technology than they already are, and educational systems should cer-
tainly commit to promoting this through the development of computational
thinking skills. Technology is here to stay, so let us have some fun and

embrace it!
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Appendix A

Consent letter

This consent letter was written and sent out by the professors and researchers
responsible for Kodelgypa at the Norwegian University of Science and
Technology (NTNU). A variant of this consent letter was sent out to the
participants at the Tappetina workshop.

Request for participation in research project -

"'Study in Kodelgypa programming workshop"'

Background and Purpose

Kodelgypa is a one-day workshop program for students in Trondheim, Nor-
way which takes place at the Department of Computer and Information Sci-
ence at NTNU. The main goal of this workshop is to motivate children and
increase their interest in Computer Science. During this workshop, students
are introduced to programming by playfully interacting with robots and cre-

ating a game using the Scratch programming tool. This research project
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aims to evaluate this programming workshop using eye-tracking (e.g., in
wearable goggles format) and data of video recordings to understand the
learning process in a more profound way. Student’s gaze, as in eye move-
ments and pupil dilation, will be recorded while they collaborate within
groups of three to complete the programming tasks. The participants in this
project will be students from schools in Trondheim, Norway, whose teach-
ers/school have applied to attend the Kodelgypa workshops. Kodelgypa
is organized by the Department of Computer and Information Science at
NTNU, and these schools have voluntarily signed up to be a part of the re-
search project. Students attend the workshop as part of a school day, and the
workshop lasts approximately for five hours. Skolelaboratoriet at NTNU is
aresource center for teaching of Science, and they are responsible for send-
ing an open call invitation to schools in Trondheim, Norway to participate
at the Kodelgypa workshops. When the schools are selected, the researcher
(a Ph.D. student at IDI-NTNU) will contact the schools to get the consent
from both the child and the legal guardian. The responsible person for the
project will be an Associate Professor at the Department of Computer and
Information Science (IDI) at NTNU, Trondheim, Norway, a Ph.D. student
at the same institution and a researcher at the Computer-Human Interaction
in Learning and Instruction (CHILI) Lab, Ecole Polytechnique Fédérale de
Lausanne (EPFL), Lausanne, Switzerland, who will visit the department

for the purpose of the study (see general information section).

What does participation in the project imply?

For the purpose of the research project, data will be collected using photos,
video and audio recordings, observations and paper-based questionnaires.
Questions will concern participants’ attitudes toward the programming ex-
perience at the workshop. Additionally, the project will collect physiolog-

ical (eye-tracking) data. The duration of the intervention will be accord-
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ing to the workshop’s activities (two sessions, one approximately one hour
and the second approximately three hours including breaks). The research
project is organized in a way that the students can participate in the work-
shop without participating in the research project. Students’ participation
in the Kodelgypa workshop is their school’s will and part of a school ac-
tivity, but, participation in the research project is optional. More precisely,
participation in the research project is voluntary: Only students who want
to participate will take part, and they can withdraw at any time. If stu-
dent or student’s parents choose not to participate or later withdraw from
the research project, their choice will not affect their participation in the
Kodelgypa workshop and their assessment in school. In that case, none
of the previously mentioned data will be collected, and the student will be
able to attend all the activities of the workshop without any commitment to
the research project. Legal guardians should give their consent on behalf
of the child for participation in the research project and not the Kodelgypa
workshop per se. They can request to see the questionnaire and ask for any

additional information regarding the eye-tracking technique.

What will happen to the information about you?

All personal data will be treated confidentially. Only the project group (see
general information section below) will have access to the personal data.
The list of names of the students will be stored on a computer in a network
with internet access belonging to NTNU, only the project group will have

acCcCess.

We state that the participants will not be recognizable in the publication.
The project is scheduled for completion by 28th of August 2018, then all

data be anonymized.
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Voluntary participation

It is voluntary to participate in the project, and you can at any time choose
to withdraw your consent without stating any reason. If you decide to with-

draw, all your personal data will be made anonymous.

