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Abstract (English)

The next generation of jobs will be characterized by an increased demand for people with computa-
tional and problem-solving skills. In Europe and especially in Austria, there is a demand for software
developer experts as there is a widening skill gap in digital know-how and Information and Commu-
nication Technologies (ICT), where an increasing number of jobs remain unfilled. As a solution, the
governments see a chance in supporting students early on in secondary schools and teaching them
"digital skills". However, computer science topics are underrepresented in school curricula, hence
teaching time for these topics is limited. From elementary through secondary school, only a few
opportunities exist for young students to explore coding and today’s teachers have seldom a training
in computer science. Game design activities and Game Development-Based Learning (GDBL) po-
tentially provide engaging, goal-oriented, and creative experiences in classes; in this way, GDBL is
used to support the construction and transfer of knowledge in a fun and pedagogic manner. Learning
theories, for example Constructionism emphasize the importance of intrinsic and extrinsic motivators
in curricula, and games are a promising way to provide both while constructing the game and present-
ing or sharing it in public or with a community. New technologies and the emerging mobile gaming
sector further the case that learning should be promoted everywhere and anytime. What seems to be
a promising opportunity for all students to learn (mobile) coding in an entertaining way raises the
question of whether such game based concepts also help to fix the gender gap of women in IT related
fields.

Half of the working population in developed countries consists of women, but the number of women
in IT disciplines is far below the number of men, especially in developed countries and across all
academic levels. On the one hand, the gender disparity in technology fields is wide and deep and is a
serious problem, especially at U.S., Australian, European, and Asian universities and companies that
specialize in IT. On the other hand, studies show that companies with diverse employees and teams
are more innovative and have a better financial performance than those that do not. Thus, to encourage
more women to study these disciplines and apply for jobs in these fields is highly desirable. Women
already earn about half of all university degrees, but this number include physiology or sociology,
or in STEM (Science, Technology, Engineering, and Math) disciplines, biomedical engineering or
architecture, which are all already more female-dominated disciplines. The real problem exists in
computer science, where the percentage of female graduates has slipped every year. Middle-school
girls appear to be engaged in coding courses but when they choose their future careers, only a small
percentage of female teenagers plan to pursue IT as a major. Gender differences in interest, self-
belonging, and self-efficacy towards ICT are already present in students aged 12 to 15 years. By
summarizing all the obstacles that may seem to influence female teenagers in their career decisions,
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their differences and deficits in these fields become apparent. Literature and researchers argue that the
existing male stereotypes, preconceptions, the male dominated tech sector/gaming industry, gender
inequality in education, the absence of female role models and mentors, and moreover, girls’ presumed
deficits, like low tech affinity, interests, and experiences in tech, are all reasons that lead to that gender
gap in ICT. Most of these factors have caused a serious impact on the self-confidence of girls, the
result being a construction of the stereotypical helpless, uninterested, and unhappy “Girl in Tech”,
which is even more terrifying to confirm than the male, geeky, nerdy counterpart is. Thus, female
teenagers think they must be brilliant or hyper-intelligent and not motivated, interested, and focused
to succeed in those fields.

To address this gender bias which is already present at an early stage, a goal of the European
H2020 project “No One Left Behind” (NOLB) was to integrate Pocket Code, an app developed at
Graz University of Technology (TU Graz), into different school subjects, thus making coding more
accessible and attractive to (female) students. During the period of this project (2015-2017), teachers
were supported to guide and assist their students in the learning processes by constructing ideas and
realizing them through game design. Pocket Code helped students to take control of their own learning
and to become more engaged and empowered as a result. Data were collected over a period of two
years through questionnaires, interviews, focus group discussions, and data tracking within the app,
as well as analysis of submitted programs according to game design and learning goal achievement.
The results let the researchers conclude that the organization, and the setting of the coding courses
(for example, guidance and supporting material, freedom of choice) had much more influence on
female students’ engagement than the game design/coding aspects or the app itself. In contrast, male
students more frequently mentioned missing features in the app, and stated that learning coding was
important. The program’s analysis showed commonly used design patterns by genders; whether or
not the learning goal had been achieved was significantly dependent on girls’ different grades, group
constellations, and the teaching approach used in the lesson.

After the NOLB project, the author focused on 1) the conception of a model for a more gender
equal classroom setting for inclusive coding activities, and on 2) the development of a new version
of Pocket Code with the aim to specifically attract female teenagers. The developed PECC model
— a framework and guidelines for Playing, Engagement, Creativity, and Coding — does not only
suggest an optimal starting point for (female) teenagers (e.g., to promote job clarity, make women in
IT that succeed and enjoy their work more visible), but also fosters the construction of knowledge in
a creative, gender-sensitive, and non-competitive environment. The PECC model has been tested and
evaluated, e.g., in regard to girls’ intrinsic motivation (interest, self-efficacy, sense of belonging, and
fun) and the achievement of the learning goal. Although the sample size was this time very small, the
numbers showed a positive trend in that girls felt more engaged. The newly Luna&Cat app integrated
the results of focus group discussions and featured games that have been developed together with
design students from the degree program “Industrial Design” at the University of Applied Sciences in
Graz(FH Joanneum). As a practical output for this thesis, the app is available as a closed beta version
on the Google Play store, and user tests in girls-only PECC environments will be conducted during
the "Girls Coding Week" at TU Graz in August 2018.




Abstract (German)

Die Jobs der Zukunft sind weitreichend digital und vernetzt und die Nachfrage nach Arbeitskriften
mit “Computational Thinking Skills” und Problemlosungskompetenzen steigt stetig. In Europa und
speziell in Osterreich besteht ein besonderer Bedarf an Softwareentwickler_innen und Expert_innen.
Immer mehr Arbeitsplitze bleiben unbesetzt und die Qualifikationsliicken im Bereich des digitalen
Know-hows und der Informations- und Kommunikationstechnologien (IKT) vergroBern sich. Ein Lo-
sungsvorschlag der Regierung ist, digitale Kompetenzen frithzeitig an Schiiler_innen zu vermitteln.
Informatik ist im Lehrplan jedoch noch immer unterreprisentiert und die Unterrichtszeit fiir diese
Themen ist begrenzt. Von der Grundschule bis zur Sekundarstufe gibt es nur wenige Mdoglichkeiten
fiir Schiiler_innen Programmieren zu erlernen. Hinzu kommt, dass das Lehrpersonal selbst nur selten
eine technische Ausbildung absolviert hat. Game Design Aktivititen und Game Development-Based
Learning (GDBL) bieten interessante, zielorientierte und kreative Moglichkeiten fiir den Unterricht.
GDBL unterstiitzt zum Beispiel auf diese Weise die Konstruktion und den Transfer von Wissen in
einer unterhaltsamen und piadagogischen wertvollen Weise. Viele Lerntheorien, wie der Konstruk-
tionismus betonen bereits die Bedeutung intrinsischer und extrinsischer Motivatoren in Lehrpldnen,
und Spiele sind ein erfolgsversprechender Weg die Motivation von Schiiler_innen zu erhdhen. Spiele
konnen so gemeinsam konstruiert, in der Offentlichkeit priisentiert oder mit einer Community geteilt
werden. Neue Technologien und der stetig wachsende mobile Gaming-Sektor férdern den Trend, Ler-
nen iiberall und jederzeit zu ermoglichen. Das Entwickeln von Spielen bietet fiir alle Schiiler_innen
eine vielversprechende Chance, Programmieren auf einer unterhaltsame Weise zu lernen. Diese posi-
tive Ausgangslage wirft die Frage auf, ob solche spielbasierten Konzepte ebenso dazu beitragen, den
Gender-Gap von Frauen in den Bereichen der IKT aufzuheben.

Die Hilfte der erwerbstitigen Bevolkerung in den Industrieldndern sind Frauen, aber nur knapp ein
Fiinftel der Arbeitskrifte in der Informatik ist weiblich. Diese Geschlechterdisparitit in den Technolo-
giebereichen ist ein ernstzunehmendes Problem in technisch spezialisierten Unternehmen aber auch
bereits an technischen Universititslehrgéngen. Dies ist vor allem in der USA, Australien, Europa und
Asien sichtbar, obwohl Studien zeigen, dass Unternehmen mit vielféltigen Arbeitskriften, welche in
Fiithrungspositionen und Teams involviert werden, innovativer sind und bessere Geschiftsergebnisse
erzielen. Daher ist es sehr erstrebenswert mehr Frauen zu ermutigen ein [T-affines Studium zu wéhlen
und sich auf technische Stellen zu bewerben. Frauen tragen bereits etwa zur Hilfte aller Univer-
sitdtsabschliisse bei. Diese Zahl umfasst aber vor allem Abschliisse in eher weiblich dominierten Stu-
diengédngen, wie Psychologie und Soziologie, sowie spezielle Bereiche innerhalb der MINT-Fécher
(Mathematik, Informatik, Naturwissenschaften und Technik), wie Biomedical Engineering oder Ar-
chitektur. Das eigentliche Problem liegt im Bereich der Informatik wo der Anteil der weiblichen An-




fangerinnen und Absolventinnen jedes Jahr sinkt. Wihrend sich Médchen in Unterstufe noch gerne
mit Programmieraufgaben beschiftigen, sind es spiter nur noch wenige, die Informatik als Studien-
richtung und Basis fiir ihre weitere Karriere wéahlen. Geschlechterspezifische Unterschiede in Bezug
auf Interesse, Zugehorigkeitsgefiihl und Selbstwirksamkeit sind bereits bei Schiiler_innen im Alter
von 12 bis 15 Jahren in Informatik sichtbar. Eine Analyse aller Schwierigkeiten mit denen Teenagerin-
nen konfrontiert sein konnen, verdeutlichen diese Probleme. Die Literatur und Forscher_innen argu-
mentieren, dass folgende Faktoren junge Frauen in ihrer Berufswahl beeinflussen: ménnliche Stereo-
typen, Vorurteile gegeniiber dem Berufsfeld Informatik, dem minnlich dominierten Technologie-
Sektor beziehungsweise die Gaming-Industrie, eine Ungleichbehandlung in der Bildung, das Fehlen
von weiblichen Vorbildern und Mentorinnen, sowie angenommene Defizite von Midchen, wie eine
geringere technische Affinitdt oder weniger Erfahrung und ein Desinteresse fiir technische Bereiche.
All diese Faktoren beeintrdchtigen das Selbstvertrauen der Midchen stark. Das Ergebnis ist eine
Konstruktion des stereotypischen, hilflosen, desinteressierten und ungliicklichen "Médchens in der
Technik". Diesen Stereotypen gerecht zu werden scheint noch beidngstigender als das ménnliche
“nerdige” Gegenstiick. Viele Teenagerinnen glauben, dass sie hyperintelligent sein miissen, um in
der Informatik erfolgreich zu sein und nicht, dass eher Eigenschaften wie Motivation, Interesse und
Fokussierung auch zielfithrend sein konnen.

Um diesen bereits frith manifestierten Stereotypen in der Informatik entgegenzuwirken, wurde das
EU H2020 Projekt “No One Left Behind” (NOLB) ins Leben gerufen. Ziel dieses Projekts war es, das
Lerntool Pocket Code, eine an der TU Graz entwickelte App, in verschiedene Schulficher zu integri-
eren und so Programmieren allen Schiiler_innen zugénglich zu machen. Lehrende wurden dabei un-
terstiitzt, dass Schiiler_innen Ideen entwickeln und selbst Spiele verwirklichen konnten. Pocket Code
half Schiiler_innen dabei ihren Lernprozess selbst zu steuern, sie besser in den Unterricht einzubinden
und sie somit zu stirken. Daten wurden iiber einen Zeitraum von zwei Jahren (2015-2017) durch
Fragebogen, Interviews, Fokusgruppendiskussionen und das Tracking von Events innerhalb der App
erhoben. Des Weiteren wurde eine Analyse der eingereichten Programme nach ihrem Spieldesign
und der Lernzielerreichung durchgefiihrt (das Lernziel wurde individuell von den jeweiligen Lehrper-
sonen definiert). Die Daten lassen darauf schliefen, dass die Organisation und Durchfiihrung von
Programmierkursen (zum Beispiel Anwesenheit von Mentor_innen, Hilfe durch unterstiitzendes Ma-
terial, Freiheiten in der Spielentwicklung, etc.) viel mehr Einfluss vor allem auf das Engagement der
Schiilerinnen hatten, als die Programmierung oder die verwendete Programmiersoftware selbst. Im
Gegensatz dazu gaben ménnliche Schiiler hiufiger fehlende Funktionen in der App an und wiesen da-
rauf hin, dass das Lernen von Programmieren wichtig fiir sie sei. Die Analyse der Programme zeigte
unterschiedliche Designmuster von Schiiler und Schiilerinnen, aber keine Unterschiede im Program-
maufbau. Des Weiteren hiingt eine erfolgreiche Lernzielerreichung bei Schiilerinnen signifikant von
den Schulstufen in denen Pocket Code verwendet wurde, der Gruppenkonstellation und dem verwen-
deten Unterrichtskonzept (Templates vs. Learning-by-doing) ab.

