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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.
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Abstract (German)

Die Jobs der Zukunft sind weitreichend digital und vernetzt und die Nachfrage nach Arbeitskräften
mit “Computational Thinking Skills” und Problemlösungskompetenzen steigt stetig. In Europa und
speziell in Österreich besteht ein besonderer Bedarf an Softwareentwickler_innen und Expert_innen.
Immer mehr Arbeitsplätze bleiben unbesetzt und die Qualifikationslücken im Bereich des digitalen
Know-hows und der Informations- und Kommunikationstechnologien (IKT) vergrößern sich. Ein Lö-
sungsvorschlag der Regierung ist, digitale Kompetenzen frühzeitig an Schüler_innen zu vermitteln.
Informatik ist im Lehrplan jedoch noch immer unterrepräsentiert und die Unterrichtszeit für diese
Themen ist begrenzt. Von der Grundschule bis zur Sekundarstufe gibt es nur wenige Möglichkeiten
für Schüler_innen Programmieren zu erlernen. Hinzu kommt, dass das Lehrpersonal selbst nur selten
eine technische Ausbildung absolviert hat. Game Design Aktivitäten und Game Development-Based
Learning (GDBL) bieten interessante, zielorientierte und kreative Möglichkeiten für den Unterricht.
GDBL unterstützt zum Beispiel auf diese Weise die Konstruktion und den Transfer von Wissen in
einer unterhaltsamen und pädagogischen wertvollen Weise. Viele Lerntheorien, wie der Konstruk-
tionismus betonen bereits die Bedeutung intrinsischer und extrinsischer Motivatoren in Lehrplänen,
und Spiele sind ein erfolgsversprechender Weg die Motivation von Schüler_innen zu erhöhen. Spiele
können so gemeinsam konstruiert, in der Öffentlichkeit präsentiert oder mit einer Community geteilt
werden. Neue Technologien und der stetig wachsende mobile Gaming-Sektor fördern den Trend, Ler-
nen überall und jederzeit zu ermöglichen. Das Entwickeln von Spielen bietet für alle Schüler_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 Hälfte der erwerbstätigen Bevölkerung in den Industrieländern sind Frauen, aber nur knapp ein
Fünftel der Arbeitskräfte in der Informatik ist weiblich. Diese Geschlechterdisparität in den Technolo-
giebereichen ist ein ernstzunehmendes Problem in technisch spezialisierten Unternehmen aber auch
bereits an technischen Universitätslehrgängen. Dies ist vor allem in der USA, Australien, Europa und
Asien sichtbar, obwohl Studien zeigen, dass Unternehmen mit vielfältigen Arbeitskräften, welche in
Führungspositionen und Teams involviert werden, innovativer sind und bessere Geschäftsergebnisse
erzielen. Daher ist es sehr erstrebenswert mehr Frauen zu ermutigen ein IT-affines Studium zu wählen
und sich auf technische Stellen zu bewerben. Frauen tragen bereits etwa zur Hälfte aller Univer-
sitätsabschlüsse bei. Diese Zahl umfasst aber vor allem Abschlüsse in eher weiblich dominierten Stu-
diengängen, wie Psychologie und Soziologie, sowie spezielle Bereiche innerhalb der MINT-Fächer
(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-
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fängerinnen und Absolventinnen jedes Jahr sinkt. Während sich Mädchen in Unterstufe noch gerne
mit Programmieraufgaben beschäftigen, sind es später nur noch wenige, die Informatik als Studien-
richtung und Basis für ihre weitere Karriere wählen. Geschlechterspezifische Unterschiede in Bezug
auf Interesse, Zugehörigkeitsgefühl und Selbstwirksamkeit sind bereits bei Schüler_innen im Alter
von 12 bis 15 Jahren in Informatik sichtbar. Eine Analyse aller Schwierigkeiten mit denen Teenagerin-
nen konfrontiert sein können, verdeutlichen diese Probleme. Die Literatur und Forscher_innen argu-
mentieren, dass folgende Faktoren junge Frauen in ihrer Berufswahl beeinflussen: männliche Stereo-
typen, Vorurteile gegenüber dem Berufsfeld Informatik, dem männlich dominierten Technologie-
Sektor beziehungsweise die Gaming-Industrie, eine Ungleichbehandlung in der Bildung, das Fehlen
von weiblichen Vorbildern und Mentorinnen, sowie angenommene Defizite von Mädchen, wie eine
geringere technische Affinität oder weniger Erfahrung und ein Desinteresse für technische Bereiche.
All diese Faktoren beeinträchtigen das Selbstvertrauen der Mädchen stark. Das Ergebnis ist eine
Konstruktion des stereotypischen, hilflosen, desinteressierten und unglücklichen "Mädchens in der
Technik". Diesen Stereotypen gerecht zu werden scheint noch beängstigender als das männliche
“nerdige” Gegenstück. Viele Teenagerinnen glauben, dass sie hyperintelligent sein müssen, um in
der Informatik erfolgreich zu sein und nicht, dass eher Eigenschaften wie Motivation, Interesse und
Fokussierung auch zielführend sein können.

Um diesen bereits früh 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 Schulfächer zu integri-
eren und so Programmieren allen Schüler_innen zugänglich zu machen. Lehrende wurden dabei un-
terstützt, dass Schüler_innen Ideen entwickeln und selbst Spiele verwirklichen konnten. Pocket Code
half Schüler_innen dabei ihren Lernprozess selbst zu steuern, sie besser in den Unterricht einzubinden
und sie somit zu stärken. Daten wurden über einen Zeitraum von zwei Jahren (2015-2017) durch
Fragebögen, 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 durchgeführt (das Lernziel wurde individuell von den jeweiligen Lehrper-
sonen definiert). Die Daten lassen darauf schließen, dass die Organisation und Durchführung von
Programmierkursen (zum Beispiel Anwesenheit von Mentor_innen, Hilfe durch unterstützendes Ma-
terial, Freiheiten in der Spielentwicklung, etc.) viel mehr Einfluss vor allem auf das Engagement der
Schülerinnen hatten, als die Programmierung oder die verwendete Programmiersoftware selbst. Im
Gegensatz dazu gaben männliche Schüler häufiger fehlende Funktionen in der App an und wiesen da-
rauf hin, dass das Lernen von Programmieren wichtig für sie sei. Die Analyse der Programme zeigte
unterschiedliche Designmuster von Schüler und Schülerinnen, aber keine Unterschiede im Program-
maufbau. Des Weiteren hängt eine erfolgreiche Lernzielerreichung bei Schülerinnen 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 für eine geschlechtergerechtere
Unterrichtsumgebung für Progammieraktivitäten 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 für Playing, Engagement, Creativity und Coding — beinhaltet
zum Beispiel die Schaffung eines gemeinsamen Ausgangspunktes für alle Schüler_innen (z.B. IT
Jobs definieren, Frauen aufzuzeigen, die in der Informatik erfolgreich sind und ihre Arbeit sichtbarer
zu machen) und fördert 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,
Zugehörigkeitsgefühl und Spaß) und auf die Erreichung des Lernzieles. Die Auswertung der Ergeb-
nisse zeigen einen positiven Trend und ein gesteigertes Engagement von Mädchen 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 Verfügung. In weiterer Folge ist bereits im August 2018 geplant,
erste Tests mit der App in einer “Girls-only” PECC-Umgebung im Zuge einer außerschulische “Girls
Coding Week” durchzuführen.
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Chapter 1
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; Sangrà and Gonzràlez-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; IT 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., 2012; Tsan 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
Eck, 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 Cohen, 2007; Veilleux
et al., 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 (Papert, 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., 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., 2013; Bartilla and Köppe, 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 2.21. 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., 2005; 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., ECGBL1, GWC2, or
serious play events3) 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&IT4) or journals (e.g., Gender
and Education5) 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 (Milgram, 2011; 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.

1ECGBL: 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
5Gender 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 4 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 6 concludes this thesis
and describes the author’s future work. Figure 1.1 displays a picture of the thesis and the relation of
the different contents.
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Chapter 1. Introduction

Figure 1.1.: Content of the thesis “Development and Evaluation of Concepts and Tools to Reinforce
Gender Equality by Engaging Female Teenagers in Coding”
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Chapter 2
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 (Merrit, 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; El-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 (Jingli, 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 2.1 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 20th 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 Report, 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 21st 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).
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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 situation6 (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 al., 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 Ebner, 2017): Switzer-
land (Hasler, 2013; Kretzschmar, 2016), Spain (Gobierno de Espana Ministerio de Educa-
cio, 2009), Germany/Calliope (Calliope GmbH, 2017; Starruß, 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 House, 2016), Australia (Australian
Curriculum, Assessment and Reporting Authority (ACARA), 2017), Code.org (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 (Sentence
and Csizmadi, 2015; Oakman, 2016). In Switzerland, with curriculum 21, for the first time informat-
ics contents are already integrated in elementary school (Hasler, 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 (Starruß, 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”7, 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 11th 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 12th grade (Ladner and Israel, 2016). In addition, non-profit organ-
isations like Code.org8 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 10th 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 (TU)9, or student laborato-
ries for computer science, such as "InfoSphere" of RWTH Aachen10. 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
Pi 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%.

7BBC micro:bit: http://microbit.org/
8Code.org: https://code.org/
9FablLab Graz: http://fablab.tugraz.at/

10School lab Aachen: https://schuelerlabor.informatik.rwth-aachen.de/
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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 Europe, 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 Futschek, 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 10th to 12th 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., 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 Graz11. 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 BY12.

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 20th century.

Learning theories from the past serve as an organized set of principles, clarifying how people acquire,
retain, and recall knowledge (Schunk, 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 21st 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.

11Statistics 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 20th century (Schunk, 2014; Berkley Graduate Division, 2018;
Kelly, 2012): Behaviourism/Instructionism (Skinner, 1976; Pavlov, 1927; von Förster
et al., 2009), Cognitivism (Perry, 1999; Piaget, 1968), Constructivism (Piaget, 1968; Vy-
gotsky, 1978), Constructionism (Papert, 1971, 1985, 1998; Papert and Harel, 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 (Schunk, 2014). Thus, sev-
eral experiments with animals (e.g., mice: Skinner Box (Skinner, 1976), or Pavlov’s dog (Pavlov,
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) (Schunk, 2014). Three models were representative for
Instructionism: “trivial machines”, “black box” (von Förster et al., 2009) and the “Nürnberger 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. "Nürenberger 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 (Schunk, 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).

16



2.1. Computer Science in Education

The constructionist philosophy influenced and supported the research of many, by providing a
framework to integrate a playful approach in coding classrooms or courses (Ildikó Tasnádi and Farkas,
2016; Proctor and Blikstein, 2016), or by adapting it to teach new tools, like robotics (Petroviúc, 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 (Brophy,
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 Deci, 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 (Brophy, 2013).

17



Chapter 2. Literature Review and Background

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 (Kahn, 2017)
and into K-12 movements (Mannila et al., 2014). To acquire CT Skills means to (Wing, 2006):

• 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 Burke, 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., 2010; 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 2.1.3) 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
21st Century Learning — critical thinking, communication, collaboration, and creativity — defined
by the Partnership for 21st 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 21st century. Web-
based technologies like Adobe Flash and later JavaScript, CSS, and HTML5, 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/Squeak13. This language creates traces
13Squeak: 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 al., 1997; Galas and Freudenberg, 2010) which
is an object-oriented application written on top of Squeak. Etoys14 influenced the development of
another Squeak-based educational programming environment: Scratch15. 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 programs16. Other examples are: MIT App Inven-
tor17, Snap!18 (Harvey and Möning, 2010), Blockly19 (Pasternak et al., 2017), Lego Mindstorms20,
TurtleStitch21, and GP22. The educational app Pocket Code23 allows for programing games directly
on the smartphone (Slany, 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).

Figure 2.4.: Examples for visual/blog based programming languages: Squeak Etoys (Kay et al.,
1997), Scratch (Resnick et al., 2009; Resnick, 2017), MIT App Inventor (Wolber, 2009),
Snap! (Harvey and Möning, 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/
17MIT App Inventor: http://appinventor.mit.edu/explore/
18Snap!: http://snap.berkeley.edu/
19Blockly: https://developers.google.com/blockly/
20Mindestorms Lego: https://www.lego.com/en-us/mindstorms/about-ev3
21Turtle Stitch: http://www.turtlestitch.org/
22GP: https://gpblocks.org/
23Catrobat/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 Kiriaki,
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”24 or resources like the “Makey Makey”25 tool became
popular for activities during coding workshops with innovative forms of production and do-it-yourself
work (Schön et al., 2014; García-Peñalvo et al., 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)

• 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 (Telstra, 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 (Költzsch, 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, Samsung26 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/Coding 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.

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; Chen, 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 (Ibáñez 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 (Arseth, 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 (Co, 2006). Storyboards were used many times during the project (see next chapter) and an
template is part of the Appendix (see Appendix A.5).

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., 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 (Co, 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., 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 4.4.2),
and are also considered in the developed PECC model (see results Chapter 5) to support the design
process during coding activities.

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 2.1.4.1, 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 (techopedia, 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 (Co, 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 (Co, 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 (Co, 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 2.7. 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).

Figure 2.7.: MDA Framework (Hu-
nicke et al., 2004).

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
player. The MDA does not refer to game design beyond
the gameplay, like storytelling or user experience. Below, a
more detailed description is provided for the three parts of
the model (Bohyun, 2015):

Mechanics describe the particular components of the
game and the constructs of rules or methods for the game-
play. The game mechanics include points, levels, chal-
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 (Bergström 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 (Penn, 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.” (Penn, 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 project27 and for the game templates (see Section 3.4.2.2), 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:

27The 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.

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

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).

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-
gramming, followed by Testing the code and the software
(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.

“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 well. Second, and most important
for this thesis, it describes the GDBL approach and how students can be intrinsically and extrinsically
motivated by creating games. Finally, an overview about the game jam approach is provided which
was applied during the NOLB project (see next Chapter).

2.2.2.1. GBL, gamification, and serious games.

Within a game-based learning (GBL) environment, students are able to unleash their own creativ-
ity, express themselves, and connect with their classmates, all of which promotes their social inclu-
sion (Chandrasekaran et al., 2012; Craig et al., 2013). By adapting learning content into something
that appears to be a game, a new experience for students is created. To meet the learning objectives
and change them into something that seems more like a game, teachers have to adapt the context,
the set of graphics assets, and the set of game mechanics. Thus, learning can perform as an ac-
tive process based on the learners’ interests, curiosity, and experience. Establishing this educational
practice requires understanding of new learning principles and content-based curriculum issues, stu-
dents’ collaborative-learning processes, and the development of new concepts of projects based on
learning knowledge. In groups, students are able to solve challenging problems that are open-ended,
curriculum-based, and often interdisciplinary. A classroom setting that allows a hands-on approach
additionally provides extrinsic motivations for students (Backlund and Hendrix, 2013; Romero, 2012).
Therefore, the internet enables competition to develop across countries, and software developments
enable cross-platform gaming on the same theme (Chatham et al., 2013). To encourage students to
participate during the lesson through gameplay is an innovative learning approach possessing great
educational value. With game challenges that encourage the player to solve problems in the game en-
vironment, a flow is provided. These challenges, e.g., can be solved through player’s experiences from
previous game levels (Syamsul and Norshuhada, 2010). Some advantages of games are (Lieberman,
2006): that the player has an active experience, games foster learning-by-doing, games are engaging,
games promote behavioral learning, games offer consequences (direct mapping through success and
failure), and games provide role models for the player. Digital game-based learning (DGBL) is related
to GBL, but restricted to digital games (Kerr, 2006).
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Using a gamification approach means to try to keep users or students motivated to perform cer-
tain tasks (Ziesemer, 2013; Glover, 2013; Sheth et al., 2012) and integrate elements, such as points,
badges, and leaderboards, to maintain user activities (Deterding, 2012; Zichermann and Cunningham,
2011). Thus, games offer a reward system to externally motivate (see Section 2.1.3.2). Gamification
does not always involve the use of an actual game; it often just makes use of gamified elements or
patterns traditionally found in games (Hamari and Koivisto, 2013). Gamification involves the usage
of game-based mechanics, aesthetics, and dynamics (see Section 2.2.1.1) to engage students, moti-
vate them, promote learning, and help them in solving problems (Seaborn and Deborah, 2015; Gloria
et al., 2014). The goal is to improve the user experience (UX) and user engagement and a deep under-
standing of users’ needs is required. In such settings, the player performs tasks and is rewarded for
them, which should increase their engagement. However, not reaching the learning goal can lead to
stressful situations, which discourages the users from continuing to play (Zichermann and Cunning-
ham, 2011). Playing is always associated with competition, trial, error, and failure, thus it is essential
that the student maintains a positive relationship with their failures and learns through them (Hamari
and Koivisto, 2013). The social nature of this approach allows students to engage with pre-prepared
content, and game design elements can be used as a tool to control and generally increase student par-
ticipation (Kapp, 2012). However, gamified learning interventions have a larger impact on students
who are intrinsically motivated by playing games overall (Hamari and Koivisto, 2013).

Serious games are not simply for entertainment; they use playful and educational elements that
can be reused in school curricula (Razak et al., 2011). A key factor for games is voluntariness (see
Section 2.2.1), thus, in a school setting, the game has to be very challenging in order to be satisfying.
A serious game (Gloria et al., 2014; Charsky, 2010) should meet learning objectives and at the same
time make playing it fun, provide problems to resolve, enhance the skills level, and provide game
mechanics to entertain and engage the player. Most popular types of educational games use various
strategies, such as quizzes, puzzles, and problem solving activities (Shiratuddin and Zaibon, 2010).
Different categories for serious games exist (Rebolledo-Mendez et al., 2009), e.g., Health games,
Advergames (e.g., Second Life), Games for Training, Games for Education, Games for Science and
Research, Games for Production, or Games as Work. For this thesis, Games for Education are the
most important. These games have the purpose of helping their users learn something beyond enter-
tainment, so that the player gains knowledge or skills about specific topics (Michael and Chen, 2006).
Developing serious games is not an easy task because it requires a balance between theory, content,
and game design elements (Ferdig and Winn, 2009). Thus, serious game developers tend to use an
iterative approach of designing, prototyping, and play-testing, as well as including the target audience
during this process.

2.2.2.2. Game Development-Based Learning (GDBL).

Serious games, as an overall term, involve all aspects of education, e.g., teaching, training, and in-
forming (Michael and Chen, 2006). GBL is the practice of creating serious games to improve teaching
activities and initiatives by virtue of its factors concerning engagement, motivation, role-playing, and
repeatability. The goal of Gamification is to apply game elements in a non-game context. Thus,
GDBL, which is defined as learning by making games, includes all these aspects (see Figure 2.2.2.2).
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Figure 2.9.: Relationship of Serious Games, GBL, Gamification, and GDBL.