General information-project group

The leader of the project is Michail Giannakos, Associate Professor at De-
partment of Computer and Information Science at NTNU, e-mail:
michailg@ntnu.no, address: Sem Salands vei 9, IT-bygget * 103, phone
number: +47 73593469. Visiting researcher: Kshitij Sharma, Doctoral as-
sistant at Computer-Human Interaction in Learning and Instruction (CHILI)
Lab, Ecole Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzer-
land, e-mail:

kshitij.sharma@epfl.ch

If you would like to participate or if you have any questions concerning
the project, please contact Sofia Papavlasopoulou, a Ph.D. student at the
Department of Computer and Information Science at NTNU, e-mail: spa-
pav@ntnu.no, address: Sem Salands vei 9, IT-bygget * 102, mobile num-
ber: +47 45786588.

The study has been notified to the Data Protection Official for Research,
NSD - Norwegian Centre for Research Data.

Consent for participation in the study

I have received information about the project and am willing to give my

consent for my child’s participation.
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Participant’s name:

(Signed by parent/legal guardian, date)
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Appendix B

Interview questions for Kodelgypa

B.1 English version

General instructions for the interviews

e Search contact with the children for the interviews as soon as possi-
ble when you see that they are finishing up their projects. After the

interviews, they should still have time to play games

e When you start recording at the beginning of the interview, you need
to say: Boy or girl, age, team of two or three, and the indication code
you are using for that child (for example: Zebra group of 2 and then

the “code” you gave to that child, for example, “1” or “name”

e We have only one recorder so, use your phones for recording the

interview (put the microphone as close as possible to record well).

e We have to triangulate the data we collect from the children. Chil-
dren who are interviewed will also fill out questionnaires. Write your

indication of that child in the questionnaire and give it to him or her
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e For the first child you interview, you can hand out the questionnaire
after the interview. For the second child, hand out their questionnaire

before you start interviewing the first child

e You do not have to stay while he or she fills out the questionnaire if
you have an indication of who the child is. Give the questionnaire to
him or her and let him or her fill it out while you continue with the

interviews.
Guidelines for the interviews:

e The goal is that questions lead to detailed answers and not a simple

“Yes” or “No”.

e Also, try to keep the interviews a bit short (I think around 10 min),
SO you can interview as many as possible each workshop (minimum

two children each of the assistants so, minimum six each time).

e Depending on the answers you get, you decide if you have to ask the

sub-questions, otherwise you move to the next one.

e Focus on the learning and creating games with Scratch (they have to
reflect for their games, in that sense that their statements are general
or about specific code elements they used in the Scratch program-

ming environment)

Interview questions

e What did you like/enjoy most during the game creation experience?

e How do you feel about the game creation experience?

(fun/challenging/creative/boring)

e Which difficulties did you face during the game creation experience?
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What do you think was the most difficult part of the game creation

experience?

— Can you mention something specific from your script?

What do you think was the easiest part of the game creation experi-

ence?

— Can you mention something specific from your script?

What frustrated you most? (at the game creation experience and
Scratch)? *

— Can you mention something specific from your script?

What impressed you most? (at the game creation experience and
Scratch)? *

— Can you mention something specific from your script?

Did you feel that you were actively part of the collaboration in the
team during the process?

How do you feel about the collaboration in your team?

— How much do you think you contributed to the team?

— Do you feel that your opinions were taken into account from the

team members?

e Here we expect that the children answer if they were a valuable part

of the team, if they were excluded, if they acted like a leader or not.
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B.2 Norwegian version

Generelle instruksjoner for intervju

e Intervju personer sa fort som mulig etter at gruppen er ferdig med
prosjektet sitt, slik at vedkommende kan dra tilbake og fortsette med

a spille spill etterpa

e Pa starten av intervjuet nar du starter a ta opptaket, si: gutt eller jente,
alder, lag pa to eller tre, og indikasjonskoden du brukte for dette bar-
net (for eksempel: Zebra, gruppe av 2, og den koden du ga barnet,

eksempelvis, "1" eller "navn")

e Vi har bare en opptaker, sa bruk telefonene deres for a ta opp inter-

vjuene (plasser mikrofonen sa neerme som mulig)

e Vi ma matche mest mulig data som vi innhenter fra en person, sa skriv
et number, hans/hennes kallenavn, eller noe annet pa spgrreskjemaet