Nach der Umsetzung des NOLB-Projektes und der Analyse der daraus gewonnen Erkenntnisse,
konzentrierte sich die Autorin erstens auf die Konzeption eines Modells fiir eine geschlechtergerechtere
Unterrichtsumgebung fiir Progammieraktivititen und zweitens auf die Entwicklung einer eigenen Ver-
sion von Pocket Code, welche speziell Teenagerinnen ansprechen soll. Das entwickelte PECC-Modell
— ein Framework und Guidelines fiir Playing, Engagement, Creativity und Coding — beinhaltet
zum Beispiel die Schaffung eines gemeinsamen Ausgangspunktes fiir alle Schiiler_innen (z.B. IT
Jobs definieren, Frauen aufzuzeigen, die in der Informatik erfolgreich sind und ihre Arbeit sichtbarer
zu machen) und fordert auch die Konstruktion von Wissen in einem kreativen, geschlechtersensi-
blen und nicht wettbewerbsorientierten Umfeld. Das PECC-Modell wurde getestet und bewertet,
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zum Beispiel der Einfluss auf extrinsische und intrinsische Motivatoren (Interesse, Selbstwirksamkeit,
Zugehorigkeitsgefiihl und SpaB) und auf die Erreichung des Lernzieles. Die Auswertung der Ergeb-
nisse zeigen einen positiven Trend und ein gesteigertes Engagement von Médchen unter Verwendung
eines PECC Ansatzes. Die neu entwickelte Pocket Code Variante Luna&Cat beinhaltet die Ergeb-
nisse aus dem Fokusgruppendiskussionen und zeigt als Beispielprojekte Spiele, die gemeinsam mit
der Fokusgruppe und Studierenden aus dem Studiengang “Industrial Design” (Fachhochschule Joan-
neum) entwickelt wurden. Als praktisches Ergebnis dieser Arbeit steht die App als “closed” Beta-
Version im Google Play Store zur Verfiigung. In weiterer Folge ist bereits im August 2018 geplant,
erste Tests mit der App in einer “Girls-only” PECC-Umgebung im Zuge einer aullerschulische “Girls
Coding Week” durchzufiihren.
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Chapter

Introduction

“One thing I always tell young girls: Never let anybody tell you you can’t do it. Grow-
ing up, they’d look at me like, Really? Even when I did my college visit, I had someone
tell me most people change their minds after the first year. I never gave up. Even when
I was having teachers tell me, just take a break from math, you can take this class next
year. I said, ‘No, I'm going to take it now.” I kept pushing for it.”

Michelle Haupt, Operations Engineer at NASA

The percentages of female university students in ICT (Information and Communication Technol-
ogy) fields in Austria currently varies between 4% to 20%, with percentages dropping faster for fe-
male students over the number of their study years compared to male students, and also cumulatively
have dropped more for female computer science students over the last 30 years (Binder et al., [2017;
Schipfer, 2005). In contrast, job prospects in the ICT sector are great and will most likely become
even better in the future (Cuff] 2015} Sangra and Gonzralez-Sanmamed, [2010; [James et al., [2013]).
Unfortunately, there is also an increasingly unsatisfiable demand for ICT personnel from the indus-
try, in particular for software developers (World Economic Forum, 2016). Over the next few years,
students born during the years with low birth rates of 1990-2010 will graduate from high school, thus
entering their professional careers or universities. Those will not replace the people retiring (Popula-
tionPyramid.Net, [2018]). At the same time, the demand for IT professionals will be increasing with
a dramatic impact on the industrial and economic world. To counteract this, it is necessary to inspire
young people, especially young women, and make IT more accessible and attractive for them.

The number of women in technical fields is far below the average number of males, especially
in developed countries (Lamborelle and Fernandez, |2016; I'T Manager Daily, [2018; NCWIT, [2015]).
Gender differences in STEM are already present in secondary schools in students aged between 12 to
15 years (Sadler et al.l 2012 [T'san et al., 2016; RTE, 2016} |Cukier et al., 2002 \Gabay-Egozi et al.,
2015 [Khan and Luxton-Reilly, 2016; [Zagami et al., [2015; Beyer et al., [2003; |Unfried et al., [2015;
Mann and Diprete}, [2013}; Ko and Davis, 2017). Adolescence is a critical time for identity formation,
and self-attributes are a source for internal conflicts, especially for female teenagers (Charles and
Bradley, 2009; Vervecken et al., 2013 Vervecken and Hannover, 2015} (Carter, 2006; /Appianing and
Eckl 2015). It is during this intermediate female adolescence that girls begin to make critical career
choices, which therefore makes this a key age to reinforce them and reduce the gender disparities in
ICT. Their feelings of belonging and self-efficacy can be particularly influential in girls’ interests and
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motivations (Stout and Camp)} [2014}; |Baumeister and Leary, |1995; Walton and Cohenl 2007} |Veilleux
et al.l 2013} Master et al [2016). Therefore, the challenge is to close the gender gap that already can
be seen in students of lower grades. Although significant efforts in getting more women in the IT
sector are underway, the number of women who are enrolling in higher education is still very low and
they are still underrepresented.

Acquiring computational thinking skills (Wing| [2006; |Kahn| [2017; [Tedre and Denning| |2016; Man-
nila et al.|[2014), particularly coding, is of great importance to building a positive economic, develop-
mental, and innovative future. Following a constructionist approach (Papertl [1985| [1993}; |Papert and
Harel, 1991} Xinogalos et al., [2006)), computational thinking skills also constitute an important part
of general knowledge for all human beings from a philosophical point of view, since they allow us
to understand the foundations of rational thought in a clear, easily understandable, but also inspiring
and challenging way. Society and government should thus aim at allowing the female half of the
adolescents to equally acquire these skills. The author believes that such goals can contribute in a
meaningful, effective, and long-term way to this worthwhile endeavor.

To address this gender bias, one of the goals of the European H2020 project No One Left Behind
(NOLB) included integrating the educational tool Pocket Code, a free open source app developed
by the non-profit project Catrobat, at Graz University of Technology in Austria, into different school
lessons (Spieler et al.l 2017). Through games, Pocket Code allows teenage girls to incorporate di-
versity and inclusiveness, as well as the ability to reflect their cultural identity, their emotions, their
likes, and their ways of interacting and thinking. Through sharing those games — in and out of the
classroom — the gender biases are not simply changing but being broken down in response to the
variety and diversity of girls. With this approach, Pocket Code supports participative user experience
design and coding.

To evaluate the impact of the use of the app in these courses, results were captured on engaging
girls in design and coding activities and a plan was formed on how to customize the app to implement
their needs efficiently. In these studies, both quantitative and qualitative methods were used. Three
types of data have been collected: 1) surveys conducted at different times during the cycles, 2) focus
group discussions, interviews and on-site observations, and 3) analysis of created programs (game
design elements, data tracking during coding resulting in behavioral analysis). Since the research area
of the NOLB project was very broad and multi-disciplinary, the research scope of this thesis has to
be narrowed down to tools developed and tested in Austria, as well to the Austrian pilot study and
the related research questions. Therefore, this thesis primarily focuses on accomplishments related to
female students.

After the NOLB project, the author continued working on the Catrobat project with schools, and
especially with female teenagers, to meet the goal of exploring new ways to optimize the coding activ-
ities and the app Pocket Code for girls. The author assumed that it is possible to spark girls’ attention
in coding by getting them engaged in computational thinking through collaborative, creative, and en-
gaging coding activities. By teaching young women the fundamental principles of coding, showing
them a realistic picture of the people and the work in IT professions, and building a safe environment
that provides room for self-expression, they get the chance to decide for themselves whether it awak-
ens their interest. In that way coding should not be something intangible and mysterious, but a new
opportunity for their lives and future career. It is essential to examine the reasons that decrease female
teenagers’ interest in pursuing computer science as a major in order to to mitigate these causes.
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This statement reflects preconceptions from society:

“Female teenagers do not play games, they know nothing about coding, and most of
all, they have no interest in learning how to code, and do not even think of a career in IT
fields.”

Literature and researchers are arguing that such statements and stereotypes influence the opinions
of people who work in IT fields (Cheryan et al.l 2013} Bartilla and Koppe, 2016 Stout et al., 2011}
Gabay-Egozi et al., 2015; |Vervecken and Hannover, 2012; |Master et al., 2016; |Cheryan et al., 2015,
2009; Matlin, [1999). However, there also exists a stereotypical counterpart for girls and women in
IT which is pictured in the summary of the literature review chapter Furthermore, it is still true
that young women who decide to enter the computer science“pipeline” are still pioneers and token
women who have to fight against prejudices. The world would be a much nicer place if women in tech
would be seen as role models, mentors, or simply experts in their field. Therefore, the goal of this
doctoral thesis was first to examine possible factors that discourage female students in coding classes,
to further analyze suitable learning conditions, and finally, to investigate girls’ coding and playing
behavior. As a result, the author developed first a new framework, called PECC — a model for Play-
ing, Engagement, Creativity, and Coding, — and thus created guidelines for gender unbiased coding
workshops. The related guidelines should help to increase girls’ expectations for success in coding
and their value in their programs, as well as the extent of the support they receive. By considering
the diversity of users and their different levels of experience, the author aims at mitigating built-in
assumptions about young female developers as well teachers and facilitators so they can create more
inclusive and broadly appealing services and courses. Furthermore, the PECC model has been evalu-
ated to show how it can be incorporated in a computer science lesson with the purpose of measuring
girls’ intrinsic motivation for such courses in terms of interest, self-efficacy, sense of belonging, fun,
and also performance (learning goal achievement). Third, a new flavored version of Pocket Code
has been developed which specifically targets our female teenager community; in regard to PECC, it
does so through playing games and game design, engagement through gender sensibility and aware-
ness, creativity with allowing personalization and customization, and coding by problem-based and
interdisciplinary project work to foster self-directed learning and self-expression.

The findings of the thesis suggest the best situations in which girls enjoy coding and are intrinsi-
cally motivated and interested and thus, either tend to reach the learning goal more properly or have
more positive feelings and realistic perceptions toward IT. This thesis should show the ways in which
computer science education can make advances in addressing this gender gap in the future.

1.1. Motivation

The motivation to write this doctoral thesis resulted from the author’s idea to provide better experi-
ences for female students in coding activities. Studying computer science was also not the authors’
first choice, but the subject was inherently connected with many positive feelings and the author’s
self-efficacy.