In this constructionist-learning environment, learners are encouraged to develop their own games
and make design decisions (Kafai, 2006). Benefits of designing games include enhancing problem-
solving skills, fostering of creativity and self-directed learning, and learning how to code in a fun way.
The game construction process encourages further collaboration and engagement through teamwork
within the classrooms. Therefore, creating personalized games is a popular approach to introduce
novice users to programming, to conceptual thinking, engineering, art, and design.

“In this context, not only can a game be used for learning, but also the game develop-
ment tools be used for studying relevant topics within computer science, software engi-
neering (SE), or game programming through motivating assignments.” (Wu and Wang,
2012, p. 1)

Game creation challenges in schools potentially provide engaging, goal-oriented, and interactive
tasks in classes, thereby supporting the transfer of knowledge in a fun and pedagogic manner (Romero,
2012). Thus, the lecture becomes more dynamic, collaborative, and attractive for students. This can
be achieved by:

• Stimulating computational thinking skills, such as thinking abstractly, and the deconstruction
of a problem into smaller pieces (decomposition and composition)(see Section 2.1.4).

• Moving beyond participation and creative thinking via game-making and coding (see Sec-
tion 2.1.4.1).

• Using new tools and allowing students to be creative (see Section 2.1.4.2).

According to Romeike (Romeike, 2010), further aspects should be considered to promote creativity
and motivation in computer science education:

• The task to be solved should be new and not offer a concrete solution in order to stimulate ideas.

• The task should be defined openly, may provide a framework, and should have an expected
learning goal predefined by the teacher.

• It should be open for extension, changes, optimization, and personalization.

• Learners should be provided with basics in conceptual knowledge to allow a problem-oriented,
critical, and creative thinking environment.

• To allow experimentation without a time pressure and to foster cooperation and collaboration.

The idea is to initially concentrate on designing a game and then to think about the needed pro-
gramming concepts to create the game itself (Khaleel et al., 2015). Therefore, playful learning en-
vironments (PLE) are created (Kangas, 2010), which should support, e.g., playfulness, creativity (by
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using new technology and designing artifacts, or games), collaboration (by co-creation through the
design and play processes), and emotions as a key role in thinking and learning. This research first
describes the importance of an orientation lesson for teenagers to provide them some basic knowledge
as well as small group work sessions to dig deeper into certain topics. Second, they emphasise to help
students in creating their game ideas by designing “what if” worlds and by using templates, sharing
ideas with the whole class, and planning specific elements of the game, like characters and sounds. In
this research, a playing phase was also taken into account to engage in role-play and emerge appeared
threads (kind of unplugged games activity). The goal was to let students make creative play worlds
with narratives and plots, which resulted in a more creative, and playful learning (CPL) model which
focused on the game design and creation. Thus, it supports a variety of learning outcomes: academic
achievements, physical skills, co-creation, and thinking skills.

Two ways exist to integrate GDBL into school lessons; either by letting students create games by
scratch or by using game development frameworks (GDFs)(Wu and Wang, 2012). In addition, many
different roles can be occupied within a game development process, e.g., game programmers, game
designers, animators, musicians, or play writers. Several existing game development kits (e.g., Mi-
crosoft’s XNA28) allow students to either modify existing games or to develop their own new games
with or without programming. GDF in relation to the Constructionist approach connects the edu-
cational tasks with the material artifacts and overall fits very well with the knowledge construction
process. The literature review to GDBL/GDF from Wu and Wang (Wu and Wang, 2012) describes
the five steps within such lectures: 1) to identify explicit course aims, 2) to exercise design and se-
lection of GDFs, 3) to give a tutorial lecture to introduce the GDF to the students, 4) to perform a
starter exercise, which should be easy and allows the students to get familiar with the development
environment, and 5) to implement a game. These steps go along with collaboration (group work), and
(technical) support. For GDFs it is most important for students to have sufficient documentation for
their usage. It should also be easy to learn, allow rapid development, and allow flexibility and cus-
tomization. The evaluation of the reviewed articles concludes that the students showed an increase in
motivation, self-confidence towards CS, scores/performance, understanding, and engagement in those
courses (Owston et al., 2009; Johnson et al., 2016). The study (Wu and Wang, 2012) also mentioned
a number of impact factors which can influence the outcome/success of GDBL courses: teamwork
(appropriate size and working environment), student’s background knowledge (coding experiences),
teachers’ requirements (technical experiences), and time constraints and workload (limited time, task
completion). To ensure that students have enough time, groups should define their own schedule,
check their goals for being realistic, monitor the process, and guide the students in their learning. Fig-
ure 2.10 presents the results of this study. The model contains four elements (course aim, pedagogical
theory support, GDF resource pool, impact factor), six steps A-F to help teachers or researchers to
apply the GDBL design process, and two subjects (students and teachers).

28Microsoft XNA: https://www.microsoft.com/en-us/download/details.aspx?id=23714
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Figure 2.10.: A guideline for technical and pedagogical co-design of GDBL (Wu and Wang, 2012).

Project work in general means working in teams. Mostly, these activities follow a certain se-
quence (Moccozet et al., 2013). First, students decide how to approach the problem and look for a
solution based on their prior knowledge. Second, the team develops roles for each member that re-
late well with their knowledge and complement each other in search of a common goal. Tasks and
responsibilities must be shared among all members of the group to switch from individual work to
teamwork. Third, they gather information from a variety of sources, analyze, and derive new knowl-
edge from it. Collaborative work and the connection with a real world problem makes their learning
valuable. Project work is always student-centered and task oriented. The final artifacts of this project
work can be shared with a community, thus fostering ownership. The benefits of learning through
projects include enhanced students’ participation within active learning and self-learning, enhanced
communication skills, addressing of a wider set of learning styles, and improved critical thinking
skills. This collaboration is needed for developing the game idea, communicating, sharing, and man-
aging assets and codes, playtesting and documentation, see previous section.

Teachers have to consider how to support collaboration and communication during the whole game
production process (Ferreira et al., 2008). They must therefore stick to certain design patterns and
iterative cycles (see Section 2.2.1.2) and explain game elements and rules (see Section 2.2.1.1). The
project in general should foster the teamwork in producing game assets and software. Teachers have
to take into account the different preferences of students, e.g., if they feel more confident in the role
of developers or artists. or that students do not shy away from switching roles. Finally, the teacher
has to ensure that the ideas for games are simple and clear, as well as reduce the size and complexity
of the game projects.

2.2.2.3. The concept of game jams.

The idea of a game jam is to plan, design, and create games during a certain timespan while working
in teams. This concept of performing game jams has been explored in three papers written by the
author (Boulton et al., 2016; Petri et al., 2015; Spieler et al., 2016). The game design discipline
adheres to the Constructionist approach and therefore provides a simple way of learning to code. So
do game jams: they encourage working in a team, situational problem solving, and being creative.
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Game jams are a way to create games under fast-paced conditions and certain constraints (Eber-
hardt, 2016; Deen et al., 2014). The increase in game jam events all over the world has been mon-
umental. Their engaging and creative nature, with the aim of sharing results among players, can be
seen in the high participation rate of such events: in 2013, 16,705 participants from 319 jam sites
in 63 countries produced 3,248 games. By 2017, 36,401 registered participants from 701 sites in 95
countries produced 7,263 games29 (Fowler et al., 2013). Recent studies of game jams explored their
collaborative nature (Chatham et al., 2013) in combination with improvement in self-efficacy (Smith
and Bowers, 2016), identified certain guidelines (Goddard et al., 2014), or investigated the motivation
of jammers and their reasons for participating (Wearn and McDonald, 2016). Until now, less attention
has been given to exploring game jams within an academic context e.g., students at the high-school
level. Goddard, Byrne, and Mueller (Goddard et al., 2014) have identified several game jam character-
istics, e.g., appropriate team size, where teams are formed (online or on-site), audience (professional
or academic), timeframe (normally ranging from 24 to 48 hours (Eberhardt, 2016), occurrence (con-
tinuous or work hours), process (open, internal, or milestones), place (e.g., co-located), awards (for
games or pace), constraints and submission (digital or presentations). The essential factor to frame
a game jam is to define constraints for space and scope like a given theme or additional diversifiers,
e.g., a local multiplayer mode or use of materials found in the public domain. These diversifiers can
provide small additional sub-goals to aim for30. All rules push participants to be fast, think creatively,
work collaboratively, and finish a game within a given deadline (Kaitila, 2012). The theme is kept
secret until the beginning of the jam to ensure equal conditions and to encourage the creativity and
problem solving skills by forming a game that suits the game. Preston, et al. (Preston et al., 2012)
characterized a typical game jammer at the most popular game jam event: the worldwide Global Game
Jam (Fowler et al., 2013), which plays a significant role in research. The participants are mostly male
and already advanced in various areas (knowledge in at least one programming language or game-
making software), with the motivation to meet potential business partners or to sharpen skills. Tools
normally used in professional game jams (Suddaby, 2013), like the game engine Unity3d31 or the
computer graphics software blender32 are either difficult to learn for young students or not taught in
schools. This fact could lead to social pressure for novice developers or women to skip such events
due to their lack of prior knowledge or access to these tools or sense of belonging (see next sec-
tion). Another common issue (Jaffa, 2016) with game jams is that that jam participants need their
own hardware and tools to create their projects which therefore puts participants without the ability
to make their own tools at a disadvantage. Allowing game jams with visual programming tools is
a promising concept that can be easily transferred to a classroom setting. In an academic setting,
game jams allow students with common goals to work together while expressing individual ideas
and creativity (Chatham et al., 2013). Academic game jams are a kind of project work that fosters
collaboration; at the same time, these jams result in understanding learning content from different
subjects (Chandrasekaran et al., 2012). Therefore, game jams cover various game-making disciplines,
like programming, art, literacy, and design, and support learning by doing. The theme can center on
school topics, where factors such as learning achievement, engagement, and persistence are impor-
tant (Goddard et al., 2014). Game jams can contribute to improve learner’s overall motivations and
productivity (Domínguez et al., 2013). Therefore, learners are provided with initial goals, followed
by additional sub-goals within the gaming periods. Within a school context, it is important that game

29Global Game Jam: https://globalgamejam.org/history
30Global Game Jam diversifiers: http://globalgamejam.org/global-game-jam-diversifiers
31Unity3D: https://unity3d.com/
32Blender 3D Software: https://www.blender.org/
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jams focus on networking, collaboration, and engagement, and provide a positive first contact with
coding tools. By staying within certain rules and constraints, the learners were encouraged to be fast,
cut corners, think outside the box, and finish a game within a fixed timeframe (Deen et al., 2014;
Kaitila, 2012).

To conclude, game jams are a entertaining way to create games and to motivate extrinsically. During
the NOLB project GDBL and game jam approaches have been integrated in formal learning situations
and their effectiveness has been evaluated. What seems to be a promising opportunity for all students
raises the question of whether such game based concepts also help to fix the gender gap of women
in IT related fields. Thus, the next sections provide an overview about the apparent gender-gap in
technology fields and universities and broach the issue of female teenagers and coding.

2.3. Women in IC-Technology

Although promoting gender equality is a long-standing policy which all European countries place on
their agendas, gender-based discrimination still poses barriers in several areas. As already explained
in the previous section (see Section 2.1), the acquisition of digital skills is more important than ever
and represents a key professional qualification. In this section, first models of the population pyramid
are presented to show the dramatic impact of the low number of women in IT in the future. Next,
the author tries to explain why ICT is an exception in underrepresentation of women by presenting a
brief history about women and technology. After this, related data is presented to illustrate the current
situation of women in ICT (industry and university level) worldwide, in Europe, and in Austria/Graz
and further explains why it is essential to have women in this emerging sector.

There is a great potential for young women to counteract the acute shortage of qualified profes-
sionals in ICT (Tandon, 2012). However, the absence of females who are interested in ICT fields can
be observed at all levels of education as well as in the industry. Taking a closer look at the different
shapes of the population pyramid from selected countries and continents (Europe, Austria, Central
Asia, and Africa) illustrates the problem these societies will face within the next several years (Popu-
lationPyramid.Net, 2018) (see Figure 2.11). The population pyramid can take various forms, e.g., the
form of an urn, or a drop (Boucher, 2016).

The population pyramids of Europe and Austria are very similar and both have the form of an urn.
Many developed countries have this form of age structure, with a low birth rate on one the bottom
and an ageing population on the top. At the same time, the younger age groups are decreasing from
year to year. This phenomenon is usually called obsolescence. The shape of the population pyramid
of Central Asia is similar to a drop shape, but also has a slight increase in the fertility rate. The drop
shape is typical for industrialized countries, large cities, and especially for city centres. The reason
is that most center districts are not very attractive to families or elderly people, but are preferred by
young adults. The population of Africa shows the shape of a pyramid. Countries with this kind of
population have a constantly high or even rising birth rate and an exponentially spreading base. This
is typical for a low life expectancy and an early, high mortality rate across all ages. Such pyramid
forms are common in developing and poor countries.

What does this mean for the future? Over the next several years, students born during the low years
in Europe or developed countries of 1990-2010 will graduate from high school, thus entering their
professional careers or university. Consequently, those will not replace the people retiring, meaning
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Figure 2.11.: Population pyramid of Western Europe, Austria, Central Asia, and Africa (Population-
Pyramid.Net, 2018)

that the workforce will continue to decline over the coming 20 years to 77% (Schipfer, 2005). More-
over, 65% of the employees will be under 40 years of age. At the same time, the demand for IT
professionals will be increasing with a dramatic impact on the industrial and economic site. While
the population will increase, especially in Africa and Asia, the rest of the world will add only some
millions to the total population (Grant et al., 2004). Thus, the declines in human capital will be cen-
tered in Western European countries, which potentially reduces productivity. Moreover, companies
will struggle to hire young people as the population will get significantly older.
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To counteract this, it is necessary to inspire more young women to aspire for careers in ICT. To
encourage more women to work to increase the labor force, especially in the technology sector, is a
promising approach to contributing toward the longer-term stability of the country. However, on the
one hand, many young women are faced with the decision of choosing between their careers and their
families. On the other hand, they may have less time to devote to having children, which then may
decrease the overall fertility rate of the country again. Since this thesis is focused on how to attract
female teenagers to ICT, it is not the aim to describe all possible barriers and challenges women are
faced with. But of course, it is one impact that contributes to the lower number in women in the
workforce and also influences the gender gap in ICT. However, even outside of the general decline
of the population in industrial countries, the current number of women in ICT is already very low.
Nevertheless, that was not always the case; see a brief history in Figure 2.12 of women in computing.

Figure 2.12.: Women were the first software engineers (The National Center for Women & Informa-
tion Technology (NCWIT), 2016; Ashcraft et al., 2016). Ada Lovelace 1842 (World-
Car Identities by OCLC Online Computer Library Center, Inc., 2017), Hedy Lamarr
1942 (Barnett, 2011), ENIAC (McNulty et al., 1997), Computer-Girls (Harford, 2017;
O’Connor, 2017)

At the beginning of the 20th century, computers and computer programmers were seen as some-
thing negative and strongly associated with women and low-paid secretary occupations. This image
has changed dramatically over the last several decades. Researchers have tried to explain why there
was this huge decline from approximately 50% to 37% in 1986 to a mere 17% today (The National
Center for Women & Information Technology (NCWIT), 2016; Ashcraft et al., 2016). Possible rea-
sons to describe this phenomena are largely rooted in pop culture and targeted marketing toward
boys. For instance, movies in the 80s established a stereotype of the “computer programmer” (e.g.,
“WarGames”), the development of video game consoles and games targets mostly young boys, and IT
jobs became more lucrative or cool, which appealed to boys and men hoping to score high paying jobs,
prestige, and technological knowhow (also known as the “Mark Zuckerberg effect” (Kumar, 2011)).
This will be discussed in more detail in Section 2.4.1 with a focus on the teenage girls of today.

In 2018, women in ICT are still facing significant barriers in the workplace. According to the
statistics of the World Bank (The World Bank, 2017), women account for approximately 40% of the
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workforce worldwide. In Western Countries the average labor force of women is 46.55% (Austria,
Spain, Germany, UK and Switzerland), but the tech field is notoriously male-dominated at all lev-
els (Wisniewski, 2017)(see Figure 2.14 (Krook, 2018)), with the most differences in the higher levels.
In the tech industry, only 21% of the executives are women.

Numbers show that during the past decade, women’s positions in ICT professions have not im-
proved and women’s employment in ICT occupations increased slower than men’s employment (Lam-
borelle and Fernandez, 2016). In 2016, only 18% of the tech workforce in the EU member states was
female (see Figure 2.13).

Figure 2.13.: Women in ICT: How do EU member states measure up? (Lamborelle and Fernandez,
2016)

Figure 2.14.: Tech industry: a
male dominated
sector (Krook,
2018)

The figure shows that the countries with the most pronounced
gender inequality are the Benelux countries (Belgium, Nether-
lands, and Luxembourg: 13%), Italy, and Portugal, with 13%
women in the tech sector (Lamborelle and Fernandez, 2016; Eu-
rostat, 2017). Bulgaria has the highest proportion of female ICT
specialists (32%), closely followed by Estonia (30%) and Roma-
nia (29%). The percentage of female ICT specialists reaches only
15% in Austria, 18% in Germany and Spain, and 17% in the UK.
A more recent study from 2018 (European Statistics, 2018) sum-
marizes all science and engineering jobs in the EU (60% were
men and 40% women). But again, a similar picture: Women are
underrepresented in Luxembourg (25%), Finland (28%), Hungary
(31%), Austria (32%), and Germany (33%). The European Com-
mission plans to close the large ICT gender gap, e.g., with policy
and funding programmes (European Commission [2], 2016) like
Grand Coalition for Digital Jobs33, or Horizon 2020 which has the
requirements to include women in evaluation panels and scientific consortia.

33Grand Coalition for Digital Jobs: https://ec.europa.eu/digital-single-market/key-priorities-grand-coalition
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In other developed countries, the picture is the same. In the US in 2016, 57% of the workforce was
female but only 26% of the women were working in computing occupations (NCWIT, 2017) and 56%
of women who enter the field leave for other careers (IT Manager Daily, 2018). The same is true for
Australia (46.2% women workforce, 28-31% of women in the roles of technology (Charleston, 2017)).
Another alarming situation is the digital gap of women and ICT in Africa (Buskens and Webb, 2014),
e.g., in Kafanchan or in northern Nigeria. Africa has recently seen rapid growth in Internet access but
females are vastly underrepresented in this sector.