som personen du har intervjuet mottar

e For den fgrste personen du intervjuer kan du gi spgrreskjemaet pa
slutten av intervjuet, men for det andre barnet, si til han/henne at
han/hun skal fylle ut sitt spgrreskjema og gi det til deg pa starten av

intervjuet

e Du ma ngdvendigvis ikke bli mens han/hun fyller ut spgrreskjemaet.
Hvis du har en indikasjon om hvem vedkommende er, gi spgrreskje-
maet til han/hun og la han/hun fylle det ut mens du intervjuer neste

person
Retningslinjer for intervjuene:

e Milet er at spgrsmalene skal lede til detaljerte svar, ikke enkle "Ja"

og "Nei".
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e Prgv 4 holde intervjuene korte (Rundt 10 minutter), slik at du kan ha

sa mange intervjuer som mulig per workshop (Minimum to stykker

for hver assistent, s minimum seks per gang)

Avhengig av de svarene du far, kan du bestemme selv om du gnsker
a stille sub-spgrsmalene eller om du gnsker a ga videre til neste

spgrsmal

Fokuser pa lering og laging av spill med Scratch (De ma reflektere
over spillene sine, pa en mate at det kan veere bade generell refleksjon

og om de mest viktigste kodelementene de brukte i Scratch)

Intervjuspgrsmal

Hva likte du best ved det a lage spillet?
Hva fgler du om det & lage spill? (Ggy/utfordrende/kreativ/kjedelig)
Hvilke typer utfordringer fikk dere mens dere lagde spillet?
Hva synes du var det vanskeligste med a lage spillet?
— Kan du nevne noe spesifikt fra skriptet/koden deres?
Hva var det enkleste med spillagingen?
— Kan du nevne noe spesifikt fra skriptet/koden deres?

Hva frustrerte deg mest? (Gjelder bade lagingen av spillet og bruken

av Scratch) *
— Kan du nevne noe spesifikt fra skriptet/koden deres?

Hva imponerte deg mest? (Gjelder bade lagingen av spillet og bruken
av Scratch) *

— Kan du nevne noe spesifikt fra skriptet/koden deres?
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e Fglte du at du var en aktiv del av samarbeidet i gruppen mens dere

lagde spill?
e Hva fgler du om samarbeidet i teamet?
— T hvilken grad tror du at du bidro til gruppen?
— Fglte du at meningene dine ble hgrt?

e Her ¢gnsker vi a vite om vedkommende var verdifull for teamet, om

h*n ble ekskludert, om h*n oppferte seg som en leder o.1
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Appendix

Interview questions for Tappetina

C.1 English version

General instructions for the interviews

e Search contact with the children for the interviews as soon as possi-
ble when you see that they are finishing up their projects. After the

interviews, they should still have time to play games

e When you start recording at the beginning of the interview, you need
to say: Boy or girl, age, team of two or three, and the indication code
you are using for that child (for example: Zebra group of 2 and then
the “code” you gave to that child, for example, “1” or “name”)

e We have only one recorder so, use your phones for recording the

interview (put the microphone as close as possible to record well).

e We have to triangulate the data we collect from the children. Chil-
dren who are interviewed will also fill out questionnaires. Write your

indication of that child in the questionnaire and give it to him or her
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e For the first child you interview, you can hand out the questionnaire
after the interview. For the second child, hand out their questionnaire

before you start interviewing the first child

e You do not have to stay while he or she fills out the questionnaire if
you have an indication of who the child is. Give the questionnaire to
him or her and let him or her fill it out while you continue with the

interviews.
Guidelines for the interviews:

e The goal is that questions lead to detailed answers and not a simple

“Yes” or “No”.

e Also, try to keep the interviews a bit short (I think around 10 min),
SO you can interview as many as possible each workshop (minimum

two children each of the assistants so, minimum six each time).

e Depending on the answers you get, you decide if you have to ask the

sub-questions, otherwise you move to the next one.

e Focus on the learning and creating games with Scratch (they have to
reflect for their games, in that sense that their statements are general
or about specific code elements they used in the Scratch program-

ming environment)

Interview questions

e What did you like/enjoy most during the game creation experience?

e How do you feel about the game creation experience?

(fun/challenging/creative/boring)

e Which difficulties did you face during the game creation experience?
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What do you think was the most difficult part of the game creation

experience?
— Can you mention something specific from your script?