A number of girls-only initiatives as well as clubs, courses, and workshops for girls aim to en-
courage young females to get involved in coding by applying a collaborative, creative, and playful
gaming approach (Paderewski et al., 2015; Hulsey et al., 2014 McLean and Harlow, |2017; |Denner
et al., 20055 [El-Nasr et al., |2007; Subsol, [2005)). Many different methods and frameworks with differ-
ent characteristics and goals are meant for different levels of education or target different age groups
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of female students (Wu and Wang|, 2012} Kangas, [2010). Various conferences and workshops have
been organized around the topic of game-based learning and gamification (e.g., ECGBIEI, GWCﬂ or
serious play event but many of them miss the opportunity to set a focus on gender or diversity in
game creation or requirements for a suitable classroom setting. For example, gender is often only
a small conference track or not even a track or topic at all in such communities. Thus, they miss
the opportunity to include more gender sensitivity and a diverse target group in these research areas.
Although a great deal of literature in areas of games and learning exists, only a small share includes
gender and diversity, and further, only a few conferences (e.g., Gender&ITEb or journals (e.g., Gender
and EducatiorE]) exist which focus on this issue in particular. Many publications about girls and tech
present local projects (e.g., school projects, girls-only initiatives) and most try to explain the gender
gap in IT by presenting numbers or reasons through interviews and questionnaires. Only a few focus
on the concept of generating a more gender sensitive and aware setting in CS at all (Margolis et al.,
1999; [Bosch et al., [2014; (Carter, [2006). The gender gap in IT is a worldwide phenomenon and girls-
only programs performed in the past already considered most of the promising strategies to engage
female teenagers in coding (Milgraml 201 1; |Gorriz and Medina, 2000; Giannakos et al., 2014;[Zagami
et al., 2015} [Lewis, 2007) but provided no scale of long term effect to address the overall problem of
low participation of females in computer science. The literature concluded that a range of strategies
are necessary to address female underrepresentation. Seeing computer science as a male dominated
culture (Gabay-Egozi et al., 2015), women in the future have to evaluate their options: they either fit
into this domain, or try to reshape the domain itself (Trauth et al., 2004)).

Despite this fact, hardly any studies exist which focus on providing a framework that helps all
students feel engaged in coding activities with a focus on intrinsic and extrinsic motivators or gender
and diversity. Furthermore, there is the need to take into account components that foster inclusion
(gender-sensitivity and awareness). Warm-ups and unplugged coding activities or instructions about
principles of game design/elements can create more equal starting conditions to be creative, while
repetition and discussions ensure an open environment with mutual understanding and engagement in
every step of the course.

'"ECGBL.: https://www.academic-conferences.org/conferences/ecgbl/

2GWC: http://www.gwc-conference.com/

3Serious play: https://seriousplayconf.com/

4Gender&IT: https://www.gender-wissen-informatik.com/Conference

3Gender and Education: http://www.genderandeducation.com/about/gender-and-education-journal-editors/
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1.2. Research Objectives

Essentially, the fundamental goal of this thesis was to answer the following research questions:

Research Question 1 (RQ1):

How can we organize playful, engaging, and creative coding activities to reinforce female
teenagers in computer science?

Research Question 2 (RQ2):

Do girls-only PECC activities have a positive influence in girls’ performance and intrin-
sic motivation in regard to coding?

Research Question 3 (RQ3):

What customizations are necessary in the Pocket Code tool to foster female teenagers for
PECC activities?

This thesis is organized as follows: Chapter [2] provides a literature review and is divided into four
parts. First, the thesis covers Computer Science (CS) education and learning theories with a focus on
the constructionist theory and trends. Second, games and learning are discussed in reference to gaming
elements, game design, and game-based learning theories. Third, statistics and facts are given about
women in tech, which covers all levels from the industry to university and primary and secondary
education. Fourth, the diverse reasons for and solutions on how to close the gender gap are noted
in the last part of this chapter. This should suggest optimal conditions from the literature on how to
conduct coding workshops and how to use the app Pocket Code to spark female students’ interests for
IT. Subsequently, Chapter [3| presents the app and the related NOLB project. Chapter [ presents the
evaluation of NOLB activities related to Austria and female teenagers; the author provides results in
Chapter 5| relating to the PECC model, its evaluation, and “Luna&Cat”, a Pocket Code flavor to target
female teenagers, and discusses the results at the end of this Chapter. Chapter [f] concludes this thesis
and describes the author’s future work. Figure displays a picture of the thesis and the relation of
the different contents.
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Figure 1.1.: Content of the thesis “Development and Evaluation of Concepts and Tools to Reinforce
Gender Equality by Engaging Female Teenagers in Coding”




Chapter

Literature Review and Background

Knowledge in Computer Science (CS) is essential, and industries have increased their demand for
professionals that have technical experience. The next generation of jobs will be characterized by new
standards requiring employees with computational and problem solving skills in all areas, even if they
are not actual technicians (Balanskat and Engelhardt, [2015). The most requested job positions are
currently for software engineers, UX designers, data scientists, or analytic managers (Merritl [2017)).
However, the number of young people, and women in particular, choosing to study and work in Infor-
mation and Communication Technology (ICT) fields is decreasing dramatically (NCWIT, 2015} IT
Manager Daily, [2018};|[European Commission [2],2016)). Consequently, the industry is not keeping up
with the growing demand for highly skilled IT professionals (Lamborelle and Fernandez, 2016)). In
the last decade, European technology employment has grown three times faster than all employment
in total. The continuous improvements of technology and the numerous advancements in industrial
processes made it possible to develop autonomous vehicles, robotics, 3D printing, genetic diagnos-
tics, or Internet of Things (IoT) technologies. These things are already part of everyday life, and there
is a corresponding growing worldwide need for qualified scientists, engineers, and technicians of all
genders. According to the European Commission, Europe may face significant shortages of up to
900,000 skilled laborers in ICT by 2020 (Lamborelle and Fernandez, 2016} |Spiegel, 2010). Further-
more, it is mentioned that if there were as many women as men in the digital labor market, the EU’s
annual BIP could increase by 9 billion euros. Bridging the gender gap will contribute to addressing
the problem, but a large-scale method to engage adolescents in ICT in a more comprehensive way is
needed (Schipfer, 2005).

For these reasons, society and governments have mandated that students should acquire computing
and coding skills (Balanskat and Engelhardt, 2015), or even a new way of (critical) thinking and
problem solving skills (Wing}, [2006; Kahn, 2017 [Tedre and Denning), [2016)). Several countries in
Europe and worldwide have integrated the ideas of teaching these summarized as Computational
Thinking (CT) skills in their curricula from kindergarten to secondary education but have not provided
an official and applicable solution for these issues at all (see next section). Presenting CS as a range of
diverse skills which can be taught by adapting gaming concepts for academic purposes is a generally
accepted and applied concept (Paderewski et al., 2015} Hulsey et al.,2014; McLean and Harlow, 2017}
Denner et al., [2005; |[EI-Nasr et al., 2007). Thus, a gamified concept should hold learners’ focuses to
actively participate by activating intrinsic and extrinsic motivators (Ryan and Deci, 2000).
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Recent numbers gathered by the video game industry in Europe (Global Games Market Report,
2016; James et al., 2013)) and selected statistics from all over the world (Entertainment Software As-
sociation, 2016} [Law et al., 2017) show that playing games is a popular leisure activity for the new
generation of digital natives. Games can be played everywhere, even on smartphones, tablets, and
other digital devices. Moreover, the mobile game market continues to grow faster than other game
industries, e.g., the number of game apps on Google Play grew by 28% in 2017 (Jinglil, 2017} Taka-
hashi, 2017). However, such concepts follow a relatively old idea, inspired by Piaget’s Constructivism
theory 1948 (Piaget and Inhelder, |1967), starting with first computer programming courses at MIT in
1962 (Greenberger, |1962), and refined with Papert’s Constructionism concept in 1980 (Papert, |1985]).
Since then, different approaches were used to motivate students for CS, e.g., teachers letting students
play games to improve their participation (Game-Based Learning: GBL), or students being required
to modify or develop a game by themselves (Game Development-Based Learning: GDBL) (Wu and
Wang, 2012). Games can be presented in playful environments to provide an authentic context in
which technical subjects can be fully situated rather than just being taught.

Secondary school is the place where students must make the critical choices which decide their
future careers, develop a more realistic picture of their future jobs, and assess their career-relevant
abilities (Charles and Bradley, 2009). The assumptions about why female teenagers seem to be less
interested in ICT have not changed significantly in the last several decades. The literature is full
of findings that document women’s low experience levels towards computer sciences, their negative
attitudes, and their fear of failure in computer science subjects compared to their male colleagues.
Thus, the research focuses on female deficits in ICT, but it is more favorable to allow a diverse range
of outcomes and include the possibility of different understandings of the discipline.

To provide a clearer image of all the issues that emerged, the first part of the literature review (see
Section [2.T]and Section [2.2)) summarizes the whole “coding, games and learning” topic by presenting
first worldwide challenges in computer science education (see Section [2.1)), and second with a focus
on Austria. Subsequently, learning theories from the 20" century will be presented, as well as the
importance of intrinsic and extrinsic motivators and acquiring computational thinking skills. This
section ends by describing the driving factors from the past that pushed coding activities like block
based languages or mobile learning (mlearning). Furthermore, a definition for game and play will be
provided (see Section [2.2) and important game design elements will be categorized. The information
is then linked with popular Game-Based Learning concepts, like GDBL and game jams. The second
part of the literature review (see Section [2.3]and [2.4) focuses on women and technology by presenting
a complete picture of gender gaps in STEM/ICT and university studies worldwide; the review then
puts the spotlight specifically on Austria and at the University of Technology in Graz (TU Graz).
Furthermore, the author tries to answer why we need more women in tech. Finally, at the end of this
section, the author points out the possible social reasons which have led to the exclusion of women
from tech and describes important intrinsic and extrinsic motivators which seem to be a promising
direction in closing the gender gap in ICT.

2.1. Computer Science in Education

Learning new concepts, like coding or a new language, is difficult because they are complex activ-
ities which require several gradual steps. The learning process must generally be guided in order
not to waste time and energy, lead to misconceptions, or to learn incomplete or disorganized knowl-
edge (Razak et al., 2011; 'Wu and Wang, |2012). On the one hand, for students who want to learn
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coding on their own, online courses/trainings, eLearning, or MOOCs are the perfect way. These
methods are also attractive in the areas of Distance Education, or Lifelong Learning. These courses
reach a broad mass of people, but are often criticized, e.g., that they are using unprofessional teaching
methods (Online Course Reportl, [2016)), or that this concept does not work at all: The completion
rate for online courses is only 5-10% (Frenkel, 2018). Some opportunities to learn coding also exist
outside of school, e.g., attending coding clubs or workshops, or trying out block-based visual oriented
programming languages for novices: for instance, Scratch, Pocket Code, Snap, or App Inventor (see
next section).

On the other hand, most of the students do not feel intrinsically motivated to learn coding and will
not join any off-campus activities voluntarily. Thus, for them the only opportunity exists during the
regular computer science classes to gain knowledge in coding and to become more interested in tech.
A German study (Milberg and Fuchs| 2009) shows the necessity for early contact with ICT topics
to increase interest in such topics. The literature argues that students often find coding activities in
schools difficult or boring and end up memorizing the processes without understanding them (Khaleel
et al.,[2015)). Many concepts in programming are hard to understand for students in primary and sec-
ondary education, either due to the degree of complexity, or the level of abstraction of such concepts.
Thus, the literature suggested that an enjoyable approach must be adopted in learning, especially for
difficult subjects (Robins et al., [2003). Game elements and an additional fun factor influence the
general outcome of the course and make it an interesting experience for all students.

The education sector in Europe is facing many challenges and limitations, but also possibilities on
how to attract, motivate and engage students with content from an academic curriculum. At the same
time, it is supporting the formal learning process by providing a learning experience that matches
the dynamics of the 21 century (Informatics Europe/ACM Europe, [2016). More than ever, Albert
Einstein’s words are a reality: “It is the supreme art of the teacher to awaken joy in creative expres-
sion and knowledge.” Although many pan-European initiatives try to shape school curricula more
to computer science and coding, students often leave school with a lack of computer science educa-
tion (Noor-Ul-Amin, |2013). The use of ICT in education requires a more student-centered learning
setting to motivate and to strive for a deeper understanding through practical applications.

In addition, using games in formal learning situations is an important topic of current research
but the investigation of effects of students learning in ICT are still largely underexplored. With an
increased emphasis on computational thinking in curricula across Europe, schools, teachers, and the
government are identifying different learning experiences for learners, which will engage them in
ICT. Although many countries regard understanding the importance of ICT and teach the basic skills
and concepts of computing, many fail to provide connections to real world problems or practical
examples, or to teach specific digital competencies, like programming or abstraction (Bender et al.,
2016). However, to adopt new pedagogical practices and integrate ICT in a meaningful way, a more
uniform regulation is necessary to not only support students in private schools or with off-campus
coding courses, but to provide computer science for all students to optimally prime them for the digital
future. There is already a small but consistent change in the educational system and in teachers’ views
regarding the setup of computer science courses (see the next sections).