The gender gap in IT is not a worldwide phenomenon and also does not exist in such large amounts
in eastern states, like Romania, Bulgaria, or Latvia (Fiscutean, 2017). Here, research shows that if
the government minimizes or equalizes the choice and opportunities, i.e., all people have to work
regardless of their gender, they were pushed equally into engineering and science occupations and
equally paid as well; it results in more gender-neutral distribution across professions (Sanders, 2005).
This is the result of the communist regime, with a huge demand in workforce, but also more women in
these states occupy management positions (Fiscutean, 2017). Even working hours are more flexible;
however, women are the ones who do childcare and other unpaid work (Ferrant et al., 2014). Another
assumption is that the culture plays an important role (see India, Armenia (Gharibyan and Gunsaulus,
2006), or Vietnam (Shillabeer and Jackson, 2013)). For example, in the Arabic population in Israel,
61% of the students in CS classes are female. What is at first surprising or even pleasant is the result
of the minimal options available to young women in those countries (Ripley, 2017). However, a closer
look shows that countries that have the most female college graduates in STEM fields were also some
of the least gender-equal countries (Stoet and Geary, 2018). The article states (Ripley, 2017), “A boy
doesn’t need to study hard to have a good job. But a girl needs to work hard to get a respectable
job.” In addition, the overall proportion of the female workforce relative to the overall labor force is
very small across Arabic countries (The World Bank, 2017), see Saudi Arabia (16.19%), or Yemen
(7.88%). Statistics from Asia show mixed numbers. On the one hand, in Malaysia (60% female
students in CS programs) or Chang Gung University in Taiwan and Mahidol University in Thailand
(both 48% female students in CS programs), no gender gap in IT is present (Ong, 2016). On the other
hand, at the Hiroshima University in Japan, only 4% of the students are female. In India, the problem
women face is a more general barrier to work than a gender gap in a specific sector (Oliver, 2017).
To conclude, a comparison of “women and IT” across cultures on one dimension raises more open
questions than it brings solutions. It seems that countries that empower women, empower them more
to choose the career they want to or to choose other fields if they are not interested in STEM.

Many believe that there is no obvious reason why there are less women in tech industry than men
and that it must be something “biological”. But two arguments hold strongly against this theory: the
historical and cultural differences clearly show that biology is not a factor. Some literature argues that
the truth lies somewhere in the middle and that there is no single answer which explains the current
situation. Despite this, a majority of people believe that in the future more women will occupy the
tech industry regardless of current trends, but a steady decline of women in IT and other such factors
do not support this argument (Flabbi et al., 2014).
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“I have very personally felt the overwhelming loneliness, self-doubt, and frustration
that often comes with the minority status of a woman in engineering. As much as I can
help others get through or avoid those difficult stretches that I myself had to weather, I’d
like to. As a bonus, the more women (and minorities) that enter and don’t leave the field,
the better it all gets for everyone, including me!”

Tracy Chou, Software Engineer at Pinterest

“I think it’s very important to get more women into computing. My slogan is: Com-
puting is too important to be left to men.”

Karen Sparck Jones, Professor at Cambridge Computer Laboratory

A lot of studies refer to the imbalances or inequity in CS education system, but differences are
also visible in recruiting and hiring (UK 2014: only one-in-twenty job applicants were women (Burn-
Callander, 2014)), in the gender pay-gap (women earn 59% of what men earn (Wisniewski, 2017)),
and retaining (US 2014: 45% are more likely than men to leave in their first year (Hewlett and Sherbin,
2014; Ashcraft et al., 2016)). To limit the scope of the thesis, these issues will not be discussed further.
The focus of the next sections is to describe the problem a lack of of gender diversity in the educational
pipeline.

2.3.1. The gender gap in CS-deegrees.

The underrepresentation of women in IT in the Western World is certainly the result of their over-
whelming underrepresentation in CS-related degree programs. The number of female students who
choose a technical degree course is far below the average number of males. This is true especially for
Western Countries (Lamborelle and Fernandez, 2016; eMarketer, 2015; The Women’s Engineering
Society (WES), 2017; Catalyst, 2016; Google, 2016), whereas again Eastern Europe has the highest
number of women in Europe enrolled in STEM degrees (but only 8.13% enroll in ICT degrees) (Un-
esco, 2015). To phrase it differently, out of 1,000 women with BA degrees in Europe, only 29 hold
degrees in an ICT-related field.

Figure 2.15.: US: Female percentage of select
STEM undergraduate degree recipi-
ents (Ashcraft et al., 2016).

The term “leaky pipeline” is described
in (Dee et al., 2009) and explained best by
an example of the UK. All undergrads are
educated in ICT related technology, as al-
ready explained in the previous section (see
Section 2.1.1). This means that approxi-
mately 50% of the undergraduates who re-
ceive ICT education are female whereas only
17% of the workforce in the UK ICT field
consists of women (Lamborelle and Fernan-
dez, 2016) and only 15.8% of engineering
and technology undergraduates are female in
the UK (The Women’s Engineering Society
(WES), 2017). However, the ICT curriculum
in the UK changed 4 years ago. Every year, the
Federal Statistical Office in Germany publishes

the newest numbers of first-year students and students in general (German Federal Statistical Office,
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2017). In 2017, the number of students in total was higher than ever (+ 1.5%). However, in compari-
son, the number of first-year students in computer science shows a significantly decrease (-4.1%) and
the number of first-year female students has even declined at 8.8%.

Statistics from the US (Espinosa, 2015) in 2014 showed that women earn only 19% of engineering
and 18% of computer science bachelor’s degrees. Figure 2.15 shows women’s participation in science
increased significantly but decreased in CS (Ashcraft et al., 2016). In Canada, a study about career
interest (Shillabeer and Jackson, 2013) showed that the lack of interest of women reduced the per-
centage of people indicating that they were interested or very interested in “High Tech/Computers” to
20%. In Australia (Catalyst, 2016) in 2015, only 15.5% of those enrolled in information technology,
engineering, and related technologies were women. As described in the previous section, countries
with higher gender inequality mostly have a higher number of women in STEM fields due to reasons
which are not always fair or under the best conditions (Stoet and Geary, 2018). Figure 2.16 holds a
scatterplot of countries that shows the number of female STEM graduates and their Global Gender
Gap Index (y-axis) (Khazan, 2018).

Figure 2.16.: Scatterplot of countries that
shows their number of fe-
male STEM graduates and the
Global Gender Gap Index (y-
axis) (Khazan, 2018).

Research on women at universities shows that some
of the female students believe that their gender is
incompatible with CS (e.g., it makes them question
their ability or position), while others feel that be-
ing female is a motivator to challenge the stereo-
types (Denner et al., 2015), and some mention in tech
they have the feeling of being financially secure and
on equal footing with men (Stoet and Geary, 2018).
Since the focus of this thesis is to reinforce females in
their early years, more research towards female stu-
dents and their interests, confidence, and motivation
in middle schools is presented subsequently in Sec-
tion 2.4. But first, the author tries to answer why it is
important to have more women in tech fields in gen-
eral.

2.3.2. Situation
at universities in Austria and Graz.

In Austria, the total percentage of women at public universities in STEM fields is 34% (Summer Term
2016) and in all other fields at university, the overall percentage of women counts for 61% (Binder
et al., 2017). At universities of applied science (“Fachhochschulen”), the proportion of women in
STEM subjects is even lower (23%). Furthermore, at public universities, about 36% of the degrees
in STEM studies are earned by women (FH: 23%), in other fields the percentage reaches 65% (FH:
64%; see Table 2.1).

44



2.3. Women in IC-Technology

Table 2.1.: Gender distribution at all universities in Austria. Studies in the Winter Term 2015/16.
University degrees in the year 2014/15.Hochschulstatistik (BMWFW) (Binder et al., 2017)

studies university degree
women man woman man

FH STEM total 23% 77% 23% 77%
other fields 64% 36% 64% 36%

Uni STEM total 34% 66% 36% 64%
other fields 61% 39% 65% 35%

A lower number of women can be recognized especially in the degree programs of computer sci-
ence (university: 16%, FH: 15%) as well as engineering and engineering programs (university: 18%,
FH: 21%; see Figure 2.17). The proportion of women in architecture and civil engineering (42%),
in chemistry (47%), and especially in biosciences (65%) is in comparison relatively high (see Fig-
ure 2.17).

Figure 2.17.: Development of the proportion of women in STEM studies at public universities by
fields. Bachelor’s, master’s, and diploma programs are shown in Winter Terms. Univer-
sity records (BMWFW) (Binder et al., 2017)

In total, all male and female students in STEM bachelor programs have the same success rates of
about one third (Binder et al., 2017). However, more men (16%) further enroll for a graduate study
(master’s or doctoral program) than women (10%). Degree programs of other fields are more likely
to be completed by women. Here, it is apparent that the higher the proportion of women in a subject,
the more frequently women complete their studies compared to men, and likewise (Dornmayr and
Winkler, 2016). The only exception in success rates and gender is the study of computer science:
Here, women have a 10%-points lower success rate than men. One explanation of this gender related
success rate is the differences in the school education. Overall, women in STEM studies more often
have an AHS-Matura (66% vs. m 50%) and more rarely an HTL-Matura than men (8% vs. men’s
37%). To conclude, the success rate of female students in the STEM area with an HTL-Matura degree
is much higher than those of students with an AHS-Matura degree.

The percentage of female students at Graz University of Technology (TU Graz) in Austria for the
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winter term 2017/2018 reaches just 24.44%34. This number increases slightly every year (Summer
Term 2017: 23.70%) but it is mainly due to the high amount of female first semester students in
architecture, biomedical engineering, and chemistry. A closer look at the percentage of women’s
bachelor’s degrees in computer science shows a percentage of 12.95%. The gender distribution at
the TU Graz in the different levels continues to show inequality (Koffler, 2018). Among students,
women are in the minority (78% men) and among the graduates almost 80% are male. The proportion
of women falls to 25% for doctoral graduates. The amount of female professors clearly reflects this
unbalanced gender ratio. At the upper levels of career opportunities within universities, the proportion
of women falls to 26% assistant professors and for professors even lower to 7% with means that from
118 professors at TU Graz only 8 are women (see Figure 2.18).

Figure 2.18.: TU Graz: students and staff 2017 (Koffler, 2018).

An examination of the number of students regarding the degree programs “Software Development”
and “Business Management” at TU Graz is presented in Table 2.2.

Table 2.2.: Percentage of female students in Software Development and Business Management at Graz
University of Technology.

% of females 1st semester % of females 4th semester % of retention
2011 10% 6% 54%
2012 13% 7% 51%
2013 25% 18% 73%
2014 23% 18% 77%

34TU Graz student statistics: https://online.tugraz.at/tugonline/Studierendenstatistik.html
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This table points out two major problems we face at TU Graz. First, a very slight increase in the
number of female students over the years and second, an increase in the retention rate, which further
represents a decrease in the number of finished degrees.

For the representation of the phenomenon of the "Leaky Pipeline", often so-called scissors diagrams
are used (Eckstein, 2014). Figure 2.19 shows the career path at University of Graz. Here the number
of female university assistants is relatively the same as the number of men, but when it comes to the
number of female doctoral candidates and especially the number of female professors, the gender gap
is clearly visible.

Figure 2.19.: "Leaky Pipeline" Karl-Franzens University Graz (Eckstein, 2014).

To conclude, the situation is not surprising as it is similar to those in other developing countries.
Whereas in general there are more female students at university level, the percentage of women who
study computer science-related subjects is very low. Reasons why female teenagers decide not to
choose CS as a major are described in Section 2.4.

2.3.3. The importance of women in ICT.

The reason why the world needs more women in ICT disciplines is not only a matter of fairness (Mil-
gram, 2011). It is necessary because women represent over half of the world’s population but are
mostly underrepresented in those fields (see previous section). Girls and women have caught up with
boys and men as users of technology, but not as producers of it. Our future will largely be digital and
its innovation is by no means complete. Not involving women creates a situation in which improve-
ments, projects, and research are largely done without their participation. Moreover, this means that
they are not part of important decisions being made in the world of tech today and that funding will
not be awarded to develop their ideas and concepts.

A number of equality policies try to ensure gender equality at all levels. According to Gildemeis-
ter (Gildemeister, 2010) “gender” is created and reproduced as a socially distinction. Thus, gender is
the construction that society uses to determine which roles, behavioral descriptions, professions, and
social opportunities are connected with respective gender affiliations (Bauer, 1995). Gender Main-
streaming (Europe of Council, 1998; Ketelaars, 2017) compromises the organization, development,
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and evaluation of the decision-making processes, with the aim that the actors involved in political
shaping take the viewpoint of equality in all areas and at all levels. The contract of Amsterdam
1997 states the promoting of “equality between men and women” is an important task of European
society (Office for Official Publications of the European Communities, 1997). The National Sci-
ence Foundation (NSF) includes the importance of “preparing a diverse, globally engaged science,
technology, engineering, and mathematics (STEM) workforce.” (Iacono, 2013). In addition, similar
agreements are stated in the Federal Constitutional Act of Austria 2009 (Federal Chancellery Aus-
tria, 2009) and in the Equal Treatment Act of 2004 as a cross-cutting issue (Bundesgesetzblatt I No.
66/2004, 2004). The goal is to restructure traditional thoughts and change the way culture and society
is currently divided and organized. specific measures in favor of women are, for example, quantitative
measures (quota: binding and voluntary), and qualitative measures (mentoring, initiatives, networks)
with the goal of integrating women in existing societies. Quotes, policies, and measures are necessary,
because there already exists huge hierarchical gender segregation (in leadership positions) (European
Commission [3], 2013), a horizontal gender segregation (unequal distribution of gender across differ-
ent work areas) and a mismatch between work performance and payment (Ferrant et al., 2014). When
women take the role of technology leaders, it can break down personal identity barriers such as gender
role stereotyping and discrimination.

Gender equality is positive: A number of studies show that groups of employees with diverse back-
grounds, interests, or cultures leads to better results and that they come up with more “neutral” or
“critical” perspectives (Tsan et al., 2016; Cukier et al., 2002; Sanders, 2005; eMarketer, 2015). A
study that observed more than 100 team of 21 companies concluded that teams with equal numbers of
men and women were more likely to experiment, be creative, and share knowledge (NCWIT, 2015);
additionally, women in tech teams boost problem-solving and creativity in teams (IT Manager Daily,
2018). Moreover, one study has found that adult groups which consist of women outperform groups
which consist of male members in a collaborative task (Woolley et al., 2010). Increasing the num-
ber of women in organizations leads to an increased sense of loyalty and boosts staff motivation and
satisfaction, which also improves the image of a company (Olgiati and Shapiro, 2002). McKinsey &
Company Inc. (Hunt et al., 2015) suggests that successful companies make gender diversity a priority.
Companies that have made significant efforts to diversity are the most successful and an analysis of
20,000 companies showed that successful tech startups have twice as many women in senior posi-
tions (Hunt et al., 2015). Equal opportunities are accompanied with higher economic performance,
which leads to improved economic efficiency (Flabbi et al., 2014; Julizaerma and Sori, 2012), bet-
ter economic numbers in general (Hunt et al., 2015; The National Center for Women & Information
Technology (NCWIT), 2016), and increases the value of the company overall (Campbell and Vera,
2010; Carter et al., 2003). Gender equality and equal treatment increase the sustainability of organi-
zational decisions (Eagly et al., 2014) and it has been shown that women make less unethical decisions
at work overall (Kish-Gephart et al., 2010). The European Commission’s report that “The Business
Case of Diversity” showed benefits that companies gained ranged from reduced absenteeism, reduced
employee turnover, and a stronger corporate image for companies that include diversity practices in
their business. Frieze and Quesenberry (Frieze and Quesenberry, 2015) add that just acquiring more
women does not improve the overall situation (e.g., only to meet the quota which may leads to a high
retiring rate again) but inclusive environments are the key.

All people can benefit from environments, policies, and cultural beliefs that reinforce inclusivity
and equity. Staut and Camp (Stout and Camp, 2014) mentioned two more viewpoints. First, from
the humanitarian standpoint, equality means that all humans should have the same opportunities, and
second, from a capitalistic perspective, we must consistently ensure a homogeneous set of experiences
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among the workforce. To conclude, everybody has to understand that this is not a “women’s issue”, it
is a “people’s issue”, and it should be in the interest of the whole computing world, rather than in the
interest of any specific underrepresented group to enhance diversity in general (Ketelaars, 2017).

2.4. Closing the Gender Gap in ICT in Female Teenagers

Paying closer attention towards diversity in ICT raises the question of why there are not more women
in this industry, in STEM/ICT degree programs at universities overall, or even in voluntarily offered
computer courses at high schools or off-school initiatives. This topic has been already discussed for
decades, with researchers wondering what prevents young women from choosing an ICT career. A
lot of recent literature addresses this bias or tries to explain diverse reasons why the gender gap in
tech exists. On the one hand, it has been investigated if teenage girls have different (pre-) percep-
tions, strategies, and qualities (Dasgupta and Stout, 2014; Castillo et al., 2014; Cukier et al., 2002;
Unfried et al., 2015; Khan and Luxton-Reilly, 2016; Eccles, 2007), or a lower self-efficacy or sense
of belonging or more negative attributes in regard to computers than boys (Beyer et al., 2002; Pa-
jares, ress; Beam et al., 2002; Veilleux et al., 2013; Eagly and Wood, 2012; Heilman, 1983; Galdi
et al., 2014; Young et al., 2013; Good et al., 2012). On the other hand, the literature assumes 1)
that girls are being less interested, motivated, or engaged in STEM/ICT disciplines (Gabay-Egozi
et al., 2015; Medel and Pournaghshband, 2017; Hulsey et al., 2014; Milgram, 2011; Tsan et al., 2016;
Davies et al., 2014; Zagami et al., 2015; Carter, 2006; Appianing and Eck, 2015; Baumeister and
Leary, 1995; Walton and Cohen, 2007; Eccles, 2011), and, 2) that missing female role models or
mentors (Young et al., 2013; Galdi et al., 2014; Young et al., 2013; Mason et al., 1991; WiCS Avo-
cacy Council, 2015; Ong, 2016; Oliver, 2017; Next Generation Recruitment, 2018; Back et al., 2011;
Cohoon, 2011; Lockwood, 2006; Ko and Davis, 2017; Clarke-Midura et al., 2016; Zaidi et al., 2016;
Wood and Mayo-Wilson, 2012; Holliday and Luginbuhl, 2004; Townsend, 2002; The Association for
Women in Science/AWIS, 2017), or the existing stereotypes about geek culture influence their career
choices (Cheryan et al., 2013; Bartilla and Köppe, 2016; Stout et al., 2011; Cheryan et al., 2011;
UNESCO Asia-Pacific, 2017; Gabay-Egozi et al., 2015; Monitise Group Limited, 2014; Vervecken
and Hannover, 2012; Matlin, 1999; Master et al., 2016; Cheryan et al., 2015, 2009). Researchers are
certain that girls’ interest in IT changes early in their adolescence, either in middle school or the early
years of high school between the ages of 12 and 15 years old (Sadler et al., 2012; Kafai, 2006; RTE,
2016; Shillabeer and Jackson, 2013; Cadinu et al., 2005; 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; Ochsner, 2015; Monitise Group Limited, 2014; Master et al., 2016; Ko and Davis,
2017). These are exactly the years where first career choices and low levels of participation in STEM
subjects occur.