What do you think was the easiest part of the game creation experi-

ence?
— Can you mention something specific from your script?

What frustrated you most? (at the game creation experience and
Scratch)? *

— Can you mention something specific from your script?

What impressed you most? (at the game creation experience and
Scratch)? *

— Can you mention something specific from your script?
What difficulties did you face in the sketching part?
What difficulties did you face in the coding part?

What did you have to change during the process that you could do in
paper and not in Scratch?

What could you do in Scratch which you did not think about while
sketching the storyboard (sketching part)?

Did you feel that you were actively part of the collaboration in the

team during the process?
How do you feel about the collaboration in your team?
— How much do you think you contributed in the team?

— Do you feel that your opinions were taken into account from the

team members?
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e Here we expect that the children answer if they were a valuable part

of the team, if they were excluded, if they acted like a leader or not.

e General question: What do you think about environmental issues?

C.2 Norwegian version

Generelle instruksjoner for intervju

e Ta med personen sa fort som mulig etter at gruppen er ferdig med
prosjektet sitt, slik at vedkommende kan dra tilbake og fortsette med

a spille spill etterpa

e Pa starten av intervjuet fgr du starter a ta opptaket, si: gutt eller jente,
alder, lag pa to eller tre, og indikasjonskoden du brukte for dette bar-
net (for eksempel: Zebra, gruppe av 2, og den koden du ga barnet,

eksempelvis, "1" eller "navn")

e Vi har bare en opptaker, sa bruk telefonene deres for a ta opp inter-

vjuene (plasser mikrofonen sa nerme som mulig)

e Vi ma matche sa mye som mulig data som vi innhenter fra en per-
son, sa skriv et number, hans/hennes kallenavn, eller noe annet pa

spgrreskjemaet som personen du har intervjuet mottar

e For den fgrste personen du intervjuer kan du gi spgrreskjemaet pa
slutten av intervjuet, men for det andre barnet, si til han/henne at

han/hun skal fylle ut og gi det til deg pa starten av intervjuet

e Du ma ikke bli mens han/hun fyller ut spgrreskjemaet. Hvis du har
en indikasjon om hvem vedkommende er, gi det til han/hun og la

han/hun fylle det ut mens du intervjuer neste person
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Retningslinjer for intervjuene:

e Milet er at spgrsmalene skal lede til detaljerte svar, ikke enkle "Ja"

og "Nei".

Prgv a holde intervjuene korte (Rundt 10 minutter), slik at du kan ha
sa mange intervjuer som mulig per workshop (Minimum to stykker

for hver assistent, s minimum seks per gang)

Avhengig av de svarene du far, kan du bestemme selv om du gnsker
a stille sub-spgrsmalene eller om du gnsker a ga videre til neste

spgrsmal

Fokuser pa lering og laging av spillet med Scratch (De ma reflektere
over spillene sine, pa en mate at det kan veaere bade generell refleksjon

og de mest viktigste kodelementene de brukte 1 Scratch)

Intervjuspgrsmal

Hva likte du best ved det a lage spillet?
Hva fgler du om det a lage spillet? (Ggy/utfordrende/kreativ/kjedelig)
Hvilke typer utfordringer fikk dere mens dere lagde spillet?
Hva synes du var det vanskeligste med a lage spillet?
— Kan du nevne noe spesifikt fra skriptet/koden deres?
Hva var det enkleste med spillagingen?
— Kan du nevne noe spesifikt fra skriptet/koden deres?

Hva frustrerte deg mest? (Gjelder bade lagingen av spillet og bruken
av Scratch) *

— Kan du nevne noe spesifikt fra skriptet/koden deres?
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Hva imponerte deg mest? (Gjelder bade lagingen av spillet og bruken

av Scratch) *

— Kan du nevne noe spesifikt fra skriptet/koden deres?
Hvilke utfordringer fikk dere under skissedelen av storyboard?
Hvilke utfordringer fikk dere under kodedelen?

Matte dere endre noe i prosessen siden det var noe dere kunne lage

pa papir, men ikke i Scratch?

Hva kunne dere gjgre i Scratch og som dere ikke tenkte pa i skisse-

prosessen da dere lagde storyboardet?