2.1.1. Learning ICT: a worldwide challenge.

The European Commission states, "All of Europe’s citizens need to be educated in both digital lit-
eracy and informatics" (Informatics Europe/ACM Europe, 2016; European Commission [1], [2016)).




Chapter 2. Literature Review and Background

Thus, IT education must be seen as an interdisciplinary field that bridges the gap between the use of
digital media and information-processing technology as well as basic concepts and fundamental ideas
of computer science. However, in Austria and in many other European countries, computer science
topics are underrepresented in school curricula, hence, teaching time for these topics is limited (Xino-
galos et al., 2006). From primary through secondary school, only a few opportunities exist for young
students to explore coding and CS topics. Furthermore, today’s teachers are rarely trained in computer
science, which impairs their potential to motivate students in these courses.

Most of the European countries have a very similar situatiorﬁ (Grandl and Ebner, 2017) (see an
overview in Figure 2.1). In German-speaking countries or Slovakia and Poland, the focus of ICT
education lies especially on the three pillars of "Computer Science", "Digital Literacy", and "Media
Education" (Vuorikari et all [2016; Hasler, |2013]; Kabatova et al.,|2016). England, a leader by exam-
ple, introduced the subject "Computing" in 2014 (Peyton-Jones, [2013). In addition, there are many
movements to integrate some basic informatics education in the US (Ladner and Israel,[2016; Office of
Innovation and Improvement (OII), 2016; [The White House, 2016) and in Australia (Australian Cur-
riculum, Assessment and Reporting Authority (ACARA), [2017) or global extracurricular initiatives,
like Code.org (Code.org, 2018). The problems towards CS in schools through the European coun-
tries are very similar: an underrepresentation of CS topics in (high) school curricula and the limited
amount of time to teach CS. These factors impair the potential quality of engagement experienced by
the students and teachers in these courses. The challenge for teachers all over the world is to engage
students in computer science, and to present the relevance of computing in their own interests.

6https ://learninglab.tugraz.at/informatischegrundbildung/
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Figure 2.1.: Computer Science Education: A global comparison (]Grandl and Ebneli, |2017[): Switzer-

land (Hasler| 2013}, Kretzschmar, 2016), Spain (Gobierno de Espana Ministerio de Educa-|
2009), Germany/Calliope (Calliope GmbHL 2017; [Starruf}, 2010), UK (Peyton-Jones,
2013), Slovakia/Poland (Kabatova et al., 2016), US (Ladner and Israel, 2016} [Office of

[Innovation and Improvement (OII), [2016; [The White Housel, 2016), Australia (Australian
Curriculum, Assessment and Reporting Authority (ACARA),[2017), Code.org

2018)

Efforts to redesign and rework the curriculum are obtained slowly, current solutions are often not
applicable, and possibilities are limited. Thus, education programs neither offer methods or frame-
work for CS classes nor get teachers trained specifically for this subject. Keeping up to date with
changes is a challenge for all teachers. For example, in the UK, the government disestablished the
Information Communications Technology curriculum, replacing it in 2014 with a new Computing
Curriculum (GOV.UK Department for Education, 2013). However, the UK faces the problem of find-
ing well-trained teachers as well, or funding the training of these concepts for their teachers
land Csizmadil, 2015} |[Oakman, [2016). In Switzerland, with curriculum 21, for the first time informat-
ics contents are already integrated in elementary school 2013). However, the module "Media
and Computer Science" does not necessarily have to be a separate subject, but integrated, e.g., in
language learning or mathematics. This curriculum is regulatory from primary (5-11 years) through
secondary school (11-16 years) and covers topics like design, writing and debugging programs, or
understanding computer networks. In Germany, the situation is very confusing due to the large dif-
ferences in CS offerings in individual states and school types 2010). In almost all states, in
lower secondary education a "basic informatics education" is part of the curricula; depending on the
state, it is integrated in a different grade during secondary level as a one unit per week. Moreover,
"Calliope mini", a microcontroller should make a change and help student to have a playful access to
the digital world (starting in Grade 3) (Calliope GmbH, [2017). This project, which is supported by
the government, is designed to fit the European competence framework "DigComp" (a framework for
developing and understanding digital competence in Europe) (Vuorikari et al., 2016). Calliope is very
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similar to the “BBC micro:bit’ﬂ which was distributed in 2016 in England for free to one million
schools. In Slovakia, the subject "Informatics" ("Informatika") is available for all students starting
at the age of 7 (second grade up to 11" grade), with an average of one hour per week. Here, the
focus, even in the primary level, lies on computational thinking and the acquisition of programming
skills (Kabatova et al., 2016). Poland included "Understanding and analysis of problems" and "Pro-
gramming and problem solving by using computers and other digital devices" as a compulsory subject
in its curricula, as well as "Informatics" at primary level, in middle schools, and at high schools (Eu-
ropean Schoolnet, [2015). In general, in many Eastern European countries, computer science has the
same amount of units as, e.g., in natural sciences subjects.

In the US, Barack Obama launched the "Computer Science For All" initiative in 2016, which aimed
to provide computer science education in the K-12 education sector, which includes all educational
institutions from kindergarten to 12 grade (Ladner and Israel, [2016). In addition, non-profit organ-
isations like Code.oréﬂ have supported different projects since 2013 which foster computer science
education, e.g., with age-appropriate videos, games, and courses. Code.org also promotes the “Hour
of Code” event, which provides one-hour tutorials in many different languages (Code.org, 2018). Ad-
ditionally, in Australia, the two compulsory subjects "Design and Technologies" and "Digital Tech-
nologies" are integrated in the F-10 education sector, i.e., from kindergarten to 10" grade (Australian
Curriculum, Assessment and Reporting Authority (ACARA), 2017)).

Across Europe, there are a number of extracurricular initiatives, i.e., organizations or companies
that aim to bring students closer to computer science. Some examples are Educational Robotics, Mak-
erspaces, FabLabs, such as the FabLab at Graz University of Technology (TUﬂ or student laborato-
ries for computer science, such as "InfoSphere" of RWTH Aacherm Another best practice example
is the "Code Club" organization, founded 2012 in England, which works together with the Raspberry
Pi Foundation. Their aim is to support teachers or other educators involved in the implementation
of free "Coding Clubs" for children between 9 to 11 years old by providing materials, guidance and
ideas for projects. The initiative has reached more than 8,000 clubs in over 80 countries (Raspberry
P1 Foundation! [2017)).

To conclude, there are many efforts in Europe and worldwide to foster students in ICT. Thus, it is
important to measure their benefits as well. Figure [2.2] shows the current status of individuals with
“basic” and “above basic” digital skills for each EU country (plus Norway and Iceland); the average
of individuals with “basic” and “above basic” digital skills is 55% (Vuorikari et al., 2016)), in Austria
65%.

"BBC micro:bit: http://microbit.org/

8Code.org: https://code.org/

9FablLab Graz: http://fablab.tugraz.at/

10S¢hool lab Aachen: https://schuelerlabor.informatik.rwth-aachen.de/
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Individuals with basic or above basic digital skills
Year:2015

% of individuals

European Commission, Digital Scoreboard

Figure 2.2.: The bar chart showing the digital skill level through Europe 2015 (Vuorikari et al., [2016).

All these actions should improve the quality and relevance of ICT training and the information flow
to enable people to make better career choices and to get quality jobs and improve their lives (Eu-
ropean Commission [1],2016). Therefore, every student would benefit from computer literacy at an
early stage, larger-scale trainings for teachers, and a standardized definition of the informatics curric-
ula (Informatics Europe/ACM Europel 2016).

2.1.2. Situation in Austria.

In Austria, in 2018/19, it is planned to implement the compulsory exercise Digital Basic Education
(dt. “Digitale Grundbildung”) in secondary schools. Thus, teachers should spend at least 2x32 annual
hours by training digital content such as media competence and design, security, and computational
thinking (Federal Ministry of Education Austria [5],[2017).

This obligatory regulation forces 1) schools to offer trainings and materials for their teachers, and
2) teachers to acquire knowledge to a range of new topics. Since this basic CS education should be
integrated into the default curricula, teachers must find a way to apply CS to their subject. The chal-
lenge is that teachers must generally stick to an often overburdened lesson plan and have less freedom
in planning their lessons depending on the subject. In mathematics, for instance, the few units avail-
able are a serious problem in Austria (Jarz, 2016). In addition, teachers can feel overwhelmed by the
increasing amount of new media and different learning software products available. Interdisciplinary
tools used across various disciplines and the integration of computer science (CS) with other subjects
are hard to find. Most high schools are missing a higher-order thinking focus in computer science and
do not teach critical thinking or problem-solving skills. Moreover, some studies indicate (Diendor-
fer, 2010; [Dagiene and Futschekl 2008) that computer science teachers fail to provide a compelling
context and motivation for those who are not already interested in these topics. Most teachers are not
familiar with the field and not in a position to encourage students in an appropriate way. However,
there exists an extreme pressure on schools to teach ICT, because the obligatory exercises will demand
them to do so.
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In Austria, computer science in high school is often an optional course and is not equally dis-
tributed over the grades. For instance, according to the Federal Ministry of Education’s high school
curriculum (Federal Ministry of Education Austria [1],2017), computer science is mandatory only
in ninth grade (Federal Ministry of Education Austria [2], 2017). From 10" to 12" grade it is op-
tional (Federal Ministry of Education Austria [3], 2017) and therefore not all students are finishing
school with meaningful ICT employability skills, which is a basic requirement for modern high-tech
economies (Fraillon et al.l [2013)). The curriculum for the ninth grade (Federal Ministry of Education
Austria [2],2017) covers the basic competencies in dealing with technologies, such as Office products
or descriptions of learning about basic principles of automata, algorithms, and programs, thus only
low-level skills are taught. In addition, teachers are insufficiently trained for applied computer science
education because it is not seen as a major subject in their education (Jarz, 2016). The reason for this
is that most universities do not have programs for computer science education to prepare the future
generations of teachers, or there is less interest in these programs. In the year 2016, only five students
enrolled in lectureship courses for computer science at the TU Gra Moreover, for higher grades
in Austrian schools, there is no officially authorized literature that contains practical, state of the art
examples for computer science education (Bers et al., |2014). Even so, there are currently efforts to
reinvent the computer science schoolbook with a focus on practical examples and learning materials,
licensed under Creative Commons: CC BY[2

For all these reasons, computer science should be an independent subject, which should receive an
"explicit place in the context of the MINT subjects" (Hasler, 2013)).

2.1.3. Learning theories of the 20t century.

Learning theories from the past serve as an organized set of principles, clarifying how people acquire,
retain, and recall knowledge (Schunkl, 2014; Berkley Graduate Division, [2018}; [Kelly, 2012). These
theories helped researchers to gain a better understanding of how learning occurs and help to select
appropriate techniques, tools, and strategies to support learning and teaching how to code. Three basic
types of learning theories exist: Behaviorism, Cognitivism, and Constructivism, and some subtypes
or variations, e.g., Instructionism, and Constructionism. A new learning theory from the 21 century
is Connectivism, which focuses on networked learning and making connections (it uses the metaphor
of a network with nodes and connections) (Kop and Hill, 2008; Downes, 2007).

Figure [2.3] provides an overview of important findings of each theory, how each theory handles
students’ motivations and show details on how teaching and learning should be done.

"Statistics students TU Graz: https://online.tugraz.at/tugonline/Studierendenstatistik.html
12Learning Lab TU Graz: https://learninglab.tugraz.at/informatischegrundbildung/index.php/oer-schulbuch/
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Figure 2.3.: Learning theories of the 20™ century (]Schunkl, |2014k |Berkley Graduate Divisi0n|, 2018|;
2012): Behaviourism/Instructionism (Skinner, |1976; [Pavlov, 1927} von Forster

et al., 2009), Cognitivism (Perry} [1999; [Piaget, [1968)), Constructivism (Piaget, 1968}, [Vy-|
gotsky, (1978)), Constructionism (]Papertl, |1971L |1985|, |1998|; |Papert and Ha.rell, |1991[).

To limit the scope of this thesis, this chapter focuses mostly on the theory of Constructionism and
first explains the previous learning theories in short. The Constructivism and Constructionism theory
was part of the author’s previous work (Petri et al., [2015)).