To explain some reasons for the gender gap in ICT, this section first explains first critical factors
from the literature which may exclude females from traditional computer science curricula. Second,
promising ways to close this gap by setting the focus on intrinsic/extrinsic motivators for teenage girls
are presented. Finally, solutions and existing initiatives to attract female teenagers are analyzed as well
as girls gaming behaviors with the goal of shaping inclusive and gender sensitive learning situations.
In addition, three expert interviews have been conducted; insights are included in this section as well.
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The expert interviews have been conducted with:

• Dr. Marita Haas

PostDoc at the Institute of Management Science, Vienna University of Technology

• Prof. Dr. Libora Oates-Indruchová

Professor of Gender Sociology, Institute of Sociology, University of Graz

• Dipl.-Ing. Gudrun Haage and Florian Ungerböck, BSc MSc

Gender Equality and Affirmative Action Office, University of Technology Graz Lead of CoMaed
girls-only initiative

2.4.1. The gender gap: a social construct.

A majority of people believe that in the future more girls will enroll in STEM related subjects any-
way (Flabbi et al., 2014). However, current numbers are alarming, as stated in the previous section.
High school is a critical place where students decide their future careers, develop a more realistic
picture of their future jobs, and assess their career-relevant abilities (Charles and Bradley, 2009;
Vervecken et al., 2013; Vervecken and Hannover, 2015; Chen, 2007; Carter, 2006; Appianing and
Eck, 2015). The assumptions about why girls are less interested in ICT have not significantly changed
in recent years. The reasons highlighted in 2005 (Cadinu et al., 2005) or 2002 (Cukier et al., 2002)
seem not to be outdated and can be found in most of the literature today (Cheryan et al., 2013; Zagami
et al., 2015; Alvarado et al., 2017; Wong and Kemp, 2017; Ko and Davis, 2017; Zaidi et al., 2016;
Ramos and Rojas-Rajs, 2016). For example, this research review (Clayton et al., 2009) describes that
boys are more likely to spend time with solving difficult computer problems and seem to embrace
ICT more. In contrast, girls take more personal responsibility for their failures, see them as a lack
of ability, and for them technology is more a means to an end. To conclude, the literature is full of
findings that document women’s low experience levels towards computer sciences, their negative at-
titudes, and their fear to fail in computer science subjects compared to their male colleagues. Thus,
the research focuses on female deficits in ICT. However, what if these are not deficits but just different
approaches to reach the goal, and different points of view? This means that if classes allow a diverse
range of outcomes and include the possibility of different understandings of the discipline, girls can
reinforced so that they become more interested in coding.

Therefore, this section explains first several critical factors from the literature which may explain the
mostly socially constructed gender gap in IT. These social constructs exclude females from traditional,
mostly male-oriented computer science curricula. As a result, an image of the stereotyped “Girl in
Tech” is presented and which shows how females are intrinsically not reinforced for coding activities
or to pursue and persist in IT. This method is called “dramatization” of gender (Engler and Wieland,
1995), with a focus on separate groups by gender in order to build sensitivity and awareness. The
risk of this method is a hasty assumption of dramatic differences between males and females, which
would strengthen stereotypes and deepen the focus on a bi-gender system as opposed to a diverse one.
The theory of “strategic essentialism” (Spivak, 1990) states that such categories are important and
also, even if they are socially constructed, they are not less effective. Thus, it is proposed that taking
categories seriously must happen in order to analyze social inequality and to reinforce minorities as a
result (Scambor and Scambor, 2012).
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2.4.1.1. Stereotypes, preconceptions, and the (male) dominated tech-sector.

Stereotypes and preconceptions influence all people and produce (mis-)representation (Matlin, 1999).
They describe specific behaviors, attitudes, and capabilities (Eagly and Wood, 2012), which are as-
sociated with a certain profession, race or gender. Studies show that women at all levels (teenage
girls, undergraduate female STEM students, and even successful female scientists) are weakened by
stereotypes in their field (Galdi et al., 2014; Young et al., 2013; Mason et al., 1991). Stereotypes can
be transmitted through media, role models, or academic environments (Cheryan et al., 2015). While
making educational choices, male and female students may follow these perceptions of an appropriate
choice for their gender rather than decide in regard to their interests (Gabay-Egozi et al., 2015).

Female students must feel a sense of belonging to people in the field and it is important how well
the career plans align with their personal goals and values (Stout and Camp, 2014). They are more
likely to value fields stereotyped as appropriate for their gender. It can be already seen in young girls
that they have stereotypes of computer scientists in their mind and see them, e.g., as socially isolated
young men whose genius is the result of genetics rather than knowledge learned at school. Female
students who actually take computer science classes do not have the same prejudices as young females
who get their ideas from pop culture (DeMarco-Brown, 2013). Thus, teenage girls struggle more to
decide whether they fit into ICT careers than men do, while not considering that computer science
students can of course have broad interests outside of ICT as well. Disinterest can lead to unrealistic
perceptions about that field (Khan and Luxton-Reilly, 2016; Carter, 2006). Thus, it also matters what
students think about the discipline itself, e.g., its structure, usefulness, and how it can be learned (Dee
et al., 2009). Computer science, for instance, is not only programming like already discussed in pre-
vious section (see Section 2.1.4), but more likely a tool for solving problems or creating new ideas.
Some teenagers never quite understand what computer science is and how it relates to algorithmic
thinking or problem-solving (Giannakos et al., 2014). The question they may ask themselves is “How
likely is it that I need STEM knowledge in my future career?”. This decision influences his or her
motivation and persistence within an academic track. Female students seem to have more negative atti-
tudes towards STEM classes, thus there is a much higher possibility to negatively rate this expectancy
value. A research study in public highs schools located in Los Angeles investigated students’ deci-
sions (over 200 interviews) to study computer science as a major and evaluated both the structural and
the psychological factors (Goode et al., 2006). Results showed that factors which discourage females
from computer science courses included a) the image of the computer science subject itself, e.g., the
lone programmer, b) that their familial or social networks are not technology-oriented and they do
not understand the field at all, and c) they do not see the connection of how computer science could
support their academic and career plans. The last point is very critical — most found programming
interesting but the decision not to pursue computer science was more a strategic decision for them,
e.g., to fulfill the high school graduation requirements rather than play around with computers.

Research has shown that the stereotype threat can harm the performance and sense of belonging of
all individuals if they are confronted with a stereotype-based expectation of poor performance. In one
study (Cadinu et al., 2005) students were confronted with the conclusion of a research study before
writing a mathematical test: “Women do worse in mathematics in comparison to men”. As a result,
in the female students of the test group, more negative thoughts regarding their inability to perform
the test could be noticed. Spencer, Steele, and Quinn (Spencer et al., 1999) goes one-step further and
describes that if students have to verify their gender at the beginning of a test, it is already enough of
a problem to affect their grades, e.g., for men to write inferior language tests and for women to write
inferior mathematics tests.
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“Studies show that if a man fails a math test at university, he fails as a person, but if a
girl fails, she fails as a representative of the whole group of women and girls. [. . . ] this
makes it so difficult.” Marita Haas

An important factor to mention is parental preconceptions and influences (Zagami et al., 2015;
Gabay-Egozi et al., 2015) young girls are confronted with because their families exclude computing
or engineering as a possible career path for their daughters. Teenage girls are less likely to choose an
IT related study unless they were encouraged by their parents, by teachers, or by their peers. Support
from home is essential to have positive feelings first, e.g., through tinkering, reading books about this
topic, learning through friends or relatives, or first attempts to create their own programs (Goode et al.,
2006). The aforementioned study (Goode et al., 2006) showed that female students are more likely
to choose to enroll in programming courses when they already know somebody who is interested
or has worked in the computer field. Girl’s lower sense of belonging corresponds with the feeling
of “Lack of Fit” or “the Sense of Not Fitting In” with computer science stereotypes (Master et al.,
2016; Alvarado et al., 2017). This occurs if CS students feel that they do not receive help, or have
no ability in CS or feel intimidated. If the profession does not fit to the “traditional gender model”,
one is not as likely to pursue or feels discriminated against by someone who does. To be socially
connected and respected is a strong initial motivator, as quoted by the researchers (Baumeister and
Leary, 1995; Walton and Cohen, 2007): it can “create a sense of belonging that can reinforce students’
self-efficacy and connections to community that support student perceptions of their ability within the
field” (Veilleux et al., 2013, p. 64). This is important in students’ decision to pursue IT and helps to
identify with the field (Beyer et al., 2002). Since the stereotype in IT is more associated with a male
role, female teenagers are less likely to feel a sense of belonging with these stereotypes (Master et al.,
2016; Cheryan, 2012).

As a female technician, it is part of one’s daily life to experience gender-biased situations, e.g.,
during recruitment and evaluation processes, or restrictive regulations and norms. Side effects could
include exclusions from networks, and may create work-family conflicts. All of these factors make
girls question whether their abilities and interests are harmonious with their selected field (College
and of University Women, 1992). Their sense of belonging and collaboration stands in contrast to the
image of the stereotypical lonely programmer. They feel a pressure to perform well even when they
try to ignore the obstacles that hinder them, whether these are real or perceived. This stress arises from
the conflict between wanting to be liked while at the same time having to demonstrate competence
in competition with men (Gabay-Egozi et al., 2015). Some jobs follow the “hero mentality”, where
men work very hard in order to fix problems whereas women are often better at finding and correcting
problems before they happen (thus doing the less hard and crucial work) (Gibbs, 2014). These typical
computer science labs (Master et al., 2016) can easily be adopted in their environment or in making
small changes in the language people use in such environments. It would create a huge impact to
make labs more gender-neutral (Stout and Camp, 2014) and to make women feel included in their
work environment. According to a study, college women who were confronted with CS classrooms
full of stereotypical objects (e.g., science fiction posters, stray electronic parts) say that they are less
interested in CS than women who attend classes with non-stereotypically associated objects (e.g.,
art posters, general interest books) (Cheryan et al., 2009). This has no impact on boys (Master et al.,
2016). A stereotypical classroom increased girls’ concerns about negative stereotypes which decreases
their sense of belonging and interest in CS courses. This corresponds with other studies, e.g., that
the neutrality of technological environments hides male-dominated cultures (Ramos and Rojas-Rajs,
2016).
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To summarize, a sense of belonging, the perceived value of this field, and peers in STEM/ICT are
a particularly strong predictor of girl’s interest and motivation, whereas stereotypes and stereotyped
classrooms in CS will discourage young women.

2.4.1.2. Gender inequality in education.

Education has a significant impact on gender. It starts with gender-sensitive frameworks, with teachers
who are aware of gender sensitive education, or those who have had to undergo gender responsive
teaching training to ensure that the learning materials are free of gender stereotypes as well (UNESCO
Asia-Pacific, 2017).

For example, teaching materials, teaching designs, and interactions often (re-)produce asymmet-
rical gender relations and role stereotypes. In addition, a research study on more than one hundred
Australian and international research publications (Zagami et al., 2015) points out that existing com-
puter science education materials may not be as supportive for female students. Furthermore, they do
not support their interests or address their preferred activities. According to this study, representation,
imagery, and language that may promote gender inequality must be considered when providing teach-
ing material for learners (Medel and Pournaghshband, 2017). It is important to place an emphasis on
promoting gender equity and diversity in computing (Stout and Camp, 2014). Another assumption is
that teachers also treat students differently depending on their gender (Stoet and Geary, 2018).

“I’ve talked a lot with teachers that have already formed a picture at the beginning of an
CS class. A picture of the boys who can already program and this picture of the few girls
who decide to try it out. One approach would be to discuss this first and talk about this
with the young [. . . ], e.g., what do you think why are there so few girls in this course [. . . ]
teachers can begin to ask students: Which of you likes math? [. . . ] Who is on Facebook?
[. . . ] I think it’s just fine to think about questions that open the whole conversation up.”
Marita Haas

“You should pretend that there is no stereotype as if it were something normal.”
Florian Ungerböck

Here, the experts are not unanimous and it is in question if girls are resigned to the stereotype threat
or strengthened by making it a topic that they can confront and overcome. Here, it depends on the
situation and the teacher must decide.

However, “gender competence”, “gender-specific interest guidance”, or “gender-sensitive and aware
education” are new territories for many teachers and schools (Giltemeister and Robert, 2008). Espe-
cially in education, gender is constantly negotiated, produced, and reproduced by students as well
as by teachers. Gender-sensitive teachers recognize gender-stereotyped influences on students and
counteract against them. They analyze their own role and their teaching with the aim of creating
equal opportunities for girls and boys (National Science Foundation, 2018; Bosch et al., 2014). To
use more gender fair language it is important to make women visible and hearable in the language as
well. Many examples exist of how gender mainstreaming tries to break down the walls that hinder
young women to succeed in male-dominated sectors (Walby, 2005). A gender-sensitive- language
particularly important in languages which have gender specific nouns or those which prefer to use
the form of the masculine plural as an inclusive way, like German35. For these kind of languages it
35differences between: genderless languages, e.g., Finnish, Chinese, Latvian, natural gender languages, e.g., English,

Dutch, Swedish, and grammatical gender languages, e.g., German, French, Italian
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is stated that women are included in the male generic form as well or the female form is banished
into a footnote (Braun, 2008; Szekeres, 2005). A gender-inclusive language is essential (Dasgupta
and Stout, 2012; Sczesny et al., 2016; Horvath et al., 2016; Formanowicz et al., 2015) because 1)
“Language creates pictures” and often creates a generic masculine picture (male bias). For example,
this quote “A scientist in his laboratory is not a mere technician: He is also a child confronting natural
phenomena that impress him as though they were fairy tales” — produces a picture of a male scientist
in his laboratory, but it is actually a citation from Marie Curie, 1937. 2) For children: If typically
male occupations mention both genders instead of the masculine generic, then children assess women
and men equally in this occupations (with male mentions, men are rated to be more successful) and
girls tend to be more interested in these professions as well (Vervecken et al., 2013; Vervecken and
Hannover, 2015). 3) Job advertisements (Hentsche and Horvath, 2015; Horvath, 2015): Women and
men are more likely to apply for gender-appropriate positions and jobs and organizations which are
assessed more attractive to their gender. If companies/universities want to appeal to female talents
and they are using masculine language (e.g., dt. “Für den Unternehmer von morgen!”36) or images
they may present the program as generally less attractive for women. A study with 156 female stu-
dents showed that with the previously mentioned advertisement, they felt no sense of belonging and
had a lower intention to apply than men. 4) Image of organizations: Women feel more supported
and it opens possibilities for teamwork and family/life balance. To conclude, those who write in a
gender-equitable way do not exclude anyone and thus make an important contribution to actual gen-
der equality (Vervecken and Hannover, 2012).

“I believe sensitization is the first step, to become more aware of appreciations. For
example, at school. How do I formulate my tasks? How much space do I give for discus-
sion, who do I tell to perform certain tasks and is there any discrimination or do I give
privilege to some people. It is important to question our own stereotypes.” Marita Haas

In addition, Craig et al. (Craig et al., 2013) observed that the participation of girls in computer
classes is not the same as those of boys: girls tend to spend more time on visual customization while
boys spent more time on solving logical puzzles, and the authors point out that it is essential to con-
sider gender differences in logical and computational skills. According to this study, it may thus be
more effective to get girls interested in technology by asking them to design games rather than to
focus on the learning of specific programming skills. In programming, different styles exist among
genders (see next Section) but differences also exist within same-gender groups. To engage girls in
coding, social relevance, storytelling, and design tasks should be part of the coding activities (McLean
and Harlow, 2017). Such activities provide the opportunities to participate in problem-solving by pro-
viding learners with resources and a given problem. Teachers that only focus on computer instruction
may discourage many students (of all genders) from actively participating.

Other researchers argue that girls have a low confidence in CS environments (Jonsson, 1999; Frieze
and Quesenberry, 2015; Margolis et al., 2014). For example, girls tend to ask fewer questions in
heterogender classes compared to classes with a larger percentage of girls. As a result, they may
be left with doubts and are less confident with the material. Bad experiences lead of course to bad
expectations: If young women are used to failing or even think they will fail in a specific course,
they will instead choose subjects that they know they are comparatively good in (Jonsson, 1999).
Other studies show that girls tend to be less self-confident regarding their beliefs about their abilities
in STEM disciplines. Peer acceptance is a central point in adolescence (Dasgupta and Stout, 2014)
and collaboration is particularly important; adolescence is when students exchange ideas, defend their
36In English: “For the entrepreneur of tomorrow”
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positions, discover new ways of thinking, and experience self-confidence, which can lead to successful
task completion (Dasgupta and Stout, 2014; Patrick et al., 2007). It is well known that students find
STEM courses to be more meaningful when they can connect with their peers. This study (Frieze
and Quesenberry, 2015) also concludes that male students have a consistently higher confidence level
concerning their coding skills than their female colleagues but they explain this phenomenon with the
general tendencies that women have to downplay their abilities (Margolis et al., 2014). For instance,
this attitude is displayed in the statement “I feel like everyone I know performs better than I do.” More
than 50% of the women agreed whereas only 30% of the men did so (Frieze and Quesenberry, 2015).
However, they found evidence of improvements of the performance during the degree program. Other
studies report girls’ lower self-efficacy in comparison to boys in STEM as well (Pajares, ress). For
example, a study done by Harvard (Deterding et al., 2011) express that male programmers rated their
confidence in programming with 3.3/5 after 0-6 months of experience; this number was much lower
in women (2.6/5). Only after 8 years of programming, women stated the same confidence level as
men after 0-1 years of programming experience. Thus, it is important to praise the work of female
students and to provide recognition of their work done. Studies indicate that male students are praised
more often and also ought to be rebuked as well (Shalaway, 1998). On the one hand, it is important
to sufficiently honor students’ achievements, and most importantly, to shape the feedback in a such
way that it does not include harmful attributions or tension which can cause the fear to fail (Schwartz,
2013). On the other hand, it is not helpful to praise girls for achievements, which are left unaddressed
in boys. Thus, if one is praised for her normal performance, it can damage girls’ self-confidence.
While boys are often praised for their talents, girls are more often praised for being hard-working
rather than simply being good. The literature suggests praising the process they engage in, not how
smart they are in certain tasks.