Fglte du at du var en aktiv del av samarbeidet i gruppen mens dere

lagde spill?

Hva fgler du om samarbeidet i teamet?
— T'hvilken grad tror du at du bidro til gruppen?
— Fglte du at meningene dine ble hgrt?

Her gnsker vi a vite om vedkommende var verdifullt for teamet, om

h*n ble ekskludert, om h*n oppfarte seg som en leder o.1

Et generelt spgrsmal: Hva synes du om miljgproblemer?
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Appendix

Dr.Scratch competence levels

CT Concept Null (0) | Basic (1) Developing (2) | Proficiency (3)
Abstraction - More than | Definition of | Use of clones
and problem one script | blocks
decomposition and more
than one
sprite
Parallelism - Two scripts | Two scripts on | Two scripts on
on green | key pressed, | when I receive
flag two scripts on | message, cre-
sprite  clicked | ate clone, two
on the same | scripts when
sprite %s is > s,
two scripts on
when backdrop
change to
Logical think- | - If If else Logic  opera-
ing tions

Table D.1: Competence levels used by Dr.Scratch (Moreno-Le6n et al., 2015)
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CT Concept

Null (0)

Basic (1)

Developing (2)

Proficiency (3)

Synchronization

Wait

Broadcast,

when I receive

Wait
when backdrop

until,

message, stop | change to,
all, stop pro- | broadcast and
gram, stop | wait
programs sprite
Flow control - Sequence of | Repeat, forever | Repeat until
blocks
User Interactiv- | - Green flag Key pressed, | When %s is
ity sprite  clicked, | >%s, video,
ask and wait, | audio
mouse blocks
Data represen- | - Modifiers Operations on | Operations on
tation of  sprites | variables lists

properties

Table D.2: Competence levels used by Dr.Scratch (Moreno-Leén et al., 2015)

(continued)
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Appendix E

Kodelgypa categories for codes

The following tables describe and summarize the codes and categories found
for the Kodelgypa workshop. Codes are first level markings in the data set,
and categories are groups of codes that are related to each other. References
indicate the number of codes belonging to the category, while reference ex-
amples contain one or several quotes from the workshop participants. Some

of the categories do not have belonging subcategories.
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E.1 Collaboration

tion

Name and description References | Reference example(s)

Indication of equal col- | 29 "Someone did something, and the

laboration other did something else", "Every-
one were actively participating"”

My own contribution 29 "[ contributed where I could, and
well, [ think I contributed in a
good way", "l wrote a lot, did a
lot"

Good collaboration 19 "My team member and I got it to
work"

Understanding that the | 15 "If I knew more, I could’ve helped

participant did not do more", "If I was alone I wouldn’t

much manage to do the same"

Leader behavior 14 "Got bored because one person
was working on the computer”,
"The rest of the team wanted the
one who knew about programming
to be the leader"

Collaborating with | 12 "We know each other and we are

friends pretty safe around each other", "It
was fun to create a game with
a friend because it became more
fun”

Distribution of roles "I took one role as a programmer"

Bad collaboration "Bad collaboration when we ar-
gued”

Enjoyment of collabora- | 3 "Enjoyed that we worked together

as a team”, "l really like my team"

Table E.1: Subcategories for collaboration, frequencies and examples
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E.2 Difficulties

Name and description References | Reference example(s)

Hide and movements 22 "Challenging to put together
things to make it move to another
position", "Make the figures hide
when they were hitting the sides"

Debugging and fixing | 18 "Small things broke the game',

code "Put things together in the right
order”

Background, figures and | 13 "Finding the right commands to

graphics get the character to do whatever
we wanted", "We didn’t manage to
make some things as we wanted"

Starting 10 "It was hard because we thought
that something was gonna do that,
but it didn’t", "The difficult part
was to start"

Understanding 8 "Another challenge was to under-
stand how to do thing"

Code blocks 8 "We did not find the right blocks

for the game"”, "If you did some-
thing, it wasn’t always what you

expected"

Life and high score

"Counting points, removing stuff”

Coding

"Since I haven’t coded before,
the coding was challenging”, "It
would be more fun if you know

how to do it"

Table E.2: Subcategories for difficulties, frequencies and examples
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Name and description

References

Reference example(s)