The Behaviorism theory researched couplings and reactions of stimuli 2014). Thus, sev-
eral experiments with animals (e.g., mice: Skinner Box [1976), or Pavlov’s dog
[1927)), and children (e.g., Little Albert (Watson and Rayner, [1920)) were performed to observe
behavior (modifications) and emotions. These researchers found out how extrinsic motivators af-
fect students’ learning by first defining their initial behavior to achieve the second, desired behav-
ior (e.g., knowledge acquisition/recalling) 2014). Three models were representative for
Instructionism: “trivial machines”, “black box” (von Forster et al.l 2009) and the “Niirnberger fun-
nel” (Hirschfelder, 2006). Students defined as trivial machines always respond to the same input
with the same output, which is also true for black boxes. "Niirenberger funnel" became a common
idiomatic expression, where the learning material is proverbially drummed into the student. The Cog-
nitivism theory defined the optimization of the learning processes in all phases of life. This theory
emphasized the ideas that most of human learning occurs in a social environment and that learners
act according to their beliefs about their abilities and the expected outcomes of their actions, and it
adopted the idea of intrinsic motivators such as, e.g., setting personal goals 2014). Piaget’s
Constructivism (Piaget and Inhelder,[1967) provides a framework for optimizing the learning progress
at different levels of children’s development (Kafai and Resnick, [1996). Constructivism stated that a.)
teaching is always indirect (teachers take the role of a coach), b.) knowledge is shaped by experiences
and built by the learner, and c.) learners were the center in the learning process. He stated that younger
children create their own subjective reality, depending on their own experiences, which is suited to
their current needs and possibilities. Children enhance their capability of abstract thinking and start
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to philosophize about probabilities, associations, and analogies by the age of 11.

2.1.3.1. Constructionism.

The Constructionist approach (Papert, |1985)) is interested in building knowledge through active en-
gagement and personal experience. Papert (Papert, [1985) noted that individual learning occurred
more effectively when students understood the world around them and were creating something that
was meaningful to them. In contrast to constructivism, the constructionist approach (Papert and Harel,
1991) was more interested in constructing personal experience and knowledge than in acquiring infor-
mation. This experiential and discovery learning by challenges should inspire creativity, and project
work allows for independent thinking and new ways of constructing information. The iterative process
of self-directed learning underlines that humans learn most effectively when they are actively involved
in the learning process and build their own structures of knowledge. In this theory, communication
between students about the work, and the process of learning with peers, teachers, and collaborators,
is seen an indispensable part of a students‘ learning (Papert, [1993). In constructionist environments,
teachers become facilitators of collaborative groups of students who do research, construct useful con-
cepts and increase their understanding of curriculum subjects and objectives (Clapper, 2009). There-
fore, Papert implemented the concept of small, well-structured social micro-worlds, which should suit
the needs and expectations of both learners and instructors as well as the affordances of technology
(Papert, |1993)).

In addition, Papert focused on how ideas can be formed and transformed when expressed through
new technologies and different media, actualized in particular contexts, and worked out by individual
minds. He figured out that students learned more efficiently if they could see a concrete result of their
efforts. These can be various artifacts, such as a sand castle or a computer program (Parmaxi and
Zaphiris|, 2014). He argued that designing these sharable artifacts reflects students’ different styles
of thinking and learning. Furthermore, the constructionist approach proposed that computational
ideas could serve learning in a broad variety of subjects (Tedre and Denning), 2016) and Papert’s
book Mindstorms (Papert, |1985) states that programming develops cognitive skills that increased the
students’ problem-solving abilities in many domains. Moreover, the engagement of the learner while
constructing knowledge should be added with a public entity (Papert and Harel,|1991)), e.g., to present
in front of peers, teachers, or parents:

“The construction of knowledge through experience and the creation of personally rele-
vant products. The theory proposes that whatever the product, e.g. a birdhouse, computer
program, or robot, the design and implementation of products are meaningful to those
creating the and that learning becomes active and self-directed through the construction
of artifacts.” (Papert, 1971, p.2)

Thus, Papert described the huge potential of bringing new technology into the classroom (Papert,
1993). For this reason, he co-invented the LOGO programming language in the late 1960s at the MIT.
Logo was designed to have a “low threshold and no ceiling” and was indeed used to help novice
programmers, and to support complex explorations and the creation of sophisticated projects (Tinker
and Papert, [1988). Logo set the basis for later visual programming tools, such as Etoys (Kay et al.
1997) or Scratch (Resnick et al., [2009; Resnick, 2017)). Such block based visual oriented tools made
programming accessible for a large number of people and taught new skills such as engineering,
design, and coding (Blikstein and Krannich, |2013)) (see next Section [2.1.4.1).
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The constructionist philosophy influenced and supported the research of many, by providing a
framework to integrate a playful approach in coding classrooms or courses (Ildik6 Tasnadi and Farkas),
2016; Proctor and Blikstein, 2016), or by adapting it to teach new tools, like robotics (Petroviuc, 2016;
Bender et al.,[2016) or approaches, e.g., to use it for online learning (Cannings and Stager, 2003)).

Psychologists and pedagogues from this century following the constructionist approach state three
main goals. First, they wish to rethink traditional education without step-by-step guidance and to
create new social and open environments (Ackermann, [2001). Second, they strive to allow students
to engage in meaningful and relevant problem-solving activities, and third, they want to integrate new
tools, media, and technologies in school lessons (Neo and Neo, [2009)).

2.1.3.2. Intrinsic and extrinsic motivators.

One intention of using a more playful approach in classes is to motivate students. In many subjects,
the students’ performance and their positive grading for tests are the primary criteria (Ryan and Deci,
2000; |von Glasersfeld, [1995). Students are assessed in the form of grades and reflect what they hear
and read. As a result, students often learn material by rote memorization and thus, can hardly build
connections due to their lack of actual understanding. There is a major difference between students
only acquiring certain knowledge versus understanding and therefore applying this new knowledge.
The literature distinguishes between two types of reinforcement: external and internal reinforcement.
Only the external is perceived directly. Both encourage people to repeat their previous behavior.

External reinforcement provides motivation, but often the learner sets the wrong goals. Examples
for external motivators are the earning of certificates or awards. Therefore, extrinsic motivation is
associated with Skinner’s behavioral theories of human learning (see previous Section[2.1.3). By this
students are motivated to learn, but will not invest more energy in learning than necessary, thus, stu-
dents, e.g., will not seek for new solutions for a given problem. However, most of the tasks given
by teachers are not inherently interesting or enjoyable, thus extrinsic motivation becomes an essential
strategy for successful teaching (Ryan and Deci, |2000). Extrinsic motivators are often connected with
the value students assign to a task. For example, student feel more extrinsically motivated if they know
it is necessary to acquire that knowledge for further job opportunities, or they are valued by others
to whom they feel connected, whether that be a family member, a peer group, or a society (Brophyl,
2013). Furthermore, students will more likely internalize a task if they understand it and have the rel-
evant skills to complete it. Thus, support, feedback, and the definition of optimal challenges improves
their competence.

In contrast, internal motivation builds on praising students and recognition or acknowledgements.
This gives the students the feeling of pride and achievement and supports self-directed learning and
practical relevance. The sense of achievement fosters a positive attitude, which further enhances their
motivation. The intrinsic motivation is a more natural one, which is based on curiosity, self-efficacy,
enjoyment, competence, autonomy, and interest. However, intrinsic motivation will only occur for
tasks that provide intrinsic interest for an individual; such tasks have the characteristics to be novelty,
challenging, or aesthetic for that individual person (Ryan and Decil, 2000). Learning theories, like
cognitivism or constructivism, build on these intrinsic motivators by constructing personal experi-
ences and promoting self-expression. In addition, intrinsic motivation results in high-quality learning
and creativity. Where such support is lacking, students will feel more controlled rather than self-
determined, thus their motivation will be primarily extrinsic (Brophyl 2013).
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It is important to provide simulations that support different learning styles including the follow-
ing: auditory, visual, and kinaesthetic, as identified by Gardner (Gardner, |1983)). Thus, a teacher will
not operate under the traditional concept of teaching, but rather is meant to guide and assist students
in their learning processes by constructing and unpicking ideas through game making. Students are
supported and encouraged to take control of their own education to become more engaged, inter-
ested, and empowered as a result (Gardner, [1991)). To support teachers, a large number of different
models and frameworks exist to integrate tools and concepts into curricula. One model, which is al-
ready established in many disciplines, is the Universal Design for Learning (UDL) model (Spencer],
2011). The UDL supports varied learning and assessment approaches, such as cooperative learning,
performance-based assessment, or student-centered learning. Therefore, the UDL refers to the most
important questions of learning: the what, the how, and the why. To phrase it differently: what is being
taught, how the information is shared, and why the information is engaging the learners. The UDL
thereby applies advances in the understanding of how the brain processes information to the design
of curricula, which accommodate diverse learning needs (CAST, Inc., [2014)). Therefore, the UDL
provides a flexible approach that can be customized and adjusted for individual needs, and supports
the creation of teaching goals, strategies, and methods, as well as materials (Brand and Dalton, [2012)).

2.1.4. Computational Thinking (CT) skills.

Jeannette Wing, 2006 (Wing, 2006) shaped the term “Computational Thinking” (CT) skills. CT has
been already described in author’s previous paper (Spieler et al., 2017)).

“Computational thinking involves solving problems, designing systems, and under-
standing human behavior, by drawing on the concepts fundamental to computer science”
(Wing, 2006, p.33)

Wing’s idea that children who are introduced to CS learn more than just programming opened a new
way of thinking, e.g., it showed the benefits of learning to think like a technician (Wing,[2008). Wing’s
findings have been incorporated into the US curriculum of many federal states of the CS (Kahnl,[2017)
and into K-12 movements (Mannila et al.,[2014). To acquire CT Skills means to (Wing, 20006):

» Understand different aspects of a given problem,

* Link computational tools and techniques to this problem,

» Understand the limitations and power of the used tool, and to

* Generalize and apply this solution process to a variety of problems.

Wing argues that learning how to code reinforces computational thinking skills but it is not just
about programming. Moreover, students should think first about possible solutions to a given problem
(use of problem solving skills) and second, implement their ideas by using a computing device (use of
programming skills) (Selby, [2012)). In order to successfully implement their own solutions, students
have to apply different programming concepts, such as loops and conditions, as well as practices,
such as abstraction and debugging (Lye and Koh| 2014} Kafai and Burkel |2013)). The focus on most
intra- and extracurricular initiatives lies on teaching fundamental principles and concepts, problem-
oriented thinking, and working in multiple ways of abstraction. As already explained in previous
sections, for the teachers, applying computational thinking skills to students is actually a challenging
task (Tsan et al., 2016). The literature assumes (Repenning et al., 2015; Koh et al., 2010j James et al.|
2013; [Kopcha et al., 2016; Syamsul and Norshuhada, 2010) that it is easier to combine concepts of
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algorithms and programming with activities which are engaging and fun but also relevant at the same
time.

In addition, the literature and different initiatives from all over the world, point out the importance of
teaching CT skills and coding to children at an early stage for several reasons. However, computational
thinking is just a small subset of Seymour Papert’s ideas in the 80s (see previous Section and
the concept of his Constructionism in 1991 (Papert and Harel, [1991). Papert was the first who used
the phrase computational thinking and defined it in a much broader way. For instance, Wing focuses
mainly on computer programs, whereas Papert stated that there are more kinds of constructionist
projects, and computational ideas could serve learning in a broad variety of subjects, this “can change
the way [children] learn everything else.” (Papert, 1985 p.8)

To summarize, CT concentrates on the importance of coding and computer science activities, thus
delivering concepts that are more applicable and highly essential to prepare teenagers for the fu-
ture (Tedre and Denning, [2016). However, critics argue that coding should not be seen as a unitary
skill but instead as a meta-skill for a complex network of other skills. Together with the 4C’s for
21% Century Learning — critical thinking, communication, collaboration, and creativity — defined
by the Partnership for 21%' Century Learning a full range of capabilities should be taught by teachers.
This is defined to be essential for preparing students for the future (Barnett et al., [2017). It is beyond
the scope of this thesis to discuss in any detail the very expansive literature that exists on skills ex-
plained in different categories. Some of them will be discussed in more detail in Section [2.4.2] when
explaining the importance of extrinsic factors for unbiased classrooms.