“Direct encouragement is often missing in schools. Most girls who take computer
science courses have already experienced some form of encouragement.” Marita Haas

Observations and field notes within CS classrooms showed two more issues of confidence. First,
female students refused to ask for help because they had the feeling that the boys in the classes were
much more advanced in CS and felt inferior to their male peers. Consequently, the authors of this
paper describe the classroom climate as the following (Denner et al., 2015):

• Girls worked together in groups, while boys worked independently around them.

• Girls asked the teacher a lot for assistance, while boys asked their male neighbour first. Thus,
boys tended to copy the code from each other.

As a result, teachers who are not aware of inclusive and gender-sensitive education can create a
classroom in with male students occupy the more knowledgeable position and females are always
situated in the less knowledgeable position.

2.4.1.3. Absence of female mentors and role models.

Providing a mentorship and appropriate role models are two key elements of successful professional
development (Stout and Camp, 2014). Mentors provide some kind of guidance (e.g., through the
first semester years) and role models can inspire deeply when acquiring new knowledge. An absence
of female role models is one the top five of reasons why women are underrepresented in tech (42%
mention this in the findings of an ISAC study) (Wisniewski, 2017) and it is a topic cited by many
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other studies, for instance (Milgram, 2011). It is important that girls see female role models who have
succeeded and who promote positive beliefs regarding women’s abilities, which demonstrates that this
job field can suit them as well. Since the tech sector is very male-dominated, most role models are
also male. In the male-dominated tech field, female students need encouragement, but literature still
argues if mentors must be women or if it is only important to have somebody who believes in them
and encourages them (Lockwood, 2006). Some female computing students said that they consider
men as role models, e.g., their fathers or brothers.

On the one hand, having role models can increase girls’ self-confidence significantly when there
are people with whom they can personally identify (Stout et al., 2011) (see “lack of fit” in previous
section). On the other hand, role models that were perceived as a stereotypical computer scientist
(i.e., geeky) have a negative effect, especially on the “girly-girls” (Cheryan et al., 2011; Beltrán et al.,
2015). Female role models in STEM fields are important at every stage, e.g., female teachers at the
secondary level in mathematics and science, female students and faculty members in higher education,
and women working in STEM fields (UNESCO Asia-Pacific, 2017). It is essential to make clear what
the tech sector is all about, what computing work looks like, and what computer scientists actually do
in their job (Stout and Camp, 2014). The absence of role models is of course an effect of the leaky
pipeline. Not only do few women study in CS fields, a lot of them also retire after some years for a
variety of reasons (work/life balance, lack of flexible working options, etc.) (Good et al., 2012). In
addition, it is important that role models are “real”. It is not necessary that a role model is at the top
of her career to make an effective role model.

“It is not so important whether the father or the brother has a technical or natural sci-
ence profession [. . . ] it is about a general and supportive attitude of parents and important
people in women’s lives that encourage them to follow their own paths. [. . . ] The prob-
lem is: The role models are usually super great. An average good student reads an article
about a top physicist, who has won several prizes and worked abroad and in addition, has
three children [. . . ] that is more daunting. [. . . ] and reinforces the assumption: If you
are super good you can make it, even in a field that is not typical for your gender. [. . . ]
at University of Technology in Vienna, we have a broader range of different skill levels
among male students because there are fewer gender-stereotypical obstacles for them.”
Martia Haas

Mentorship programs can provide effective two-way communication, e.g., for mentees to promote
interest and for mentors to reshape thoughts. In addition, mentors help students to develop skills and
confidence and can play a key role in generating or maintaining adolescent interest for CS. Some
concepts exist to encourage female high school students to volunteer for mentoring programs to help
girls from the middle school in CS (Clarke-Midura et al., 2016) with the goal to reinforce both age
groups. Other researchers (Cohoon, 2011) use high school aged mentors in CS summer camps and
after school programs for primary school girls. Furthermore, other options are informal mentors, like
parents (Beam et al., 2002), peer mentoring (Holliday and Luginbuhl, 2004), or formal mentors at the
workplace (e.g., for onboarding) or in university for programming novices (Wood and Mayo-Wilson,
2012). A research study (Ko and Davis, 2017) investigates if mentorship enhances students’ interest
and engagement level in CS courses. The results showed that students who had mentoring relation-
ships (informal or formal) are more interested in computing and engaged significantly more in CS
education. Other forms of mentoring include on-site or remote mentoring or long-term and short-term
mentoring (Townsend, 2002). Examples for mentoring programs are hack.pledge37, computerMen-
37Mentoring program hack.pledge: https://hackpledge.org/
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tors38, coderdojo39, or Coding for Kids in Mentor 40. The TU Graz offers a mentorship 41 as well and
a new project from the author of this thesis with the name “RemoteMentor” is at the time of writing
at the beginning stages of development42.

"Mentoring is among the most effective ways to bring about change, because it reaches
across institutions, fields, and even generations. Mentoring unifies women, validates their
experience, provides inside information about the system’s workings, trains groups of
individuals to challenge the system, and provides the basis for generations of outsiders to
both enter the system and, as insiders, demand needed change.”

(The Association for Women in Science/AWIS, 2017)

The direct encouragement by teachers or role models helps female to attain a certain education
level (Gabay-Egozi et al., 2015). Teachers’ guidance and advice are major influences over students’
educational incentives and attitudes. A study conducted by Microsoft (Microsoft, 2017) with 11,500
European women between 11 and 30 years old shows that more than half (57%) of them said that
they had a teacher who encouraged them to pursue a STEM career. 60% said they would feel more
confident in pursuing a career in STEM areas if they knew that men and women are equally employed
in these occupations. Furthermore, role models from history (see Section 2.3) or role models that ap-
pear in books, articles, or websites can inspire young women to enter the CS field as well (Townsend,
2002; Back et al., 2011).

To conclude, if girls are exposed to strong female leaders, they rarely express automatic stereotyp-
ical thoughts (Dasgupta and Asagari, 2004) and steady contact with successful women (e.g., profes-
sors at college) leads to higher career ambitions and stronger implicit self-images (Asgari et al., 2010;
Heilman, 2012).

2.4.1.4. Girl’s deficits in experience and motivation.

Interest in STEM areas starts with first performances in mathematics and science (USAID, 2008).
While younger students (age < 15) do not yet show significant disinterest in computer science related
topics, a number of studies indicate that the majority of teenaged girls rapidly drop out of IT related
courses during high school (Zagami et al., 2015). Especially in grades eight and nine, female par-
ticipation or their interests begin to decline toward STEM subjects (Beyer et al., 2003). Thus, many
studies conclude that high school is the key to understanding the field-major segregation in higher
education (Gabay-Egozi et al., 2015; Unfried et al., 2015; Mann and Diprete, 2013; Sadler et al.,
2012). In the higher grades, male students express more interests towards physics and engineering,
while girls were more likely to prefer biology (Gabay-Egozi et al., 2015), medicine, and health (Sadler
et al., 2012). These different educational preferences reflect in gender-typical educational choices and
embeds gender role socialization. For instance, girls in Ireland are most interested in STEM sub-
jects around the age of 11, but then they are less interested at the age of 15, (n=1,000, 11-18 years
old) (Ochsner, 2015). A three-year STEM initiative in 43 school districts in the US (Unfried et al.,
2015) investigated the distributions of career interests between male and female students. Results

38Mentoring program: http://computermentors.org/kidscode/
39Coder dojo: https://www.coderdojoparramatta.org/
40Mentoring program: https://locations.sylvanlearning.com/us/mentor-oh/coding-for-kids
41Mentoring program TU Graz: https://www.tugraz.at/studium/lehre-an-der-tu-graz/studierenden-mentoring/
42Project RemoteMentor: https://www.netidee.at/remotementor
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showed that female students’ interest in STEM career pathways declines among older students, with
the sharpest drops between elementary and middle schools. However, the results demonstrate very
low interest in engineering careers in girls at all (only careers in energy were of lower interests). Fi-
nally, a cohort study on more than 6,000 students showed that the interest changes dramatically in
female students whereas the percentage of males interested in STEM appears stable (Sadler et al.,
2012). The percentage of female students reporting an interest in STEM fell from 12.1% to nearly
half at 7.6% at the end of the high school. Three quarters of the male students already said from the
beginning that they are interested in STEM. This initial interest is nevertheless the best indicator for
having career interest in STEM when leaving high school. In addition, good grades in mathematics
are also suggested as a good indicator and it seems to be a promising chance for interested female stu-
dents already in primary and middle school levels. However, it reveals that female students in Europe
at the age of 11 become interested in STEM subjects and are less likely to express interest in STEM
fields when they are at the age of 15. Possible reasons that affects girls’ interests can be traced again
to girls’ negative stereotypes and lower expectations of success (Master et al., 2016). Interest is an
important motivational variable because it can affect learning and performance outcomes (Hidi and
Harackiewiczy, 2000).

“It start in the family through different toys and interests, assign to different activities.
There are studies that toys for girls are typically not creative, toys for boys are more
learning tools, putting parts together, build something. That is one reason that girls are
not from the early on encouraged to think in a way that is necessary for technology.
There is absolutely no data available that it would be something natural or something in
the biology. There is absolutely no scientific evidence on that — that’s one thing that’s
certain. Another reasons would be influences. [. . . ] around the age of 12, well they begin
to negotiate their gender identity more but also feel certain pressures [. . . ] sort of peer
pressure to go into particular professions and interests. [. . . ] small things can have a huge
impact or also offers for boys and for girls, culture imagery, all of that. Some of the basic
questions go back to the early 70s.” Libora Oates-Indruchová

A study that illustrated students’ interests at the Carnegie Mellon University towards CS from
1999 to 2012 observed the following main interests across the genders (Frieze and Quesenberry,
2015): problem solving, building or creating something, working with useful applications, and long-
term opportunities. These answers are from participants who are already at university level whereas
teenagers mostly put CS on the same level with programming. Furthermore, the female students
in this study revealed the importance of working in groups when “times get hard through project
work” — thus it is more fun and that plays an important role in the community building as well.
The female students at Mellon University in general: enjoy what they do, believe it makes them
feel special, and some note that to be a woman in CS is not an issue or others said that there were
too few women. However, they did not find a gender difference in attitudes towards programming.
Another study (Giannakos et al., 2014), examines the effect of enjoyment, happiness, and anxiety in
girls during creative development activities. Findings showed that happiness had a positive effect,
anxiety had a negative effect, and enjoyment had a neutral effect on students’ intentions to participate
in coding activities in the future. Happiness could be increased, e.g., by using humor, fun, and positive
feedback, and anxiety could be decreased by praising their development skills and using collaborative
learning environments (see next section).

Finally, a research study (Carter, 2006) on students’ experiments which included 836 high-school
students (363 boys, 423 girls, 50 declined to say) found out that boys were more likely to had prior
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experiences (40% boys, 27% girls) and 26% of the males and 17% of the females were able to pro-
vide a description of the CS major (answers include: programming with around 100 answers, and
networking, advanced use, repair, how computers work, computer stuff, good understanding with
around 20 answers, and most had “no idea” with around 650 answers = 80%). Even if students had
no idea of what computer scientists actually do or what programming is, 11% mentioned that they
stay away from CS as major because of programming. Other answers (mentioned in a similar amount
in both genders) included sitting in front of the computer all day, and that they would prefer a more
people-oriented major. Most interesting — which also can be seen in Figure 2.17 with Biomedical
Enginieering — is the positive influence of combining CS with another field of interest such as busi-
ness or medicine (rated as the number one positive influence in girls). However, computer games or
previous experience were also mentioned as positive influences for choosing CS as a major (more by
boys than girls).

2.4.1.5. Girl’s differences in programming and gaming behavior (the male-oriented game
industry).

Only a small amount of research exists that shows differences in programming between boys and
girls. Studies which focused on feature discovery show that male users adopt higher amounts and
different types of features compared to female users (Beckwith et al., 2006; Beckwith and Burnett,
2004). Female students were significantly slower in trying out new features and were significantly
less likely to use them again, whereas males try less familiar features early. Fewer uses of features
correlated with a low self-efficacy only in girls. The study also refers to differences in the tinkering
behavior and it states that male students seem to benefit more from it. However, tinkering also helped
females to gain valuable information about the features and increased their self-efficacy. Low tinkering
interactions and low self-efficacy occurs in girls if they use environments that are too complex. The
study concludes that gender differences exist in the way students solve problems, which may indicate
a need for a more supportive feature designs. This is also coherent with other literature (Grigoreanu
et al., 2008) and often more related to testing and debugging activities.

In Section 2.4.2.4, the author presents that more and more gamers are female, and that there is
already a small shift in putting more focus on gender inequality issues in games (Jenson et al., 2007;
Williams et al., 2009; Martin and Rafalow, 2015; Paaßen et al., 2017). However, most developed
games only appeal to a male-dominated audience and exclude female gamers, there are less success-
ful games available for girls as there are for boys (Google Inc., 2018), most games do not appeal to a
female audience, and there exists less motivation for girls to become gamers (only 30% consider them-
selves to be gamers (NewZoo, 1017)). In addition, most boys say that they prefer to play video games
with boys (Jenson et al., 2007). The gender bias has a negative impact on women who play (Ashcraft
et al., 2016; Shaer et al., 2017) and gender stereotyping in games can be damaging (e.g., a princess
who needs a male hero to rescue her may serve as a trophy). A closer look on existing video games
shows that nowadays, more and more strong women occupy the main role in video games. Examples
from 2017 are a redesign of the famous character Lara Croft43, Tomb Raider, who became a much
more realistic young woman in her most recent incarnations (see Figure 2.20), the new hero Aloy44

from “Horizon Zero Dawn”, an outsider with an interesting story, or “The Scythian” from “Sword and
Sorcery”45, a video game for mobile platforms (she demonstrates that women can be heroes just as
43Tomb Raider: https://www.tombraider.com
44Horizon Zero: https://www.guerrilla-games.com/play/horizon
45Sword and Sorcery: https://play.google.com/store/apps/details?id=com.capybaragames.sworcery
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well).

Figure 2.20.: Revolution of Tomb Raider character Lara Croft (from left to right, starting with the
original game) (Tomb Rider, 2017)

Nevertheless, video games with female protagonists are still in the minority (Jayanth, 2014). A
survey that was conducted with 1,266 gamers shows that 75% of the female gamers rated female
protagonists as “very” or “extremely” important (Yee, 2017b). This was more than three times higher
than the number of answers from male gamers. However, most characters in games are male and
not inclusive at all, for instance, Grand Theft Auto 46 (which shows sexual harassment and killing of
female characters), female characters with less clothing, like Juliet Starling from Lollipop Chainsaw
47, or other examples (e.g., Tony Hawk’s Underground, Halo, and Mortal Kombat). A study shows that
the oversexualization of women in games peaked in 1995 and then declined (Lynch et al., 2016), but
women still occupy secondary roles and are objectified more often for several reasons (like marketing,
lack of female game developers, or lack of game developers who are aware of gender issues and
studies) (Kondrat, 2015). Game developers have to rethink their strategies now that games are getting
more appealing to a wider audience in order to target all cultures, genders, and interests. In addition,
developers should put more emphasis on the personalities, emotions, and backstories of characters in
the games.

Video, computer, and mobile games are, of course, entertaining and fun. However, it is impor-
tant to know that there exists a correlation between students who do not play video computer games
and those who describe their computer skills as insufficient or do not spend much time on technical
devices (Davies et al., 2014). In general, older teenagers (15 to 17 year-olds) are less likely than
younger teenagers (12 to 14 year-olds) to play computer games on a daily basis (Lenhart et al., 2008).
In addition, students interviewed mentioned that the majority of their computer science knowledge
was acquired at home or with friends while playing or in social networks (Goode et al., 2006). An-
other study shows that only 1% of the finalists from Austria at the International Computer Science
46Grand Theft Auto: https://dotesports.com/the-op/news/grand-theft-auto-vi-news-21158
47Lollipop Chainsaw: https://aliciabear77.files.wordpress.com/2013/06/1eab9ecceb014ae0b33c87135641bed1.jpg
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Olympiad48 for teenage high school students over the last 12 years were girls. A closer look at the
numbers of women in the game development sector in general shows the same low number. This is
especially interesting because the number of women playing games has slowly increased (see also
Section 2.4.1.5). According to a study commissioned by the Internet Advertising Bureau in the UK,
women account for 52% of the gaming audience (Jayanth, 2014)]. However, in Britain, only 12% of
the professional game designers and only 3% of programmers are women (Jayanth, 2014).

Before focusing on strategies to reinforce female teenagers, this section summarized actions and
attitudes which discourage young women. Figure 2.21 points out all negative influences from the
previous section, which resulted in a picture of a negative stereotype of “Girl in Tech”.

Figure 2.21.: Shaping of the negative stereotype of a “Girl in Tech” as a result of the stereotype “Com-
puter Scientist”, preconceptions and inequity in education.

It is worth mentioning that of course many of the men also did not appear to fit the narrow computer
scientist geeky CS stereotype (Frieze and Quesenberry, 2015; Margolis et al., 2014). Despite this,
the picture is relevant about commonly held beliefs and how they influence young girls’ interest.
Attributes assigned to the stereotype “computer scientist” include geek, male, white, nerd, rebel,
freak, socially isolated, plays video games, genius, introvert, obsessed with working, single, quotes
StarWars and/or StarTrek, avoids sports, has no sense of style, and is hyper-intelligent. The author
of this thesis created as a result of the literature review the stereotype for “Girl in Tech” which is
formed by the male stereotype, the preconception of the tech sector and coding, and inequality in
education. This stereotype has the following characterization: not motivated, plays no video games,
disinterested, lack of tech ability, low confidence, negative attitude and low experience towards tech,
helpless, anxious, bored, inferior, insecure, frustrated, and of course “girly”. The case studies from
Frieze and Quesenberry (Frieze and Quesenberry, 2015) show that this does not reflect the opinion
from their CS students at Carnegie Mellon University, which describe the typical CS student more

48Internation omputer Science Olympiad: http://stats.ioinformatics.org/results/2016
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positively, e.g., creative, passionate, focused, smart, or diverse, which seems to be more the case. The
students themselves play an important part as well in shaping the CS culture and environment from
the inside.

To conclude, if the CS environment is not something were females are happy to study and work in,
the environment has to change itself (Dee et al., 2009).

2.4.2. Creating suitable learning environments to reinforce female teenagers.

Framing a supportive classroom setting is a critical factor and literature suggests that interventions
should specifically target the classroom climate to strengthen teenage girls’ confidence to motivate
female students extrinsically as well (Haines, 2004). Positive first experiences in coding for girls may
direct their future career choices towards STEM fields. Many of the changes in teaching and learning
that resulted from the study of the empowerment of girls improved the situation for all students,
not just for girls (Kafai, 2008). The author assumes that learners of all genders who become game
designers and creators of their own learning content through a constructionist learning environment
will significantly contribute to closing the divide and participation gap in digital culture.