Game planning

7

"Actually realizing the idea was
really challenging”, '"The most
challenging was actually to come

up with a plan for the game"

Jump 5 "We didn’t know how to make the
character jump"”

Challenging in general 5 "It was exciting and challenging"

More time needed "(We) didn’t have enough time"

Coordinates 4 "To write the coordinates, where to
place the figures"

Game creation 3 "Just to understand the program
better. To know what’s what"

Sound and music effects | 3 "Adding sounds was hard"

No difficulties 3 "I felt that there weren’t a lot miss-

ing (In Scratch)”, "It was really
apparent what the bricks were do-

ing

"

Table E.3: Subcategories for difficulties, frequencies and examples
(continued)
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E.3 Out of school experience

Name and description | References | Reference example(s)

General about the | 25 "It was boring to a certain
workshop amount", "Exciting to program
games and robot", "It was in-

teresting to try programming"

Liked to be creative, | 21 "Creating a game exactly how
self-explore we wanted to", "I liked seeing
how things are built up", "To

think for your own"

Former experience 7 "We have done a lot of pro-
gramming with Scratch in
school before", "l haven’t
really used Scratch before,
so that is something new to

me", "l had Scratch earlier in

school"
Liked the coding pro- | 6 "Enjoy to move the figures and
cess fix the code", "I like finding the

bugs in the game"

Table E.4: Subcategories for out of school experience, frequencies and examples
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E4 Easy

Name and description

References

Reference example(s)

Background figures

14

"Creating figures and such was
really easy", "To draw the main
character. That was also the

Sfunniest”

Scratch

12

"It was pretty easy to use
Scratch"”, "How easy it was to

understand"

Scratch movements

12

"Easy to make the obstacles
move", "The movement was

pretty easy too"

Complications  when
someone already knows

coding

"Scratch becomes hard since it
is so easy", "Scratch is easier

for novice users"

Combine the blocks

"The program made specific
things to work really easy", "It
was easy programming because
you had to drag things", "Easy
to put things you wanted to

happen together"

Repeat and forever

"A lot of things were easy. Like

repeat and forever"

Table E.5: Subcategories for out of school experience, frequencies and examples
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E.5 Fun

Name and description | References | Reference example(s)

Fun in general 15 "It was a really fun day"

Fun in Scratch 14 "It was fun to find out how to
put things together”, "Fun to
see the progress in the project,
more fun to decide what they
(figures) should do"

Hard but fun 6 "l thought it was fun to be chal-
lenged"

Achievement 5 "It was fun when things worked
and we thought about things
and they actually worked"

Learn from trials and | 3 "There are a lot of trials and

errors errors when trying to create a
game"

Creativity 2 "It was really fun to make
simulations from Physics that
you see in everyday life (in
Scratch)"

Fun to create a game 1 "l liked most to play the game

afterwards"

Table E.6: Subcategories for fun, frequencies and examples
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E.6 Achievement

Name and description

References

Reference example(s)

Final result

12

"We managed to make a game
in the end, that it became some-
thing", "The result. I didn’t ex-
pect it to be, for me to like it as
much"”, "See when you were fin-
ished and manage to do it. And
play it"

Evolution

11

"I don’t really know where
things are and stuff like that (in
Scratch), but I learned it during
my time here", "We managed to
solve it following the tutorial”,
"We managed to solve the prob-

lems"

Table E.7: Subcategories for achievement, frequencies and examples
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E.7 Scratch potential

Name and description | References | Reference example(s)

Possibilities with | 12 "You can create a game in a

Scratch short amount of time", "Some-
thing so simple can do so
much"”, "Some of the groups
created many different games"

Impressed by the code | 6 "The program impressed me",
(I was impressed) by making
functions work together to cre-
ate a game"

Previous knowledge 3 "It does not really work to cre-

ate a game without knowing
how it works and I understand
how Scratch works compared

to others"

Table E.8: Subcategories for Scratch potential, frequencies and examples
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E.8 Help

Name and description

References

Reference example(s)

Only when needed

6

"Got help to resolve problems"

Frustration

5

"The assistant gave us some
help when we were frustrated",
"It wasn’t frustrating because
we received help almost imme-

diately"

Random

"The tutorial was well written,
someone new to programming
could understand", "The help
we got made it much easier to

see how to do things"