After 2006, there was a rapid increase in the number of published articles about learning and teach-
ing CS (Wu and Wang, |2012). The current movement of promoting CS through visual programming
languages has its origin at that time. The author emphasizes two trends emerged at this time, which
still influence CS education today, both were important in developing the educational app Pocket
Code, which plays an important part in the authors’ research.

2.1.4.1. Trend 1: block-based visual oriented coding.

New technologies and tools formed the ways of learning and teaching in the 21% century. Web-
based technologies like Adobe Flash and later JavaScript, CSS, and HTMLS, as well as an increase
in the number of modern smartphones and tablets, opened up new ways for innovative coding con-
cepts (Kahn, 2017). In the last decade, a number of block-based visual oriented programming tools
have been introduced which should help students to have an easier time when first practicing program-
ming. These tools have all had very similar goals: they focus on younger learners, support novices in
their first programming steps, can be used in informal learning situations, and provide a block-based
visual oriented programming language which allows students to recognize blocks instead of recalling
syntax (Tumlin, 2017). Many coding concepts that are part of the CS curricula (Goode et al., [2012)
or the teaching material from Code.org (see Section [2.1.1)) rely on the use of such block based visual
oriented coding environments. In addition, such tools are broadly integrated in primary through sec-
ondary schools, and or even at universities, thus they have been adopted into many computing classes
all over the world (Meerbaum-Salant et al., 2010). Figure[2.1.4.1|illustrates the different concepts and
the most important tools for visual programming through history.

These visual and blog based programming languages originate from Seymour Papert’s LOGO
1967 (Papert, |1993) which itself originates from Smalltalk/SqueakEl This language creates traces

13 Squeak: http://squeak.org/
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of a turtle moving across the screen allow one to draw different patterns on the screen. This teaches
skills such as procedural operations, iteration, and recursion. Alan Kay, influenced by Seymour Papert
and LOGO, employs the Etoys development (Kay et all [1997; Galas and Freudenberg, [2010) which
is an object-oriented application written on top of Squeak. EtoysEl influenced the development of
another Squeak-based educational programming environment: Scratcfﬂ Scratch is the most popu-
lar and successful visual coding environment for block based visual oriented coding. Launched in
2007 by the MIT Media Lab, the Scratch site has grown to more than 25 million registered mem-
bers with over 29 million Scratch projects shared programﬂ Other examples are: MIT App Inven-
tOIEI, Snap!'®| (Harvey and Moning, [2010), BlocklyEl (Pasternak et al.| 2017), Lego Mindstormﬂ
TurtleStitc and GPEl The educational app Pocket CodeEl allows for programing games directly
on the smartphone 2014). It is based on Scratch and has been initiated and developed at TU
Graz. The results of this thesis build on Pocket Code by conducting classrooms projects with the app
and the app has been developed further to suit different users (school/teachers and female students).
This is explained further in the next Chapter (see Chapter [3)).

(Kay, 1996) = -

¢
StarLogo
(Resnick,1994)
turtle graphics ToonTalk LogoBlocks
1 (Kahn,1995) ,(Begel, 1996)

{1}
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1 1 1 T 7
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TURTLE -
1

1
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1970s
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Smalitalk/Squeak by Alan Kay at by the research team of the  allows to build Android appsina by Google by Catrobat by the UDG Labs,
omectfonented, dyngm\cal\y typed, Disney Lifelong Kindergarlen Group web browser that can be run an open source library  to create games, headed by Alan Kay
reflective programming language  object-oriented at the MIT Media Lab either on a phone orina phone  that makes iteasy to  animationes etc. enables more advanced
application written uses a drag'n’ drop interface emulator in the browser. add block based visual  gjrectly on the phone  programming with a
LOGO on top of Squeak with bricks that are snapping programming to an Scratch-like design
educational programming a computer media together and forming scripts Snapl! . . app TurtleStitch
language by Wally Feurzeig,  authoring the website provides support, by Berkley University Mindstorms ~ design patterns to be sticked
Seymour Papert and Cynthia  environment motivation, millions of sample a more powerful variant of Scratch, by Lego on embroidery machines
Solomon projects, and a sense of implemented as a web application h;rdwgare software platform
turtle graphics: line graphics on community contains new primitives for supporting
screen of with a smal turtle robot first-class functions produced for the development of

programmable robots

Figure 2.4.: Examples for visual/blog based programming languages: Squeak Etoys 'Kay et al.l,

[1997), Scratch (Resnick et al],[2009; Resnick, 2017), MIT App Inventor (Wolber, 2009),
Snap! (Harvey and Moning, 2010), Blockly (Pasternak et al., 2017)), Lego Mindstorms,
TurtleStitch, Pocket Code (Slany|, 2014), and GP

Unlike traditional programming languages, which require code statements and complex syntax
rules, here graphical programming blocks are used that automatically snap together like Lego blocks

14Etoys: http://www.squeakland.org/

15Scratch MIT: https://scratch.mit.edu/

16Scratch MIT statistics: https://scratch.mit.edu/statistics/

™MIT App Inventor: http://appinventor.mit.edu/explore/

18Snap!: http://snap.berkeley.edu/

l9Blockly: https://developers.google.com/blockly/

2OMindestorms Lego: https://www.lego.com/en-us/mindstorms/about-ev3
2 Turtle Stitch: http://www.turtlestitch.org/

2Gp: https://gpblocks.org/

23 Catrobat/Pocket Code: https://www.catrobat.org/
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when they make syntactical sense (Ford, 2009). Another important differentiator is the fact that all
elements of the programming environment and also the programming language itself, including the
formula elements, are translated to the language of the young developer. Especially for languages that
are not written with the Latin alphabet, this is a huge advantage for young users, as they are not used
to think in English and have very commonly difficulties to read Latin scripts. This feature is shared
with Logo, Scratch, and Snap!, and certainly contributes in a major way to the very positive worldwide
reception of our software. Further, in visual programming languages, a block represents a command or
action and they are arranged in scripts. The composition of individual scripts equals the construction
of an algorithm. The building blocks offer the possibility, e.g., to animate different objects on the
stage, thus defining the behavior of the objects. In addition to the basic control structures, there
are event-triggering building blocks/conditions for event-driven programming (Georgios and Kiriakil,
2009). Familiar concepts such as variables, variable lists, Boolean logic, user interface design, etc.
are provided as well. Furthermore, most visual programming environments offer the possibility to
integrate graphics, animations, music, and sound to create video games, animation, and interactive
stories. In that way, creative and artistic talents of the students are displayed in their games, stories,
and applications. Thereby, these visual languages offer the same programming logic and concepts as
other (text-based) programming languages.

The previous mentioned FabLabs, Makerspaces, and Coding Clubs not only use these tools to
teach programming but also refer to the whole Constructionist approach in setting up their course
frameworks. Thus, concepts of “Tinkering’FzI or resources like the “Makey Makey’E] tool became
popular for activities during coding workshops with innovative forms of production and do-it-yourself
work (Schon et all) 2014} (Garcia-Penalvo et all [2016). In addition, offline or unplugged coding
activities (Brackmann et al., 2017) were often used to explain important concepts or vocabulary to
students without actually using a PC, laptop, or smartphone, for explaining, e.g., X/y coordinates, the
need for precise instructions for computers/robots, or variables and lists. The Internet offers many
examples for unplugged coding activities, e.g., to program a classmate like a robot, paint instructions,
pack a Rucksack, or send “broadcast messages” to colleagues. A list of important coding vocabulary
is part of the Appendix (see Appendix |A.9).

Block based visual oriented coding is becoming the standard approach when introducing students to
programming. Programming is not a single skill but more a complex activity, where a student must ap-
ply cognitive skills (such as abstraction) to solve a single task (Robins et al., 2003;|Or-Bach and Lavy.,
2004). A lack of motivation and a missing sense of achievement can lead to negative programming
experiences. In this context, researchers point out that negative educational user experiences can lead
to limited participation and engagement, and thus result in negative learning outcomes (Botha et al.,
2010; [Laren, 2004} Romiszowski, [2004; Roschelle and Pea, 2002)).

In that case, visual programming languages provide an easier start and a more engaging experience
for learners. The ease of use, simplicity, and desirability of new visual coding environments enables
young people to become game makers. On the one hand, researchers argue that students are not fully
convinced that Scratch is a programming language which can help them learn other programming
languages (Lewis et al.,[2014). On the other hand, a study which compared three classes that used
either block-based (Scratch), text-based (Java), or hybrid blocks/text (Snap!/JavaScript) programming
languages showed that students generally found block-based programming to be easier than the text-
based environments (Weintrop and Wilensky, [2015)).

24Tinkering: https://tinkerlab.com/what-is-tinkering/
25Makey Makey: https://makeymakey.com/
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2.1.4.2. Trend 2: the mobile way of learning.

The mobile game market is growing faster than any other game industries (Or-Bach and Lavy., [2004).
The mobile games revenue in China in 2017 reached $14.6 billion, the United States market recorded
$7.7 billion in revenue, and a global value of $46.1 billion was recorded, up by 12.5% each year (Or-
Bach and Lavy., 2004; [Piaget and Inhelder, [1967). The fastest growing regions in 2017 were the
Middle East, Africa, and the Latin Americas.

Online statistics show the following (Statista, |[2017):

* Leading Android gaming app genres worldwide, 2017: Casual (59.6%), Puzzle (57.29%), Ar-
cade (55.6%), Racing (31.31%)

* The average session length spending on mobile gaming 2015 was 7.55 minutes
* Children’s mobile game industry revenue in the United States in 2017 was $5.5 million
* Supercell, Electronic Arts, and Disney are among the top eight mobile game publishers

* Mobile games to reach 10 million downloads the fastest, worldwide, 2016: Super Mario Run,
Pokémon Go, Clash Royale, Candy Crush Jelly Saga, and Angry Birds 2

* Users spent nearly $60 billion on apps in 2017 up ~35% from 2016 (Adams, 2018

e The 5 best Android games worldwide, 2017: Subway Surfers, Clash Royale, My Talking Tom,
Super Mario Run, Honor of Kings (Verto Analytics, 2015)

* Mobile gamers are more likely to be female, have an higher income, and are younger, compared
to the online population (Shillabeer and Jackson, |2013) (more information on female mobile

gamers in Section [2.4.2.4))

With mobile games, more people can engage who were previously limited to use other platforms
such as PCs and consoles. Further, children nowadays grow up with mobile devices and feel com-
fortable using them. Considering the statistics above, current prices, and the forecast of the user
penetration of smartphones in Austria, France, Germany, and the United Kingdom from 2014 to
2021 (Statista Market Analytics, 2016)), as well as the difference in number of smartphone and tablet
users in Western Europe in 2014 (eMarketer, 2015) and the current electronic device usage in Austria
in 2016 (Google}, 2016) one can conclude that smartphones will be used more by students in the future
than the more expensive tablets or laptops. An Australian survey of 1,365 parents of smartphone own-
ing children aged 3 to 17 shows that the kids spend an average of more than 21 hours per week using
their devices (Telstral [2015)). Smartphones and the use of apps are already a part of our culture and
are changing the way in which many people, particularly teenagers, act in social situations. For most
adolescents the smartphone performs several functions of their daily lives. It helps them to organize;
it has various tools, such as an alarm clock, flash, or a camera, and contributes to identity formation
through self-presentation on the Internet. In addition, the smartphone is used a lot in spare time (most
games are played in the evening (Verto Analytics| [2015)) or for just killing some time while waiting.
Online games and mobile games play an important role in the daily lives of teenagers (Bevans|, 2017).