This section first provides suggestions from the literature that seem to be promising in reinforcement
of female teenagers in coding classes, with focus on both the classroom settings and girls’ playing
behavior. The author then tries to answer the question of if this target group needs customized tools
in order to feel engaged. Finally, the author focuses on different “Girls-only” initiatives worldwide
and nationally by presenting best-practice examples. These factors which should create inclusive
classroom environments have been already discussed in the author’s paper (Spieler, 2018; Petri et al.,
2015).

2.4.2.1. Problem-Based Learning (PBL) environments.

Some researchers (Monitise Group Limited, 2014; Carter, 2006) argue that girls are more interested in
relations between ICT and other fields, e.g. computer scientists are involved in many disciplines, e.g.,
bioinformatics, medicine, environmental modeling, or media experts. Other research (Cukier et al.,
2002) supports the argument that it is important to consider alternative routes to IT because in reality
it is not all technical; there are multiple points of entry (design, analytics, problem-solving skills, etc.).
Otherwise, mathematical or logical abilities are more associated with this field, rather than literacy or
interpersonal skills. The geeky, nerdy, isolated, fanatical computer expert who represents the stereo-
type of computer science is certainly not something most young women strive to become (Cheryan
et al., 2013) (see also previous section). The technology sector needs people who can design, develop,
analyze, and manage information technology rather than people who are mainly developers who do
objective assessment of technology or do just programming stuff (Cukier et al., 2002).

A problem-based learning environment allows for the exploration of different contents to achieve
related objectives. Thus, the contents are not isolated but linked with a common goal of coding
a game (Paderewski et al., 2015). As described in previous sections (see Section 2.3.2), computer
science education in lower grades most likely consists of learning about Office products or media
presentation tools. Researchers point out the importance to directly link the subject of computer
science with professional IT jobs to positively influence girls’ interest for IT related fields (Weibert
et al., 2012). In some CS courses, low engagement levels are the default norm. These courses focus not
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on problem-solving skills or creative skills but on basic input and output processes (see Behaviorism
theory, Section 2.1.3). Thus, the CS classes mainly rely on given samples in textbooks, with whole
lines of code, and following directions without using logical reasoning. This setting is not only less
challenging for all students, but also boring, and it even prevents them from truly understanding the
programming language and the concept itself. This concept does not show the multiple ways they
could use for solving the problem, does not foster any form of group work or class discussions, and
finally, leads to negative experiences (for all genders).

“We do know also from other areas that women and girls prefer different things. [. . . ]
Problem tasks — verbally — I think that stimulate imagination and creativity because I
can imagine something. Something more practical that I am doing with the formulas. I
found this incredibly exciting. [. . . ] A different way to relating to the subject. I think the
narrative is one of the issues. ” Libora Oates-Indruchová

To conclude, it is important to present computer science as a variety of perspectives and possibili-
ties (Khan and Luxton-Reilly, 2016) and to make connections to other subjects (Fisher and Margolis,
2002). As already described in Section 2.1.1 and 2.3.1, the Federal Ministry of Education should fo-
cus more on integrating ICT in the regular curriculum, thus focusing more on interdisciplinary lessons
that apply ICT. This works by shifting the aim and seeing computer science as something that helps
to make the world better by creating programs and products or new ideas, which definitely contrasts
with many of the existing negative stereotypes.

2.4.2.2. Collaborative Learning (CTL) environments.

Collaborative learning activities allow communication and mutual decision-making (Denner et al.,
2005; Chance and Bowe, 2015). A collaborative learning structure has many benefits. For instance,
students who help each other address complex problems work more efficiently (Barber et al., 2005).
In addition, the assignment of different roles and responsibilities within the team is a central peer
component. Collaborative group work, especially between girls, fosters their sense of community
and self-confidence (Chase and Okie, 1999; Pollock et al., 2004). To foster collaborative skills and
practices, it is important to not only divide the tasks, but also to work together and share ideas, thus
supporting collaborative environment.

According to a study, adult groups which consist of women only outperform groups which consist
of male members in a collaborative task (Chase and Okie, 1999). According to another study (Beyer
et al., 2003), the most important factors for women to choose CS as a major are 1) positive interactions
with CS and 2) collaborative programming projects. In contrast, men were more likely to mention 1)
prior experiences and 2) workload to be most important. The gender composition of groups plays
an important role, since girls’ pairs shared information more readily and used problem-solving and
verbal strategies more often (Barker et al., 2014). Successful group work means being able to under-
stand different opinions of group members and discussing the problem and ideas, which seems to be
easier within girls’ groups (Gibbs and Mueller, 1990). Boys, in contrast, are more likely to talk about
disagreements rather than focus on the idea or utilizing certain strategies. A study (Tsan et al., 2016)
showed significant differences in the quality of artifacts produced by groups of girls and boys in re-
gard to the PECT model (Progression of Early Computational Thinking). Groups of female students
performed significantly lower than other groups (boys and mixed groups). On the one hand, male
students appear to benefit more from heterogender groups by, developing their leadership skills and
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increasing their self-efficacy in problem-solving. For female students these kinds of pairings can rein-
force gender stereotypes (Lockheed and Harris, 1984). This raises the question of if female students
should be “forced” to be in groups together, which can lead again to a stereotype threat scenario. The
author suggests letting students decide for themselves.

The COR model (Gibbons, 2013) refers to “Choice of Activities”, “Option with Others” and “Re-
vision” and should help to manage three root causes of anxiety which reduce students’ motivation
in game design. These are: having no choice, being dependent on the performance of others (group
work), and having only a single chance to succeed. “Choice of Activities” or a “Freedom of Choice”
in game design provide a setting in which students can choose their own game design, MDAs, and
characters (see Section 2.2.1) freely and to their own preferences and a freedom of choice in group
work. Competition can cause anxiety and may discourage female students (Hercy et al., 2009).

Furthermore, the literature supports the argument that classroom interventions for girls should focus
on providing guidance and tutorials (Carter and Jenkins, 1999). Female students often find small
group tutorials more useful than male students find them, and enjoy them because they accomplish
small steps while they get one step closer to the finished program. Thus, a scaffolded game design
is seen as an effective approach for female students to develop fundamental computing concepts by
completing almost finished games (Games and Kane, 2011). In contrast boys, are more likely to play
around, they are seen as more competitive, do not follow the rules exactly, and like to manipulate tools
in a more exploratory way (Jones et al., 2000).

2.4.2.3. Building creative environments.

For women, creativity and interest in STEM professions are often related (Garczynski, 2014), but
there is a lack of practical relevance in a lot of these subjects. A European-wide study in which
11,500 young women between 11 and 30 were interviewed showed that girls between the ages of 12
and 16 are the most creative. Thus, female teenagers at this age should be supported especially in
skill trainings and STEM. Approximately every third women that has been asked (33%) criticized
how scientific topics were explained in schools and especially the topics in computer science. Within
the study, it is mentioned that those subjects are taught from a more "male perspective". The Eu-
ropean educational researchers state that creative teenage girls are particularly interested in STEM
subjects and could be inspired by the world of programming with creative initiatives. It is therefore
important to eliminate the prejudice that STEM professions are not creative. Through good game
design, creative environments, and customization, a broad spectrum of girls can be reached (Subsol,
2005). Another research study argued that facilitators should promote especially creative IT careers
that are more driven by creative thinking and design: for instance, computer animation, game design
and web design (Wong and Kemp, 2017). As a result, more female students expressed their interest
in IT careers.

With experiments and hands-on activities in the classroom, different areas can be presented, thus
enabling a good start into the digital future for girls (Trauth et al., 2004). The game design process
for girls in general should allow the involvement of identity exploration by transforming games to suit
personal preferences. If these design tasks allow room for exploration, customization, and creativity
at the same time, female students feel engaged. In addition, a starting point for participation and
collaboration is provided. According to a study that elaborates game design and development for
middle and high schools girls, such courses increased students’ self-efficacy, helped them in acquiring
design and coding skills, and engaged them in the activity (El-Nasr et al., 2007).
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2.4.2.4. Let play, create, and design.

Teaching good game design and development skills (see Section 2.2.1.1) is especially important for
girls because girls are not that likely to play games, play less active roles, and therefore they are less
endowed with problem solving skills (Bellotti et al., 2011). In addition, literature argues that even if
the number of female students who play video games increased in recent years, male students have
a greater interest in playing games (Jenson et al., 2007). GPL theories (see Section 2.2.2) strive to
motivate students by playing games. Thus, in this section the author of this thesis first provides an
overview about girls’ playing behaviors (video games and mobile games) to get a sense of what games
are played by women in general and to get a clearer picture of the target audience. Second, the author
summarizes typical design patterns girls tend to use in creating their own games.

Figure 2.22.: Statistics from (NewZoo, 1017) show
women prefer mostly action/adventure
genres.

Mobile games are very popular and the mar-
ket is increasing as already described in Sec-
tion 2.1.4.2. A recent study of Google em-
phasizes on females with its campaign slo-
gan of “Change the Game” (Google Inc.,
2018). Google, as one of the biggest app store
providers, partnered with the gaming intelli-
gence provider Newzoo49 to examine Amer-
ican female players’ experiences and percep-
tions by performing a quantitative study (3,330
female participants aged 10-65) (Google Inc.,
2018). According to this study, 65% of women
play mobile games, compared to 2011 when
only 31% of women played mobile games.
Furthermore, half of mobile gamers are women
and 64% of women prefer smartphones to other
platforms (38% of the men do so). A percent-
age of 43% of women play mobile games five times per week or more (38% of men to so) and they
prefer to play at home, in the bathroom or in bed. Mentioned reasons why women play are restful
moment, stress relief, or entertainment, and 60% say that they feel good while playing. In contrast to
men, who play three or more different kind of genres, women play two or fewer different genres, they
communicate less about play with friends (men 44%, women 27%), and only 33% of women invest
in mobile gaming (52% of the men do so). This study also mentions that even their Google Play
Store features more male identified characters than female (44% more male characters than female
in the 100 most revenue-generating games). In addition, only 30% of the women who play feel that
the games are made for them. Finally, only 29% of the women who play games identify themselves
as gamers (57% of the men do so). Google Play believes that mobile gaming can inspire creativity
by showing users new worlds, and let them engage. The company sees a huge opportunity to make
mobile games more diverse, inclusive, and engaging for all players.

In comparison, the company NewZoo published current numbers of the video game industry (New-
Zoo, 1017), showing that 46% of gamers across these 13 countries are women (aged between 10-65)
who play on different consoles (35% PC, 48% mobile, 23% console). A percentage of 12% of women
who play games are 10-20 years old. Female players hear about new games from friends/family (39%,

49Newzoo: https://newzoo.com/
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men: 27%), social networks (20%, men 17%) or reviews/game sites and advertisements (18%, men
24-26%). Figure 2.22 shows preferred genres per platform and gender.

Another statistic rated family/farm simulation and match 3 games as the most preferred for female
gamers (69% who are playing these genres are female) (Yee, 2017a). Match 3 games can be sum-
marized as puzzle games where you mostly need to combine three tiles together, for example Candy
Crush Saga50 (Julkunen, 2015). These statistics emphasize that the genre averages range from 2% to
70%, thus developers should never focus on general statistics that consider all genders.

Amanda Ochsner (Ochsner, 2015) collected design patterns from different girls initiatives from
1990-2007. These and literature from the same time (Agosto, 2003; Gorriz and Medina, 2000; Heeter
et al., 2000) of typical design patterns, characteristics, and content girls tend to like are summarized
in Table 2.3.

Table 2.3.: Design, characteristics, and content among girl games.
Design Game characteristics Content

• exploration
• collaboration
• challenge
• vicarious adventures
• sophisticated graphics
and sound design
• role playing
• realistic design

• rich narrative
• roles involving positive action
• appropriate levels of challenges
• opportunities to design or create
• engaging characters
• communication and collaboration
use of strategies and skills

• storylines and character
development
• real-life locales
• characters who are in charge of
decisions and actions
• to create rather than to destroy
• involving simulation and
identity play
• chance to swap identities

The programming environment Scratch (see Section 2.1.4.1) leverages game design and makes cod-
ing more accessible for a broader user group, especially novice programmers (Fields et al., 2014). A
research study which observed game designs in Scratch (with a focus on racial and ethnic diversity)
shows the following (Richard and Kafai., 2016): In general, most projects from female game design-
ers focus on popular TV shows, games, or toys, or refer to mazes, dragons, and other pop culture
creations and stories. Furthermore, an inspection of 52 Scratch games showed that female students
used the most interactive objects that operated through mouse clicks, keystrokes, animations, stories,
and projects that included multiple genres, e.g., music with interactive objects (Kafai et al., 2012).

2.4.2.5. Customized services for female teenagers.

Coding initiatives designed especially for females can support young women in their decision to
choose a computer science career. It is important that these initiatives are promoted the right way and
out of comprehensible reasons to prevent further strengthening of stereotypes (Engler and Wieland,
1995; Spivak, 1990). As has already described in the last sections, there is a high probability that girls
being assigned a stereotype-threat have more negative thoughts regarding their abilities caused by
their fear of confirming the negative stereotype (Cadinu et al., 2005). However, girls’ initiatives create
opportunities to focus on their interests and to enable them to socialize with other girls interested
in computer science (Alvarado et al., 2017). In this section, first, the need and criticism of tools

50Candy Crush Saga: https://play.google.com/store/apps/details?id=com.king.candycrushsagahl=en
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customized especially for girls is discussed and second, successful international and national girls-
only initiatives are presented.

Some may argue against developing tools/products specifically designed for women. On the one
hand, many examples exist where companies have marketed to women as some special subclass of
humanity with totally unique needs and an unshakable preference for the color pink (Atlanta Parent
Editorial, 2017; Rommes et al., 2011). Some products are of course unisex, e.g., food, handicraft tools,
or laptops but that does not reflect the opinion of all. There are examples from companies that provide,
pink handicraft tools (which costs even more than the standard tool). Computers for women are an
issue as well, e.g., “Petticoat 5”51 from the 80s (with larger keys to type with manicure fingernails)or
âĂIJFloral KissâĂİ from today52. Such products are so called “pink technologies” created to increase
women’s consumption (Rommes et al., 2011). Researchers argue that children have no choice but to
follow these socially stereotypical norms.

On the other hand, it is necessary to see the needs of women, e.g., in speech recognition sys-
tems (Baustädter, 2016) or in games. In addition, some companies also focused on inclusive educa-
tional software (e.g., Girl Games53, Purple Moon (Gorriz and Medina, 2000)). Researchers empha-
size the importance of developing games with female protagonists and promoting games especially
for girls (see Section 2.4.1.5 and Section 2.4.2.4). According to Google (Google Inc., 2018), to create
inclusive games a developer should 1) know the audience (current and potential), 2) look at the game
designs and which may exclude potential players (imagery, iconography, etc.) and test it by store
listing experiments, and 3) have a diverse team (range of different perspectives) (Martinson, 2005).
In addition, it is important to pay attention to the store icon, screenshots, videos, and launching of
female characters. This will be discussed in more detail in the result section 5.3.

Another discussion is about inclusion of gender perspectives in programming environments and
software (Burnett et al., 2010; Ramnarine-Rieks, 2012; Huff, 2002) or feature discovery (Grigoreanu
et al., 2008; Beckwith et al., 2006; Beckwith and Burnett, 2004). Researchers argue that most en-
vironments are designed by men and thus, women have to adopt a male perspective when working
with technologies (Ramnarine-Rieks, 2012). As discussed in previous sections, male-dominated en-
vironments have a negative impact on women’s choices and reinforce a mainstream culture, where
inclusion of gender is a serious problem. Thus, an inclusion of gender perspectives during the plan-
ning and development phase is important, as is considering the impact of gender relationships with the
product. Evidence exists that reasons for the gender gap are also related to the software environments
in the realm of end-user programming (Grigoreanu et al., 2008; Burnett et al., 2010). In addition,
it is stated that inclusive feature discovery has no disadvantages for men (Grigoreanu et al., 2008).
Furthermore, it is recommended to include expert reviews or user testing, which can help to eliminate
computer interaction flaws in software (Huff, 2002; Williams, 2014). The GERD model (Gender Ex-
tended Research Development) (Claude et al., 2014; Maaß, 2018) proposes the following approach
when integrating gender in computer science (tools): define impulses (current topics, situations, sur-
roundings), initiations (initial position, target group, predicted outcomes, methods), analysis (user &
context, technology, risks), define a model/concept (theory, system-specification), realization (proto-
type, development, design, implementation), evaluation (verification, test, user concept/perspective),
and dissemination (documentation, maintenance, support, publications, go into action). Factors that
are considered in GERD are knowledge, power structures, usefulness, working culture, the human

51Petticoat: https://www.chonday.com/15509/marketing-computers-for-women-in-the-80s/
52http://www.businessinsider.com/fujitsus-floral-kiss-computer-women-2012-10?IR=T
53Girls Games: http://www.wired.com/wired/archive/5.04/esgirlgames.html
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image, language, relevance, and values.

“Personalized tools for girls are a very critical issue. I think it is assumed that there
is a homogeneous gender group of girls while other forms of difference are set in the
background and it only counts whether you are a girl or a boy [. . . ] girls are stereotyped
on the spot and assigned certain attributes, e.g., they are not interested in technology, they
may be less tech-savvy, they need a different color [. . . ] so the stereotyping is carried on
and on.” Marita Haas

“If you offer them pink, and only pink — they will go for pink. [. . . ] a customized
version [. . . ] where the user has the possibility to customize rather then you theme them
a particular version. [. . . ] because you assign them already to a stereotype and maybe
not doing them a good service because if the end aim is to get them motivated for pro-
gramming then they will be unfamiliar with how these tools look like in the real world.”
Libora Oates-Indruchová

In Section 2.4.2.5, the author presented a range of external initiatives and organizations which offer
playful coding activities off-school like coding clubs. These coding club initiatives have predomi-
nantly male participation (Zagami et al., 2015). To promote initiatives for female teenagers as girls
only, e.g., coding clubs or summer camps is therefore important in many ways (see Section 2.4.1).
These initiatives serve as vehicles to interest girls more deeply in ICT, to foster their sense of belong-
ing and self-efficacy, and to show them new opportunities in their lives. If such activities are promoted
in schools, teachers have the conflict to provide similar activities for boys as well. Moreover, situa-
tions where females are preferred to males can lead again to a range of negative impacts (stereotypes,
threats, discrimination, etc.). Thus, many external initiatives exist that promote girls-only courses.
Overall, the key benefits of girls-only initiatives are social encouragement (reinforcement of CS by
peers, mentors, role models), self-perception (interest in problem solving, creative and collaborative
environments), and career perception (job clarity, personal relevance) (Zagami et al., 2015). Further-
more, facilitators and teachers report the difficulty to engage girls and boys equally in traditionally
male-dominated subjects such as computing. Thus, coding initiatives for girls may improve women’s
participation in such activities. The following tables present successful girls-only initiatives world-
wide, in Europe, and in Austria (see Table 2.4)54, and compare them by age, target group, course
content, and setting.