Help in general

"Easy to get help and finish"

Getting help from other

teams

"When we didn’t find anything,

we looked at another group and

saw how they did it"

Table E.9: Subcategories for help,

frequencies and examples
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E.9 Change of perceptions

Name and description

References

Reference example(s)

Expected harder

9

"It looked complicated, even

though it wasn’t", "Scratch

"

wasn’t that hard”, "The pro-

gram was not complicated"

Expected easier

"l thought I did know how to do
it, but I didn’t", "Thought that
it was easier to program, but
it wasn’t", "...About how easy
it looked but also how compli-

cated it was"

Better in general

"l liked that we managed to cre-
ate it (game). Better than I
thought", "I like programming
more now because I know how

it works"

Table E.10: Subcategories for change of perceptions, frequencies and examples
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E.10 Scratch discoveries

Name and description | References | Reference example(s)

Able to say something | 12 "We managed to make the game

from their script play in repeat”, "We used "right
arrow” as it is called to make
it move", "Repeat. Repeat the
code blocks several times"

General about Scratch | 8 "It was really apparent what

the bricks were doing”, "Be
careful when changing things

in the code"

Table E.11: Subcategories for Scratch discoveries, frequencies and examples

E.11 Learning

Name and description | References | Reference example(s)

Learned "something" 8 "The learning process was
good'", "l enjoyed learning new
things", "l liked more that I
learned new things"

Learned about "pro- | 7 "When you have learned some-

gramming" thing, you could use it", "I
learned to program different
stuff”

Learning "instructions" | 3 "l understand if, when, forever

to a certain amount"

Table E.12: Subcategories for learning, frequencies and examples
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E.12 Intention

Name and description | References | Reference example(s)

Intention 4 "I won’t program again"”, "I
think I will try again", "Maybe

I will do it again”

Table E.13: The intention category, frequencies and examples
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Appendix

Tappetina categories for codes

The following tables describe and summarize the codes and categories found
in this study for Tappetina. Codes are first level markings in the data set,
and categories are groups of codes that are related to each other. References
indicate the number of codes belonging to the category, while reference ex-
amples contain one or several quotes from the workshop participants. Some

of the categories do not have belonging subcategories.
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F.1 Difficulties

Name and description

References

Reference example(s)

Difficulties

30

"Things didn’t work like we
wanted (like the timer)", "Hard
to debug", "Sometimes it was
not very easy to find what we
were looking for", "Jumping
was hard", "Difficult to make
things go up and down'", "(It
took) a lot of time to find a new
block"

Mistakes

"We had to redo stuff”, "Things
got deleted", "We erased some-

thing"

Difficult

"(Not everything went so well",
"(It was a) struggle", "Difficult
to do it in the best way"

Table F.1: Subcategories for difficulties, frequencies and examples
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F.2 Emotions

Name and description

References

Reference example(s)

Achievement

15

"When I tried to do it, it touched
a lot of other stuff, so I gave
the task to the other girl", "We
didn’t manage to do every-
thing we thought about", "We
managed to do everything we
drew", "We tried to make things

happen"

Confidence

"I knew more than I thought |
did", "How easy it was", "It
wasn’t complicated to code”, "I
thought it was much harder to

make a game"

Fun

"It was fun to do stuff like

that", "More fun because I

knew more"

Table F.2: Subcategories for emotion, frequencies and examples
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F.3 Scratch

Name and description

References

Reference example(s)

From paper to Scratch

14

"We didn’t have the portal in
the original sketch", "We man-
aged to make everything from
paper to Scratch"”, "(We needed
to) find an idea that wouldn’t be

so hard to create"

Scratch in general

13

"(We used) different bricks to
make a big recipe”, '"Im-
pressed me that we could copy
code blocks and other things",
"Scratch also has a lot of things
you didn’t know you needed",
"Fun to program and stuff", "(It

was) a little complicated"

Table F.3: Subcategories for Scratch, frequencies and examples

170




F.4 Collaboration

Name and description | References | Reference example(s)

Roles in collaboration 12 "Everyone contributed as much
as others", "l decided how
things would look and behave",
"It was hard to finish my task
because they just wanted the
control of the computer back",

"They did not let me try"