This widespread use of mobile phones is changing how learning takes place in many disciplines
and contexts. Educational apps are seen as a way to encourage young people to use their mobile
phones in a more meaningful way (Appolicious| |2017). Such apps are either used for providing
some kind of information, e.g., “Coursera” for getting online education or “Udemy Online Courses”
or “Khan Academy”, or they are used for language learning, like “Duolingo” or “VoLT” (Beebom)
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2017). In addition to Pocket Code, another app that help students to learn specific programming
languages is SoloLearn (for the use outside of the school). Mobile Learning (mlearning) is about to
be accepted by teachers in classrooms as well (Koltzsch, |2017). Although the author of this thesis
observed that schools are skeptical about whether smartphones should be used for teaching at all,
there are many advantages to doing so. For instance, mobile phones are lighter, cheaper (Statista
Market Analytics, [2016), easier to interact with, more portable, and easier for schools to maintain
compared to PCs and laptops. Hence, teachers need not reserve computer labs for CS education. The
option of using mobile phones also solves the problem that appropriate hardware infrastructure is often
outdated and/or insufficiently available in schools. Furthermore, not all students have access to a PC
for homework, but almost all of them own a smartphone. Since, modern smartphones are increasingly
owned by students all over the world this could help to solve the hardware problem in and outside of
schools. With the use of mobile devices, the learning process becomes more independent and flexible
of the spaces previously determined for their use (OECD, [2004). During a research study (Funke
et al., |2017)a requirements catalog for mlearning environments has been developed. Including but
not limited to, the following technical, educational, usability, and socio-cultural requirements should
be fulfilled (see full list in (Funke et al., [2017)): functionality (e.g., accuracy), security, performance
(e.g., scalability, memory storage, energy consumption), pedagogical (e.g., separate views, content
management, interactivity), accessibility, help-options, or other support options (e.g., customization,
error tolerance, update, and configuration), communication (e.g., feedback, collaboration), and finally,
portability.

To achieve long-term use in schools, it is important to evaluate and improve technology acceptance
and the usability of mobile devices as learning tools among students. On the one hand, using mobile
devices can make the learning environment more interactive, enhance the learning experience, and
deliver knowledge in a more effective manner (Botha et al.,[2010). On the other hand, most learning
resources are designed for desktop and laptop applications, such as Scratch. When applying such
models to mobile devices there are a few points to consider (Berri et al., 2006), e.g., the creation of
pedagogical learning models to handle specific mobile learning constraints, to adapt learning exper-
tise to suit mobile environments, and to support technically mobile learning at the network level as
well as at the handheld device level. For students, a learning app must also meet the user’s require-
ments concerning usability, ease of use, and satisfaction in order to foster the students’ intent to use
it (SuKuenSeong, [2016). Students need some time to realize the educational benefits of tools and thus
gain the element of internal motivation later.

To conclude, mlearning methods open a new world of opportunities for teachers and students (Pereira
and Rodrigues| [2013)). In the future, smartphones will have faster CPUs and an increased memory and
battery level. Connectivity technologies, such as Wi-Fi, 5G, GPS, and Bluetooth, allow enhancements
and dynamic small-screen interface designs create the best user experiences. Teenagers increasingly
have mobile devices on their own, which enables them at any time to creatively express themselves
and to use apps that bring their ideas and creations to life. With a more meaningful use of mobile de-
vices, children worldwide will acquire powerful knowledge that will make them into better problem
solvers, thinkers, and learners. In addition, starting in May 2018, Samsun will be promoting the
initiative "mobile classroom" for the third time. A roadshow across Austria in collaboration with the
programming app Pocket Code of which is very welcomed by teachers.

26Samsung/C0ding for Kids: http://www.samsung.com/at/microsite/digitale-bildung/coding-for-kids/
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2.2. Games and Learning

Much effort can be recognized from the Austrian government (Federal Ministry of Education Austria
[4], 2017), the European Commission (European Commission [1], 2016), and from institutions all
over the world (Code.org, |2018} [Ladner and Israel, [2016) to apply gaming concepts from primary
school to higher education (see Section[2.1.1)). In addition, games are known as an effective approach
for teachers to motivate students to interact and communicate as well as to learn (Kafai and Vasude-
van, 2015). Yasmin Kafai and Seymour Papert (Kafai, [2006; Papert, |1985) point out that it is much
more effective when students program games on their own instead of just learning about coding. To
play an active part in the learning process and to create something meaningful allows students to
collaborate and construct solutions for problems (see Section 2.1.3). Uptakes of the constructionist
approach (Papert and Harel, [1991) to foster playful activities in teaching are increasing within the
education communities, e.g., K-12 movements in the US (Kopcha et al., [2016). Through an inter-
disciplinary approach, teachers not only transfer their subject knowledge but also teach fundamental
programming skills. Playful coding activities are therefore a perfect match of development of creativ-
ity, problem solving, logical thinking, system design, and collaboration skills (Backlund and Hendrix),
2013). In that way, students can learn about a specific concept or subject by developing personalized
games, allowing students to freely select and use content-related preferences, like genres, themes,
goals, characters, game dynamics and mechanics, backgrounds, or assets.

Before presenting the concepts of GBL, GDBL, and game jams, terms like game, play, and im-
portant gaming elements are defined within the next section as the basic background for this study.
Games can be applied physically by using board games or played digitally, e.g., on consoles, PCs,
tablets, or smartphones. As already mentioned in previous sections, the global video game market is
increasing; in 2016, it was valued to be at 75 billion U.S dollars (music industry: $43 billion and film
industry: $38 billion) (Statista, |2016). This study is focusing more on digital games and how digital
gaming principles can be used in classrooms.

2.2.1. Games and play.

Games and play have always been a part of people’s lives (Culin, 1975). Games were played in
Egypt and Rome. The modern study of play can be traced back to Johan Huizinga’s study of “Homo
Ludens” (1938) (Huizinga, 2009). Huizinga describes a game as a voluntary activity bound by certain
rules of time and space. In contrast to games, play is a more free activity without a set of explicit
rules (Deterding et al 2011). A game, for example, is “Hide and Seek”; it has a certain space in
which the players are allowed to hide. This rule is applied at a certain time and only on the playground.
People who transgress the rules have to deal with negative consequences.

The goal and also the value of a game is to be engaging, exciting, and to bring fun; and not to be
a task in a traditional sense. Game value means that the game interests players to engage with the
game through achievements, tasks, and appropriate goals (Shi and Shih, [2015)). Besides this, a game
is defined as being challenging, giving a sense of achievement, and joyful, thus it differs from the
“ordinary life” (Seaborn and Fels, 2015). These factors should overlap with one’s own interests. A
game is a leisure activity and it is mostly driven by a goal or purpose. In many (digital) games, players
solve difficult objectives, and thus they become more skilled and gain more knowledge and courage,
which makes the game more challenging overall (Pereira and Rodrigues), 2013)). This is defined as the
“Flow of a Game” (Nakamura and Csikszentmihalyi, 2009), which builds on the interaction between
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challenges and skills. At the beginning, the player is usually unskilled, and therefore the game has to
be simple. The player experiences playing as fun because of the novelty of the game for him or her,
thus the player is in the flow. After some time, as skills improve, the player needs new challenges
otherwise, the game will become boring. The more difficult the challenges are, the higher the fear of
failure. Since neither boredom nor anxiety is a positive feeling, the flow state is very desirable. Flow
is achieved if the skills of the player match the challenge tasks, i.e., when the right level of difficulty
is chosen, see Figure[2.5]

5]
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Az

Challenges

(Low)
0

0 (Low) (High) =
Skills

Figure 2.5.: Flow of a game (Nakamura and Csikszentmihalyi, [2009) Flow state: Challenge and pac-
ing must rise to match skill, to support continued engagement.

In addition, Csikszentmihalyi (Nakamura and Csikszentmihalyi, 2009) presented several dimen-
sions of the flow experience: clear goals, immediate feedback, a merge of action and awareness, a
sense of control, and that the experience becomes more autotelic. To conclude, students experience
flow if they do something that is challenging for them (Brophy, 2013}; (Chenl 2007).

The replay value is one of the critical factors of a game (Sampath| 2004). If the player is already
familiar with the game, he or she knows what to expect, and therefore he or she has to be animated
by new challenges through, e.g., levels, points, difficulties, or upgrades. These elements are defined
in the Mechanics, Dynamics, and Aesthetics framework (MDA) which is part of the next section.

In summary, games provide a high level of engagement, through “flow” by combining elements of
challenge, fun, and curiosity (da Rocha Seixas et al., [2016); thus they meet the trend of pedagogical
paradigms calling for active, constructive, and playful learning (see previous sections).

2.2.1.1. Game design elements.

Most characteristics are very similar in all games. For instance, rules, goals, variables, and uncer-
tain outcomes (Seaborn and Fels| [2015). Games are formed from a variety of components and it is
the players’ perception, which determines whether the experience is fun and entertaining or not. In
addition, the Mechanics and Dynamics of a game motivates the players to keep on playing and to
be successful (Ibanez et al.,|2014). The definition of a game supplied by video game developer and
author Jane McGonigal (McGonigal, 2011)).

“When you you strip away the genre differences and the technological complexities,
all games share four defining traits: a goal, rules, a feedback system, and voluntary par-
ticipation.” (McGonigal, 2011, p. 21)
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Different dimensions exist within games that characterize them 2003). The game design
elements can be broken into three subcategories:

* Gaming-world (e.g., level design, theme, genre)
* Game-structure (the rules of the game and the goal, MDAs)
* Game-play (e.g., the story, the player and their actions, strategies and motives)

Below, these characterizations are described in more detail. A storyboard can help to define the
gameplay, the design of the game, the story, and to provide an overall picture of the whole gaming
world 2006). Storyboards were used many times during the project (see next chapter) and an
template is part of the Appendix (see Appendix [A.3)).

Gaming worlds: genre, themes, and goals.

This work was part of the European Delivery 3.1 (Martinovs et al., 2017) and part of the authors
previous work (Spieler et al.l 2017). At the beginning of the game design phase, elements of the
gaming world can be defined, e.g., how the game is played/interactions, the scope of the game, how
many levels should be integrated, and the look and feel of the whole game 2006). First selecting
a genre and theme can be helpful in directing game design. Genres classify games based upon their
characteristics. Video games exist largely in a commercial entertainment marketplace and have been
formed around clusters (Ferreira et al.l [2008; [Lee et al., 2014). The classifications of game genres
are unfixed and diverse. The genres in Figure 2.6] have been identified as offering useful models for
gameplay for this study. These genres were used during the European project for designing new game
templates (see Section [3.4.2.2), as well as for the analysis of the created games (see Section {.4.2),
and are also considered in the developed PECC model (see results Chapter [5) to support the design
process during coding activities.
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Figure 2.6.: Clustering of game genres.

Considering the diverse range of genres and their complexity in clustering, some additions to Fig-
ure[2.6|are necessary: the genre jump’n’run is a subcategory of platform games, racing, a sub-category
of simulation, storytelling, a text adventure type game, and skill games, which are from the type puz-
zle. Often the adventure and action genre are classified as one genre because a distinction is not
always clear. Other genres, which are not part of Figure [2.6] are sport, music, or educational games.
In addition, two genres, mentioned in Section m are also missing in this list: casual and arcade
games. Casual is a very broad term and can be defined as “a game with simple mechanics that takes
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skill and time to master” (Portnow, [2009). Thus a lot of mobile apps fall under this category. Arcade
games are a very similar genre that uses short levels, a rapid increase in difficulty, and simple and
intuitive controls (techopedial [2018)). These game genres help to define what game design elements
(MDA) are necessary to effectively create the chosen genre and to help the theme fit’ into the genre
classification.

Besides the genre, other characteristics need to be defined, e.g., the players’ perspective (first- or
third person games), or a distinction between single- and multiplayer games (Col 2006). In a first-
person perspective, the player sees through the eyes of the main character; thus, the player is the center
of action. This is very common for shooter games. The third-person view shows all the characters, as
well as the interaction between the characters and the environment, which is typical for RPG games.
The view has a big impact on the story of the game. On the one hand, single-player games are more
structured, with rules to follow and tasks to fulfill, and on the other hand, multiplayer games rely
on the development of characters, gathering experiences, and interaction with others, e.g., within the
context of Massively Multiplayer Online Games (MMOG).

As for themes, no general classification exists and the theme can be almost anything. A theme
can be used to describe different aspects of a game. It can refer to a specific color, story, or narra-
tive (Brathwaite and Schreiber, |2009). For this thesis, the author will use the term “theme” to explain
the gaming world, e.g., backgrounds or colors that define the game’s aesthetics. Some examples for
themes are criminal/detective stories, science fiction, fantasy, romance, sports, nature, future, space,
realistic, horror, or comic (Col, [2006).

Whereas the theme can change during the game (e.g., with different levels), the genre usually
remains the same (Rollings and Adams), |2003}; [Rouse, [2001). During level design, additional levels
increase in their difficulty and different missions or stages could be considered, which are defined
through the MDA (see next section). The level of control or interactivity of the characters does not
only depend on the genre but also on the technology. Characters in PC games are commonly controlled
via keys or the mouse, whereas in mobile games, finger positions or sensors are used.