54Girls in Tech: http://girlsintech.org/; Girls Make Games: http://girlsmakegames.com/, Girls make Games:
http://girlsmakegames.com/, Django Girls: https://djangogirls.org/ and https://djangogirls.org/vienna/,
Made with Code: https://www.madewithcode.com/, Girls develop IT: https://www.girldevelopit.com/,
Girls who Code: http://girlswhocode.com/, Black Girls Code: http://www.blackgirlscode.com/, Seattle
Girls School: http://www.seattlegirlsschool.org, Wise: https://www.wisecampaign.org.uk/, Tech Women:
https://www.techwomen.org/, Indian Girls code: http://robotixedu.com/indian-girls-code/, Girls’n’Code:
http://girlsncode.com, CoMaed: https://www.comaed.tugraz.at/index.php/wbindex/start
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Table 2.4.: Successful coding courses from all over the world.
Initiative Details Age/Country Content Setting

since 2007
non-profit

women in
general
global

empowerment,
engagement and
education network
to boost visibility
of women in tech jobs

bootcamps,
global
classrooms,
mentorship

educational
company

8-17
year olds
global

web, Angular, Git,
HTML, CSS, PHP,
MySQL access to
knowledge through
games

game
workshops

since 2014
non-profit

girls/women
global and
local facilities

web application using
HTML, CSS, Python
and Django

workshops,
open sourced
online
tutorials

since 2014
by Google

school girls
worldwide

a community-based site
filled with projects to
encourage girls to learn
coding,e.g., make a film,
build an app

online courses

Girls develop IT

since 2010
non-profit

school girls
US

learning web and
software development,
e.g., HTML/CSS,
Javascript, Github/Git

in-person
classes
and community
support

since 2012
non-profit

10-11th

grade girls
US

learn coding and get
exposure to tech jobs
for beginner to
advanced

clubs, campus
and summer
immersion

since 2011
company

7-17 year
old girls
US

introducing coding
by robotics, hosting
talks from women
in tech

workshops
after-
school
programs

Bill&Melinda
Gates
Foundation

Middle school
Seattle/US

to encourage girls
in math and sciences
by building robots,
and creating new
career paths

a girls school

non-profit
girls/women
UK

career development
programs for STEM,
returners programs,
media and
presentation skills

training courses
for companies,
women in STEM,
WISE conference
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U.S. department
of State Bureau

women in Africa,
Central / South
Asia, Middle East

project-based
mentorships, female
role models providing
access and opportunities

workshops,
networking
events,
mentoring

Indian Girls Code
by Robotix
learning
solutions

7-12 years old
India

coding and
robotics education

workshops

since 2015
company

for coding novices
Vienna/Austria

web design (HTML,
CSS), coding, blogging

courses,
videos,talks

TU Graz
+ 10 years
Graz /Austria

robotic, coding,
web-design, for
beginners and
advanced

courses

“Segregation works for girls in particular because they are not compared to boys, they
are not teased, they can communicate with each other. I think it has been confirmed
that in some cases the girls only environment can stimulate particularly in when we are
talking about a discipline that is traditionally not considered for women. Then I think
it is important that they are by themselves. It is important that they can have their own
community. [. . . ] When you think you have an environment where competition and
hierarchy has such an impact that it doesn’t stimulate the girls to a better performance
but rather intimidates than that’s a good reason to separate them or try to remove the
inappropriate influence. This will allow collaboration and different ways of creativity.”
Libora Oates-Indruchová

“I believe that such initiatives are helpful in order to create a basis, to give the girls
self-confidence. For example if they join our ‘CoMaed‘ course and see that they can do
it, they also have a different standing in the mixed groups [. . . ] to see: I’ve tried that once
and I can do it! Especially in technology boys have often experiences in tech, since they
are more influenced from an early age. And if girls can make those experiences too, they
start with a healthy self-confidence.” Gudrun Haage

To conclude, many initiatives exits with the common goal to reinforce young women in coding.
Such initiatives also exists for other disciplines, e.g., in music55. The goal is to provide new frame-
works for introducing computer science to broader and more diverse audiences.

2.5. Summary Literature Review

In conclusion, in the literature review chapter fundamental concepts for (playful) coding education
have been summarized as well as an overview has been provided about the situation of women in
technology. At the beginning of the chapter, the current situation of CS curricula in schools has

55Girlsrock: http://www.pinknoise.or.at/ and http://girlsrock.at
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been presented. Here the author assumes that coding courses (in Austria) in the future must be more
interdisciplinary and foster hands-on (tinkering) experiments through project work. To prepare age
appropriate teaching material for teachers is essential to support them with new challenges of the CS
curriculum.

The underlying relationship between different learning theories of Constructivism and Construc-
tionism from the past and new concepts from today like CT or the UDL show the importance of
problem based and self-directed learning, engagement, and collaboration, as well as constructing new
knowledge and sharable artifacts by using new technologies. Intrinsic and extrinsic motivation plays
an important role in all learning theories and shows ways to reinforce students for learning by fun and
self-efficient activities, which provide interest in STEM, learning goals and frameworks by using a
gamified and playful approach. To support coding activities two trends are presented in more details:
block based visual oriented coding and mobile learning. Furthermore, terms like games and play have
been defined as well as different game based learning strategies, like GBL, gamification and GDBL
were presented. Subsequently, a closer look at the game jam approach has been provided.

The next part provided an overview of the broad research area of the gender gap in IT. It shows
actual numbers from all over the world and from different fields, which picture the global gender
gap, and also show the exclusion of female teenagers from CS university programs, worldwide and
in Europe/Austria. This part concludes which the argument that it is important to support women in
STEM to improve the situation for all (companies, industries, or in working teams). Subsequently,
reason have been provided which indicates that the gender gap already origins in teenagers and is
most critical in students in middle school. Female teenagers between 12-15 years decide their future
careers and many indicators speak against to decide for a CS career, e.g., stereotypes who have a
huge impact, preconceptions, the male tech/gaming industry, absence of female role models/mentors
and of course a lack of sense of belonging, summarized in the image of the “Girl in Tech”. Finally,
several solutions for a gender unbiased classroom have been presented and how to encourage girls
with games, inclusive tools and girls only initiatives.

Although gender differences in experiences, self-efficacy, lack of fit, motivations, interests, problem-
solving styles, learning styles, and gaming behavior are all implicated in this issue, it is important to
remember that no female teenagers is statistically “all-female”, which is true also for male. How-
ever, like already mentioned, improvements for females have the potential to improve the situation for
everyone and support these differences does not penalize either gender — it helps everyone.

The literature review defined the foundation for the practical part of this doctoral thesis. Now that
all essential background knowledge have been presented, this sentence marks the end of the theoretical
part of this thesis.
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Chapter 3
Catrobat and the No One Left Behind
(NOLB) Project

The focus in the subsequent chapters lies on the Catrobat project, the educational app Pocket Code,
and the corresponding European H2020 project No One Left Behind (NOLB). In this chapter, the
whole project is introduced as well as the setting of the Austrian pilot. Finally, the chapter concludes
with the implementation of different frameworks, resources and tools during NOLB. A Game-Making
teaching framework has been created and in addition, a new app with the name Create@School has
been developed for the use at schools. This app is a more tailored version of Pocket Code for academic
purpose, with predefined templates for students to start with an almost finished game and accessibility
settings have been added for students with special needs. Create@School is also linked to other ser-
vices such as behavioral tracking to collect events during coding, as well as the Project Management
Dashboard (PMD) for project submission and assessment by teachers.

These Catrobat tools and services have been evaluated during the time of the project according to
their usability and attractiveness. Their evaluation is part of Chapter 4 and build the foundation for
the results of this thesis in Chapter 5.

3.1. The Catrobat Project

The Free Open Source Software (FOSS) non-profit project Catrobat56 was initiated 2010 in Austria at
TU Graz. The multidisciplinary team develops free educational apps for teenagers and programming
novices. The aim is to introduce young people to the world of coding. With a playful approach, young
people of all genders can be engaged (see Section 2.2) and Section 2.4.2.4) and game development can
be promoted with a focus on design and creativity (see Section 2.2.2). Catrobat is the official name of
the project’s visual programming language as well. The project follows an interdisciplinary approach
through worldwide collaborators. More than 500 participants, most of them students of TU Graz,
participated in this project. A first public version of our free app published in 2014, with 46 releases
of the main coding app as of April 2018. Our app currently has more than 700,000 users in 180
countries, is natively available in 40+ languages (including several languages not directly supported

56Catrobat: https://www.catrobat.org/
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by the underlying operating system), and has been developed so far by almost 1,000 volunteers from
around the world.

3.2. Pocket Code: Creating Personalized Apps

One of the apps of Catrobat is Pocket Code, a visual programming language environment that allows
the creation of games, stories, animations, and many types of other apps directly on smartphones or
tablets, thereby teaching fundamental programming skills. This app consists of a visual Integrated
Development Environment (IDE) and a programming language interpreter for the visual Catrobat
Programming language. The IDE automatically translates the underlying code parsed by the XML
file into visual brick elements and vice versa. With the use of simple graphic blocks, users can create
their own game, colorful animations, or extensive stories directly on the mobile phone without prior
knowledge. Visual and block based coding language helps novices with an easy to use interface and
predefined Lego® style bricks (see Section 2.1.4.1).

The drag and drop interface provides a variety of bricks that can be joined together to develop fully
fledged programs. The app is freely available for Android on Google’s Play Store57 and soon will
be available on Apple’s iTunes Store for iPhones. The target audience for Pocket Code are teenagers
between the age of 11 and 17 years old who have access to or own an Android smartphone. Figure 3.1
shows Pocket Codes’ UI and an example program with “Alice in Wonderland” characters.

57Pocket Code: https://catrob.at/pc
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Figure 3.1.: Pocket Code Alice themed program.

3.2.1. Pocket Code: the mobile integrated coding environment.

Programs in Pocket Code follow a similar syntax to the one used in Scratch (see Section 2.1.3.1).
Programs in Pocket Code are created by snapping together command bricks as well. They are arranged
in scripts that can run in parallel, thereby allowing concurrent execution. To communicate between
objects, to trigger execution of scripts, or scripts beyond objects, broadcast messages are used. By
means of this mechanism, sequential or parallel execution of scripts is possible, either within the
same object or over object boundaries. In addition to the basic control structures, Pocket Code offers
event triggering building blocks for event-driven programming. Familiar concepts, such as variables,
lists, or Boolean logic, are included. Furthermore, Pocket Code offers the ability to embed graphics,
animations, music, and sounds.

In addition to Scratch, Pocket Code has a 2D physics engine integrated which enables the user
to define certain physical features of objects and the stage (e.g., a simple collision detection, the
definition of velocity, gravity, mass, bounce factor, or friction) to create from simple up to complex
simulations of real world experiments. With Pocket Code’s intuitive merge functionality, the new
parts of two programs can be seamlessly merged together into one larger program — parts of the two
initial programs that exist in both are not duplicated. This makes programming cooperatively, e.g., on
different levels, much easier.

Modern smartphones are equipped with a large number of sensors, although most mobile games
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only use few or none of them (Kafai and Vasudevan, 2015). Within Pocket Code, users can create
games using the device’s sensors, such as inclination, acceleration, loudness, face detection, GPS
location, or the compass direction, which makes user input easy and engaging. With Pocket Code
it is also possible to connect via Bluetooth to Lego Mindstorms® robots or Arduino™ boards. The
following extensions are available: Lego Mindstorms NXT/EV3, Parrot AR Drone 2.0 and Parrot
Jumping Sumo Drone, Arduino, Raspberry Pi (via WiFi), NFC tags, Phiro robots58, and Chromecast.

One new feature (at the time of writing still in development) is an extension to program embroidery
machines. Once available, self-created patterns and designs can be stitched on t-shirts, pants, or even
bags or shoes. With Pocket Code, the embroidery machines will be programmable, similar to the
existing TurtleStitch59 project, which realizes this concept on a PC (while with Pocket Code only a
smartphone is needed). As a result, teenagers have something they can be proud of, something they
can wear, and they can show to others. This feature has proven to be especially engaging for female
teenagers and show them new ways of expressing themselves creatively through coding. Figure 3.2
shows an example of an embroidery pattern made with Pocket Code.

Figure 3.2.: Stitched patterns in Pocket Code. Picture in the right with kind of permissions from
Andrea Mayr-Stadler, www.TurtleStitch.org project.

These kinds of computational construction kits make creating programmable hardware accessible
to even novice designers and combines coding and crafting with a rich context for engaging stu-
dents (Kafai et al., 2014). In the context of robots, being able to program a smartphone makes much
more sense, as the smartphone can be mounted on the robots, thus allowing to give it a face, a voice
and other sounds, and additional sensors can be used such as acceleration, inclination, magnetic field,
GPS, voice recognition, and computer vision. Also, since only a smartphone is needed with Catrobat,
the programming can be done on the spot, outside, e.g., when using one’s land-based robot or flying
drone outdoors. With Catrobat no laptop or PC is necessary, thus, coding can take place anytime and
anywhere, and in particular can be widely made available even in less affluent communities around the

58Robotix: http://www.robotixedu.com/phiro.aspx
59TurtleStitch: http://www.turtlestitch.org/
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world. In addition, Catrobat released a Scratch Converter to allow the conversion of existing Scratch
projects to the Catrobat language directly within the app, so there are, currently around 30 million
Scratch projects available for remixing and providing inspiration for our users.

Pocket Code interface consists of different areas: First, the app itself with a main menu and
the program collection of downloaded or self-developed programs, and second a community sharing
platform, which is integrated into the app as a web-view, and which serves as a learning, sharing,
remixing, cooperation, and publishing place. Third the “stage” where programs get executed on the
phone, and additionally a sophisticated graphical editing program that allows to draw and edit the
looks of all actors, objects, and backgrounds of one’s programs.

This community sharing platform60 provides an online platform for users to download and up-
load programs, share them with other users, search for programs, and to provide feedback, e.g., write
a comment to a program or rate a program. In addition, tutorials and starter programs are provided.
The web application is based on the Symfony Web Framework, implemented in PHP, a web pro-
gramming language, the data are stored in a relational MySQL database and it uses Doctrine as an
object-relational mapping tool. In community website’s program overview, users can execute the pro-
gram directly in desktop browsers (HTML5 web player), download the program to the Pocket Code
app, or download the program as a standalone Android app. In addition, the tool automatically creates
statistics from Pocket Code programs and provides an online code overview. The program details
page is illustrated in Figure 3.3.

Figure 3.3.: Pocket Code web-share: programs details page with code statistic and code view.

60Community sharing platform: http://share.catrob.at
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Figure 3.4 illustrates the options within the main menu.

Figure 3.4.: Main menu: 1. within the settings the user finds, e.g., the Accessibility Preferences or the
Scratch Converter; 2. the user can create a new program by starting with an example game
or with an empty game; 3. program overview: the user can open a program to execute
or modify it; 4. open help: videos, tutorials, step-by-step tutorials, education page for
teachers and students or Google groups forum; 5. download and play games from other
users; 6. upload a game to the sharing platform.

If the user starts first with a new and empty program, it initially only contains one empty background
object. With the “+” sign users are able to add objects, looks, or sounds (depending on which activity
he or she is in). The background object itself can be assigned to several backgrounds, which can be
exchanged during runtime. The background can also have its own scripts. Every program can consist
of multiple objects and at least one background (which is a special kind of object). Every object can
hold a. scripts that define the behavior of the object, b. looks which can be changed and used, e.g.,
for object animation, and c. sounds to make the object play music, other sounds, or recorded speech.
Scripts can control the looks and sounds. Figure 3.5 holds an overview of a new Pocket Code program
UI.
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Figure 3.5.: Pocket Code’s UI in general.

Looks can be drawn and edited with Pocket Paint. Pocket Paint61 is a second app of Catrobat
available on Google Play which allows users to create their own objects with a pencil or different
shapes (note that the project currently work on integrating this second app completely in Pocket Code
in order to simplify the installation for our users). Distinctive features of Pocket Paint include the
ability to use transparency, to zoom in up to pixel level, to change the dimensions of the looks, and
to use layers, the latter being particularly interesting to create consecutive looks from an animation
series. In addition, users can add looks with their camera, from their phone’s memory, or use the
Catrobat’s Media Library with a collection of predefined graphics. To add a new sound the user can
either record a sound directly in Pocket Code, add a sound from the Catrobat Media Library, or add a
sound from the phone’s memory. This workflow is illustrated in Figure 3.6.

61Pocket Paint: http://catrob.at/PPoGP
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Figure 3.6.: Pocket Code’s UI: add a lookobject or add a sound with the “+” sign.
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Figure 3.7.: Pocket Code’s UI:
add new scripts and
choose bricks from
the seven basic
available categories.

A script is a collection of code blocks that contain the logic of
programming and define the operations of the object. Thus, it is
possible to move the object and access its properties and change
them. For adding scripts there are seven different brick categories
(see Figure 3.7) a. The Event category in dark orange that contains
“hat”-bricks or broadcast bricks. Hat bricks are special kinds of
bricks that, depending on certain circumstances such as a tap on an
object, start the attached script; b. The Control category in orange
contains if-then-else bricks, loop-bricks to control the flow of the
script, bricks to switch between scenes, clone bricks, etc; c. The
Motion category in blue color contains bricks to manipulate the
object’s position, orientation, or movements; d. The Sound cate-
gory in purple contains bricks to start and sounds, manipulate the
volume, or accept spoken input; e. The Looks category in green
contains bricks to change the graphical appearance of the object,
e.g., set/change size, brightness, transparency or hide/show the ob-
ject as well as set a certain look to animate the object, or to show
speech and think bubbles, or to ask for written user input; f. The
category Pen in dark green holds bricks for drawing lines (a pen
that follows the object) and the option to leave stamped marks of
the object on the background; g. The Data category in red con-
tains bricks to manipulate variables and lists, e.g., to set/change
variables, maintain lists, add/insert/replace items, and show vari-
able content on the stage. This color scheme makes is possible
to understand scripts more easily through the bricks’ color which
supports readability. By activating extensions in the settings menu,
additional categories appear for Lego (yellow), Drone (brown), Ar-
duino, the Phiro robot (both in cyan), etc.
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The formula editor looks like a similar to a calculator and allows the creation and execution of
mathematical and logical formulas that can be used in bricks. The formula editor is shown in Fig-
ure 3.8. It consists out of an input field that show and compose the formula, a keyboard, and a compute
button to display the current result. On the keyboard, five categories for various values, functions, and
operators are available. a. Object: a collection of values of the current object, e.g., values for the X
and Y coordinate, or the current speed, b. Functions, such as sin or cos, and a random number genera-
tor, or list and string functions, c. Logic is used to compare values or to combine logical expressions.
d. in Device there is information that the smartphone or tablet records, e.g., inclination, loudness, or
GPS data, and e. Data stores variables and lists and shows their last value.