Good collaboration 4 "No fights or discussions”,
"Collaboration was  really

good"

Idea creation 5 "We had an idea and we stuck
with it", "I had the idea, and the
rest wanted to join", "We col-
laborated in the poster more",
"I contributed with the idea of

the game"

Bad collaboration 2 "We disagreed with each
other"”, "Not a good collabora-

tion"

Table F.4: Subcategories for collaboration, frequencies and examples

171



F.5 Easy

Name and description

References

Reference example(s)

Easy

16

"(The) easiest was to make
things happen immediately
after clicking the start button”,
"Putting the blocks together”,
"Easy to code ourselves",

"Easy to find what we were

looking for"

Table F.5: The easy category, frequencies and examples

F.6 Environmental issues

Name and description

References

Reference example(s)

Environmental issues

7

"(We) could throw less
garbage", "Animals are dying

because  of  environmental

issues"

Table F.6: The environmental issues category, frequencies and examples
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F.7 Time issues

Name and description

References

Reference example(s)

Time issues

7

"A lot of mess happened be-
cause we didn’t have so much

time left", "Not enough time to

do everything"

Table F.7: The time issues category, frequencies and examples
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Appendix

Themes and belonging code

categories

The following illustration shows the final results of the coding procedure of
interviews. It shows clusters of categories from the Tappetina and Kodelgypa
workshops and their belonging theme. Blue boxes imply categories from
Tappetina, while the orange boxes imply categories from Kodelgypa. The
order of the categories is not significant. In total six themes were generated

from the coding process.
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Appendix H

Results from Kodelgypa

questionnaires
Statement None |1 2-3(4-5|6 or
more
Courses with Scratch, Alice, etc. | 68 18 |11 |2 3

prior workshop*

Table H.1: Frequencies for prior attended visual programming courses

before the Kodelgypa workshop
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Statement 1 |2 |3 (4 |5 |6
Previous experience with pro- | 36 [ 20 | 11 |23 |6 |2
gramming prior workshop

Felt part of a learning community | O 1 7 12 | 10 | 16 | 58
in my group

Actively exchanged my ideas | 0 1 2 |5 15 | 23 | 58
with group members

Able to develop new skills and | 3 3 12 |7 |26 |22 |29
knowledge from other members

in my group

Collaborative learning in my |3 |3 |6 (9 |18 |19 |44
group was effective

Overall satisfied with my collabo- | 0 |2 |3 10 | 10 | 26 | 52

rative learning in this course

Table H.2: Frequencies for Likert scores given during the Kodelgypa workshop
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|Appendix I

Results from Tappetina

questionnaires
Statement None 2-3(4-5|6 or
more
Courses with Scratch, Alice, etc. | 4 2 0 0

prior workshop*

Table I.1: Frequencies for prior attended visual programming courses

before the Tappetina workshop
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Statement

Previous experience with pro-

gramming prior Tappetina

Satisfied with coding

Pleased with coding

My decision to attend coding ac-

tivities 1S a wise one

I intend to attend coding activities

in the future

My general intention to attend
coding activities in the future is

very high

Table 1.2: Frequencies for Likert scores given during the Tappetina workshop

Statement

I will regularly attend similar coding

activities in the future

I will think about attending similar

coding activities

Coding is easy

I find coding flexible

The process of coding is clear and

understandable

It is easy for me to attain skills with

coding

Attending coding activities is enjoy-
able

Table 1.3: Frequencies for Likert scores given during
the Tappetina workshop (continued)
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Statement

Attending coding activities is excit-

ing

o

[\

—

I am feeling good with coding

Attending coding activities is boring

I find coding useful

Coding activities improve my perfor-

mance in coding
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Coding activities enhance the effec-

tiveness in coding

Coding activities increase my capa-

bilities in coding

Being involved with coding I per-

form better than the acceptable level

Being involved with coding I per-
form better than can be expected

from me

Being involved with coding I put in

extra effort in my work

Being involved with coding I expend
a great deal of effort carrying out my

work

Being involved with coding I try to

learn as more as possible

Being involved with coding the qual-

ity of my learning is top-notch

Table 1.4: Frequencies for Likert scores given during
the Tappetina workshop (continued)

180



	Abstract
	Sammendrag