Finally, the definition of the main character is important. Some games refer to the main character as
an “avatar” (Brathwaite and Schreiber},2009). Avatars are more a direct representation of the player in
the game. Examples for avatars are, e.g. Lara Croft, or a shoe in Monopoly. Some game genres, e.g.,
puzzle or quizzes do not have a main character; they are typically necessary in action or adventure
games.

Game structure: mechanics, dynamics, and aesthetics (MDA ) for gameplay.

Overall, the gameplay explains the course of the game, rules of the game, and elements such as
actions and levels (Col 2006). According to Salen and Zimmerman (Salen and Zimmerman, 2003)
there are three types of rules that structure games: operational (the rules of play), constitutive (un-
derlying formal structures presented to the player), and implicit (“unwritten rules” of a game). The
rules among other elements (e.g., User Interface-UI) determine the level of gameplay. At this stage, a
higher-level concept can be designed that integrates characters, assets, and other elements like a status
display. It is important for young game designers to know how the elements can be organized and
in which situations specific elements and structures are appropriate. The key elements required for
building applications are based on the Mechanics, Dynamics, and Aesthetics (MDA) Framework (Hu-
nicke et al., 2004). Game MDAs provide a consistent structure to define game elements, goals, and
rules, thereby delivering a common framework and vocabulary for games. The MDA is a formal
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approach to understand games and their elements in order to support the process of designing and
developing a game. It formalizes the usage of games by breaking them into their distinct components
of rules, systems, and “fun”, and establishing their design counterparts of Mechanics, Dynamics, and
Aesthetics (Hunicke et al.,|2004). The MDA framework is shown in Figure @ From the designer’s
perspective, the mechanics generate dynamics, which in turn leads to particular aesthetic experiences.
From the user’s perspective, the process flows the opposite way. First, the player has contact with the
aesthetic component of the game, which is based on the game dynamics, defined through interaction
with the game mechanics. The MDAs have been also defined in the NOLB Delivery D3.3 (Martinovs
et al., 2017).

In other words, rules are instantiated during gameplay,
influenced by the player’s inputs, forming the dynamic of ,
the game. The aesthetics are the emotional responses of the BT T |
player. The MDA does not refer to game design beyond | wecwmncs I omawcs I acsenc
the gameplay, like storytelling or user experience. Below, a —
more detailed description is provided for the three parts of - - -
the model (Bohyunl 2015): S Player

Mechanics describe the particular components of the
game and the constructs of rules or methods for the game- Figure 2.7.: MDA~ Framework (Hu-
play. The game mechanics include points, levels, chal- nicke et al., |2004).
lenges, virtual goods and leaderboards:

* Points are a central building block of game dynamics, and are used to reward users for the
completion of activities, or accomplishing certain behaviors.

* Levels are the point thresholds or milestones that a player must achieve in order to be granted
access to additional functionality and content.

* Challenges/Missions provide people with missions to accomplish and then reward them for
doing so.

* Virtual goods are non-physical, intangible objects that are purchased for use in online commu-
nities or online games, e.g., a place to spend points.

* Leaderboards show users their scores and rankings in relation to others.

* Gifting is a powerful acquisition and retention tool.
Nah et. al. (Nah et al., 2014) listed the following as also important:

* Notifications are a form to provide users with feedback if a desired or undesired behavior is
done. Feedback must be present either as a consequence of user action or to lead the way by
guiding the user to the next objective.

* Timers are shown within the game and set to a specific limit, this can be categorized under the
mechanics challenges.

Dynamics are defined through interactions of users with the game mechanics and describe the play
of the game when the rules are set in motion. Gamification applies the game dynamics and game
mechanics to get users to participate and keep them engaged. They comprise rewards, status, achieve-
ment, self-expression, competition, or altruism:
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* Reward is the mechanism of earning points, virtual goods, levelling up, and any completing
achievements.

* Status is defined as the rank or level of a player.

* Achievements are virtual or physical representations of having accomplished something and
are similar to levels in that a milestone must be reached before the achievement designation is
awarded.

* Self-expression: an individual’s avatar can act as a rich focal point for expression.

» Competition is given if people gain satisfaction by comparing their performance to that of
others. This can be achieved through, e.g., a high score display.

* Altruism is provided if gift-giving is a strong motivator in a community where people seek to
foster relationships.

Aesthetics refer the player’s experience with the game. Additionally, aesthetics describes the de-
sirable emotional responses evoked in the player while interacting with the game system. Aesthetics
are a matter of taste and it is impossible to design a game that suits everyone (Bergstrom et al., 2010).
They are the reason for playing games and comprise, for example, fantasy, narrative, fellowship, and
discovery:

» Sensation is when the player experiences something completely unfamiliar to them.

» Fantasy is where the player is caught up in an imaginary world, and tied into something that
they feel could exist.

» Narrative creates a story which drives the player to keep coming back.

* Challenge is when the player feels they need to master something.

* Fellowship is portrayed when a community is formed that the player is actively a part of.
* Discovery is generated by the players need to explore.

» Expression is when players use their own creativity or leave their mark.

* Submission is when a player literally "submits’ themselves to the game.

With some exceptions, most games have a goal or common objectives which represent one core
concept of game design (Shi and Shih}|2015)). The designer must think about what kind of experience
they want to provide to the player. The goal of the game is some kind of victory (Brathwaite and
Schreiber, 2009) and sometimes referred to as missions or quests. Goals typically provide rewards,
e.g., to level-up or the option to buy more advanced equipment. Games can have different kinds
of goals, e.g., short, medium, and long-term goals (Swartout and van Lent, [2005). Whereas short
and medium-term goals should satisfy the player, long-term goals represent guidelines for the whole
game. These kinds of goals should motivate the player through the game. The following goals have
been summarized (Brathwaite and Schreiber, 2009; Dormans), [2012):

* Territorial acquisition: the player occupies territory, not necessarily harming other players (e.g.,
The Settlers of Catan, RISK).

* Collection: collect a certain number of objects throughout the game (e.g., Pokémon).

* Solve: solve a puzzle or crime (e.g., Cluedo).
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» Chase/race/escape: anything where the player is running towards or away from something (e.g.,
Police Chase Crackdown).

* Spatial alignment: anything that involves the positioning of elements (e.g., Tetris or Tic-Tac-
Toe).

* Build: advance your characters or build your resources to a certain point (e.g., The Sims).

* Negation of another goal: the game ends if you perform an act that is forbidden by the rules
(e.g., Jenga or Twister).

Finally, in the production phase, assets and sound are designed and the story is applied to the game.
In the game itself, head-up-display (HUD) elements are often used (Poitschke et al., [2008)). These
provide information, e.g., about the status of the game. Examples include score, energy level, time,
and compass or text output, thereby ensuring that the screen remains structured. Other menu screens
are displayed before the game starts or are visible by pausing the game.

To summarize, typical game elements include players and their roles, objectives, procedures, rules
and underlying game mechanics, resources, an underlying conflict, obstacles, and a goal.

2.2.1.2. Game design process.

To transfer the concept of games in a consistent structure, several strategies are possible. For the
European project, the team used the term “ceremony” or “Shape of a Game”. In an article for EDGE
Magazine (Pennl 2005), Gary Penn describes that the term “ceremonies” came from a need to classify
the components of an entertainment product, and has evolved to confirm the occurrence of events for
the player;

“Ceremonies are incentives to play and sustain player interest. Ceremonies frame and
punctuate play, principally the start and end of play.” (Pennl 2005} p. 92)]

This shape of the interface should support overall clarity, help focus on the relevant elements of the
game, and follow a clear method of interaction (Martinovs and Barrett, 2016; Martinovs et al., [2017)).
During gameplay, different stages, such as title screen, instructions, pause, restart, options screen,
game over screen, or high score table can be used to give the player the sense of progression, along
with other common concepts, such as score, energy, or timer. To use the same shape for all games
during the projec and for the game templates (see Section , the structure has been developed
as follows:

* Title screen: name/title of a game
* Instructions screen: conveys goals and rules
* One or more levels: use of the word “level” creates a connection to commercial games.

* End screen: this is linked to the end of a story, the achievement of a target/goal (game over or
win screen)

Together with the described game elements of the previous sections, the shape helps the game
developer to define:

2" The project drew upon the work of partners’ visiting speaker Gary Penn, formerly Creative Director at DMA Design
(maker of the original Grand Theft Auto game).
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» what game design elements are necessary to effectively create the chosen genre
» what the interface is capable of

» will the theme ’fit’ into the genre classification (or the genre fit into the theme)

It is useful to structure the program into sections to visually simplify and map out the structure of
the program. It shows the progress through the game from the start screen; the levels and the options
depend on the choices made. As the games become more complex, the structure would expand, giving
place to multiple choices depending on the game mechanics and chosen game.

For game development cycles, concepts of agile and iterative software development can be used to
leverage this process and to see first results very quickly (Sutherland and Schwaber, [1995; Davies and
Sedley, 2009; DeMarco-Brown), 2013; MacConnell, [1998)). Figure [2.8] visualizes the process of game
design in reference to agile methods. As the scope of this thesis is limited, only a simplified life cycle
is visualized to describe the process of how a team works in iterations to deliver or release software.

The first step, Research, includes the development of the
core idea by producing a simple game concept or a story-
board. In this phase the story, title, genre, and theme of the
game should be selected, as well as a rough concept about
the structure and gameplay (see previous section).

Research/

In the second step, during the Design, the artwork, game
content and other elements (characters, assets, avatars, etc.),
and the whole gaming word is produced.

\{\/ The Development phase, includes all of the actual pro-

Development g gramming, followed by Testing the code and the software

Testing g (playtesting). Several iterations between testing and bug fix-
ing are possible.

As a final step, the Sharing phase is planned, e.g., shar-
ing in public or with a community. In agile development
this could include several beta releases or a final release for
end users. The agile model required to get started with the
project works to bring customer satisfaction by rapid, con-
tinuous delivery of useful software.

Figure 2.8.: Agile Game Development
Cycle  (Sutherland and
Schwaber, [1995; Davies
and Sedley, 2009)

“In an iterative methodology, a rough version of the game is rapidly prototyped as early
in the design process as possible. This prototype has none of the aesthetic trappings of
the final game, but begins to define its fundamental rules and core mechanics.” (Salen
and Zimmerman, 2003 p. 11)

To phrase it differently, before concentrating on every detail of the game, focus on the smallest step
the games needs for playing it, e.g., limited interface control but basic game functionality. This should
help novice programmers/designers to narrow down the development process.

2.2.2. Game-based approaches for learning.

As already described in previous sections, playing video games or mobile games is a popular leisure
activity for young people; however, creating a game seems to be a difficult task. Engaging activities
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are well-received by students and contribute to improving their overall motivation and productiv-
ity (Khaleel et al., 2015). Within suitable game-based learning environments, learners are encouraged
to be creative and collaborate with others. In addition, learners acquire conceptual understanding as
well as practical skills (Singer and Schneider, 2012). Hence, the use of digital games as part of the
formal academic curriculum comes as a natural response (Kerr, 2006). The concepts of intrinsic moti-
vation (see Section[2.1.3.2)) and the flow of experiences are best applied if students are freely engaging
in self-chosen activities with a playful twist (Brophy, [2013]).

Li and Watson, 2011 (Li and Watson, 2011), and Wu and Wang (Wu and Wang, 2012) divided
game-based learning computer courses into categories. In addition to GBL, the game development-
based learning (GDBL) approach is a very promising approach for learners to gain knowledge in
coding and is aligned with the Constructionism theory through allowing users to construct their own
games. GDBL refers to game-themed assignments (O’ Kelly and Gibson! [2006)), e.g., constructing new
games, or completing or modifying existing games and the use of graphical and simplified learning
tools (Cooper, 2010; Meerbaum-Salant et al., 2010). The GBL approach, in contrast, fosters learning
through gameplay and Gamification, as a third category uses external motivators to repeat desirable
actions of students (Ziesemer, [2013)).

First, this section explains different GBL approaches, e.g., to play games, or to use Gamification
elements to motivate students, and summarizes serious games as