Figure 3.8.: Formula Editor: a. The value for the direction can be defined as a constant or, a sensor
can be chosen by tapping "Device"; b. Available sensors which can be used.

With a tap on the play button the program starts. The objects are shown on the stage and the scripts
are executed. To stop or to pause the program, the user has to tap on the back button of the phone. A
stage menu appears which can be seen in Figure 3.9. The stage is organized in a logical coordinate
system with an X- and Y-axes, which allows an exact positioning of the objects. These axes can be
displayed in the stage menu (see Figure 3.8c.).
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Figure 3.9.: Stage; a.) tap the play button to start the program, b.) tap the back button of the phone
to pause the game, c.) in the stage menu the user has five options: 1. tap back again to
stop the game and switch back to editing of programs, 2. restart the game, 3. resume
the game, 4. add a new preview picture to the program (this will be shown, e.g., on the
sharing platform), and 5. display the X/Y axes on the device screen.

3.2.2. Pocket Code example program.

To demonstrate the user interface and how the integration of sensor data can be achieved, a small
Pocket Code program is presented in this section (see Figure 3.10). This example was part of the
author’s paper (Spieler et al., 2016). The goal is to create a bird flapping its wings that always points
to North despite the phone’s direction.

This demo consists of two elements: a sky-blue background object which is inanimate and a bird
object (see Figure 3.10a). The bird object may contain scripts, looks, and sounds (see Figure 3.10b).
In this demo it has two different looks which are used for the animation of its wings (see Figure 3.10c).
The bird’s scripts section contains a single script that makes the bird flap its wings and updates the
bird’s direction to the North (see Figure 3.10d).
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Figure 3.10.: Example program a. the program consists of one object and the background; b. the bird
can hold scripts, looks and sounds; c. the bird has two looks used for animation; d. the
bird’s script defines its behavior.

The script in this demonstration (see Figure 3.10d) consists of five bricks from three different cat-
egories. The first brick "When program started" is a trigger, which starts the execution of the script
whenever the Pocket Code program is started by the user. The "Forever" brick with its delimiter "End
of loop" represents an endless loop, meaning that every brick between "Forever" and "End of loop" is
executed as long as the Pocket Code program is executed. Within this loop the core components of
the bird’s behavior are defined. The "Next look" switches the object’s appearance from "wings up" to
"wings down" which gives an illusion of animation. The "Point in direction” brick updates the object’s
direction. To use the compass direction with the "Point in direction" brick, the formula editor must be
invoked by tapping the brick and choosing "Edit formula" from the context menu or by tapping the
direction value field. The value then can be edited with the formula editor (see Figure 3.9a). Tapping
on to the "Sensors" field of the editor opens a list of available sensors (see Figure 3.9b). which can be
inserted as a direction data provider for the "Point in direction” brick. The last brick’s purpose in the
forever-loop is to slow down the animation rate. Hence, a "Wait 0.2 seconds" brick is inserted causing
a 0.2 second delay in this loop.

3.2.3. Pocket Code for academic purpose.

Pocket Code is an easy way to start coding or to be used in project work at schools. In addition,
Pocket Code greatly facilitates the research since the relevant data (the programs) were recorded
when uploading the games to the sharing community website.The advantages of using mobile phones
in schools has been already described in Section 2.1.4.2. Pocket Code is not intended to develop
standard applications, but to promote understanding the logic behind coding and foster conceptual
thinking (see Section 2.1.4), thus following a constructionist approach in learning by doing and the
creation of sharable artefacts (see Section 2.1.3.1). Thus, creative and artistic talents can be recognized
and the learning occurs in a student-centered, project-based setting with the use of new media. An
imminent feedback, by executing the code and seeing the result on-stage, makes detecting bugs in the
program easier. Complexity can vary from simple sequences of steps to create an animated story to the
use of traditional programming concepts (branching, loops etc.) to create interactive games. Pocket
Code facilitates students in creating their own games within an educational context and can improve
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student motivation and engagement. Use of gaming technologies e.g., reward system, or other MDA
elements (see Section 2.2.1.1), as well as automated analysis of user input/submitted project work,
can help to motivate them further and shows interesting insights for teachers to provide effective
feedback. Users of Pocket Code are mostly teenagers who can learn from each other and share their
ideas to create new games and other apps together. The community sharing platform allows create a
knowledge-building community and to give and receive feedback, support, and assistance from others
around the world, thus allowing our users to stand on the shoulders of their peers and learn from each
other.

Pocket Code aims to reduce the complexity of coding by giving students responsibility for their own
learning process. Visual programming languages in general help novice users to express their ideas
easily and create small programs within minutes (see previous sections). These languages typically
keep the focus on the semantics of programming and eliminate the need to deal with syntactical
problems. Through coding with visual programming languages like Catrobat, an insight can be gained
into how students think and their cognitive processes can be visualized (Papert, 1985). As described in
Section 2.1.4, coding supports logical thinking skills and this is important to students in many ways,
e.g., when making important decisions (Syamsul and Norshuhada, 2010). The syntax of traditional
programming environments is usually too complex for children to understand or it does not fit their
interests and experience.

“In particular, we felt that it was important to make the floor even lower and the walls
even wider — but still supporting the development of computational thinking.” (Resnick
et al., 2009, p. 62)

Thus, visual programming environments provide an easy start, but allowing to develop more com-
plex projects as well by adding “Wide Walls”. This emphasizes that Scratch supports a wide variety
of projects as well as ways to learn and play, according to the needs and interests of its users (Resnick,
2017). Teenagers can try out new ideas and realize the projects they define for themselves, aided and
inspired by likeminded others in a user-friendly and social environment. Catrobat fosters diversity
and learning in a worldwide community. It is important that teenagers can personally contribute, e.g.,
with their own photos, graphics, music, or recordings. As the theory of constructivism states, it must
indicate something meaningful for them and bring interesting insights. The social part is covered by
giving the opportunity to share the programs on the community sharing platform (see Figure 3.4).
Students love to publish their own work, e.g., on YouTube (Wolber, 2009). According to the construc-
tionism theory, an essential part of learning is to present something self-constructed to the public.

To conclude, it suggests that teenagers may see Pocket Code as a welcome addition to traditional
classrooms and that parents may see pedagogical value in time their children spending on their phones
engaged in creative fun activities.

3.2.3.1. Pocket Code to reinforce female teenagers.

More and more female teenagers play mobile apps (see Section 2.4.2.4) and the number correlates
with the popularity of smartphones among this group (see Figure 3.11). Thus, Pocket Code is an
interesting tool for them to be creative, to collaborate with other as well as to learn. Thereby, Pocket
Code fosters intrinsic motivators for inclusive environments (see Section 2.4.2), like providing a sense
of belonging with an existing community that shares, remixes, and creates games with a wide range
of different topics. The focus on game design, creativity, sharing one’s assets, and using sophisticated
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assets provided through the Pocket Code’s Media Library make coding more interesting and fun. With
only a few bricks, animations, narrative stories, interactivities, or movements can be easily included in
games and provide self-efficacy by reaching small steps in creating a bigger game during project work.
With Pocket Code female teenagers can be reinforced, e.g., by guiding them and supporting them by
asking them specific questions to foster their CT skills, playing an active part in problem-solving
strategies, and finally by providing recognition of their work done.

Figure 3.11.: Rise of women playing
mobile games (Google
Inc., 2017).

Teamwork and a sense of ownership are two important
factors of motivation but not mutually exclusive to each
other. Working on their own levels and later adding these
levels to a bigger game fosters inclusion, collaboration, and
engagement for girls. To foster female students in their cod-
ing as well, tutorials and step-to-step guidance needed to be
developed to help them with important steps. To conclude,
at the beginning of the project, Pocket Code already had
huge potential to reinforce female teenagers through playful
activities but needed more focus to truly understand needs
and expectations of this specific target group of young girls.

3.2.3.2. Pocket
Code an optimal tool to perform game jams.

In Section 2.2.2.3 the author presented the advantages of
running game jam events in schools. Since no programming
experience is needed to use the Pocket Code app, it seems
to be a very suitable tool for novices who attend a game jam
as it allows for creating playable games within a short time
span in fast-paced and collaborative environments. There
are several key advantages to using Pocket Code for game jams. For example, the feature to merge
programs among users and transfer objects, code, looks, and sounds between projects via the "back-
pack" functionality fosters distributed development and collaboration among students. Using the con-
structionist approach (Papert and Harel, 1991) and combining it with the game jam idea (Kaitila,
2012) is new opportunity to enhance collaboration and teamwork. At the beginning of the project,
the team conducted and attended game jams to gather insights in how to run such events. Thus, the
team identified three challenges connecting game jams with Pocket Code. First, there were difficul-
ties working in teams on one program, and second, finding a suitable time frame for game jams. The
GGJ event has a time frame of 48 hours but in a school context, it is easier to conduct game jams
over a longer but less intensive period of time, where students are able to work on games, e.g., as a
homework exercise over several weeks. The third issue was finding appropriate sizes of participating
teams.

Statistics presented in Section 2.1.4.1 show the wide distribution of smartphones among our target
group and supports the argument of using smartphones for game jams for this target group. Thus no
costly hardware or programs are needed for participation. This point facilitates the setup of Pocket
Code game jams since there is only a minimal organization effort for teachers and schools. Further-
more, global participation is possible. Since Pocket Code is translated into more than 40+ different
languages, students all over the world can participate and use the app in their mother tongue. Students
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worldwide can be reached through online game jams and submission through the website. Moreover,
participants can be more or less experienced. Thus, it was essential for the jam to provide themed
tutorials, guidelines and an easy workflow to submit games. The setting of our performed game jams
during NOLB will be presented in Section 3.4.1.1 and the evaluation in Section 4.5.

Our new and forward-thinking approach to code on mobile devices received national and inter-
national recognition. The Catrobat project has won a number of awards, including 2016 two Lovie
Awards ex aequo with Red Bull and Doctors without Borders, evaluating the best European digital
projects in London, and the Reimagine Education Award for innovative educational projects at the
Wharton Business School of Pennsylvania62. Additionally, in March 2017, Catrobat won the "Plat-
inum Award" in Best Mobile App Awards Best Educational App category and 2016 the “Internet
for Refugees” award for a Right-to-Left language implementation of Pocket Code, which supports
RTL languages, e.g., Arabic or Farsi, and particularly focuses on refugees and children in crisis or
development areas. A new project “RemoteMentor” was started January 2018 which promotes re-
mote mentoring by connecting female role models with female programming beginners. This idea
was awarded with the "Closing the Gender Gap"63 prize of the Austrian NetIdee in November 2017.
In addition, Google is supported the project by featuring it on Google Play for Education and it has
already been accepted six times for the Google Summer of Code (GSoC) program64 and will return
again in 2018.

3.3. European H2020 Project: No One Left Behind (NOLB)

The European No One Left Behind65 (NOLB) project has been funded by the Horizon 2020 frame-
work and involved partners from Germany, Spain, the UK, and Austria. Figure 3.12 illustrates the key
elements of the NOLB project.

62Reimagine Educaition Award: http://www.reimagine-education.com/awards/reimagine-education-2016-honours-list/
63NetIdee: https://www.netidee.at/node/625
64Google Summer of Code: http://developers.google.com/open-source/gsoc
65No One Left Behind project: http://no1leftbehind.eu/
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Figure 3.12.: The NOLB project, the Austrian pilot and the Create@School app.

The vision of the NOLB project was to unlock inclusive gaming creation and to construct expe-
riences in formal and informal learning situations from primary to secondary level, particularly for
children at risk of social exclusion. The focus laid on those teenagers with special educational needs
and disabilities (in UK) as well as immigrants (in Spain); the project was also used as a chance to rec-
ognize gender differences in engaging with coding activities and game jams (in Austria). The project
aimed to develop a new generation of Pocket Code, which should be a more mobile media-rich pro-
gramming environment for teenagers, by providing meaningful learning experiences and supporting
learners to realize their full potential. This was done by transferring game mechanics, dynamics, as-
sets, and in-game analytics from non-leisure digital games into the app and by evaluating the coding
lesson. This project started in January 2015 and reached its conclusion in June 2017.

The project goal was threefold: First, the team studied new ways of learning by focusing on a con-
structionist approach (see Section 2.1.3.1). Students solved curriculum-related problems while using
the Pocket Code app, e.g., in physics, computing, arts, music, history, or language-learning courses.
This interdisciplinary approach allows teachers to integrate coding not only in computer science but
also in interdisciplinary and regular subjects which is a commonly used concept in European schools
(see Section 2.1.1). Furthermore, for NOLB, teachers guided and assisted students in their learning
processes by using a GDBL approach through making games to topics from their subject areas (see
Section 2.2.2.2). Students were supported to take control of their own education, and became more
engaged, interested, and empowered as a result.

Second, the NOLB partners created an enhanced version of the app Pocket Code and adapted it
for use in schools. This new version developed during the project was called Create@School and
integrated the results of the observations during the pilot studies as well as considered feedback from
both teachers and students. Furthermore, a new web-based Project Management Dashboard (PMD)
for teachers was developed. The app was released in October 2016 as an open Beta version on Google
Play for first test runs during the Second Cycle of the project.

Third, the team investigated Pocket Code’s potential for engaging students at risk of social exclu-
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sion. Thus, three small scale experimental pilot studies in Spain, the UK, and Austria were performed.
The target groups and pilot schools are described in more detail in the next sections.

This game creation challenges in classes should enhance students’ abilities across all academic
subjects, including logical reasoning, creativity, and the development of social and computational
thinking skills (see Section 2.1.4.1). Thus, the team studied whether the use of mobile game design has
an impact on learning, understanding, and retention of knowledge, as well as satisfaction for students
at risk of social exclusion. Moreover, students had the opportunity to socialize with their peers during
the game-making process by working in teams. One outcome in Austria included more than 400
sharable programs designed to reflected students’ different styles of thinking and learning (Ramnarine-
Rieks, 2012). This section provides an overview about the setting within the different pilot countries,
especially the setting in Austria, and describes the experimental cycles of NOLB.

3.3.1. A cross-european case study.

The outcomes during NOLB have been validated in three European small-scale experimental pilots in
Spain, the UK, and in Austria on primary and secondary levels. The project was performed in three
phases and each site targeted approximately 200 students between 9 and 18 years old experiencing
different social exclusion problems. Hence, the Pocket Code app has been integrated into different
curricula subjects and improved for academic use in every phase of the project.

Partners within each country focused on a different type of learner:

• Austria focused on enhancing girls’ interest in STEM subjects through fostering social inclusion
in class communities (see results in Delivery 5.4 (Spieler and Mashkina, 2017))

• Spain targeted on learners who are at risk of social exclusion related to immigration through
fostering collaboration, cooperation, and engagement between Spanish and immigrant students
(see results in Delivery 5.5 (Gaeta and Cea, 2017))

• in the UK, the team was working with children who have special educational needs and disabil-
ities (see results in Delivery 5.3 (Hughes-Roberts et al., 2017))

To limit the scope of topics to those relevant to this thesis, the remainder of this section only focuses
on the Austrian pilot. The description and results of the pilots from UK and Spain would be outside
the scope of this thesis and they are not discussed in more detail.

3.3.2. The setting of the Austrian pilot.

This section provides an overview about the participating pilot schools in Austria, students that took
part in the study, and teachers and their background and subjects in which Pocket Code was used are
described in more detail.

3.3.2.1. Pilot schools.

In Austria, the NOLB project was piloted in three different schools situated in and around Graz. All
three participating schools were AHS — Academic Secondary Schools (for more information about
the different school types in Austria, see (Federal Ministry of Education Austria [4], 2017)).
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The first school was “Graz International Bilingual School” (GIBS)66, a bilingual (German-English)
senior secondary school for students aged 10-18. Teachers at GIBS help the students to apply English
with an intensive phase of language acquisition in the first grade. This international character should
help them (as stated on their website) to “encourage respect for cultural diversity and in developing
critical awareness and constructive ways of dealing with criticism of oneself and the world at large.”
GIBS participated with eleven different classes, which ranged from Grade 6 to Grade 10 (students
aged 12 to 16 years).

The second school was “Akademisches Gymnasium Graz”67, which had already worked for several
years with Catrobat. Computer science is taught from the first grade within the subject German and
also in the fifth grade. The lesson plan included robotics, movie creation, and basics in coding (with
C#, Pocket Code or web design). In this school, three different classes took part (8 courses) from
Grade 6 to Grade 12 (students aged 11 to 18 years).

The third school was “BORG Birkfeld”68 at Birkfeld, which is an one hour drive away from Graz.
This school offers the possibility to focus on natural sciences and information technology from Grade
5 to 8. Students learn how to set up and manage computer networks, as well as basics of programming
for computers, tablets, and smartphones. This school took part with three classes (Grade 9, students
aged 14-15 years).

3.3.2.2. Participating students.

In total, 478 students participated in the Austrian pilot (281 female students, 197 male students; see
Table 3.1).

Table 3.1.: Classification by gender and cycle. Feasibility Study (FS), First Cycle (FC), Second Cycle
(SC)

Cycle Girls Boys Total
FS, FC 165 107 272
SC 116 90 206
Total 281 197 478

The coding lessons were performed at the three schools described in the previous section with
classes from Grade 6 to Grade 12 (11 to 17 years old). Figure 3.13 shows the amount of students per
school and the distribution among genders.

66GIBS: http://www.gibs.at/
67Akademisches Gymnasium: https://www.akademisches-graz.at/
68Borg Birkfeld: http://www.borg-birkfeld.at/
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Figure 3.13.: Number of students per school and gender distribution.

Figure 3.14 shows the distribution by gender and grade level. Most students had Pocket Code
lessons in Grade 9. The reason, as described in Section 2.1.2, is that computer science is only manda-
tory in Grade 9 for one hour a week. Since most of the participating teachers had their profession in
informatics (see next section), it was easier to apply Pocket Code to this units than in units of lower
grades.

Figure 3.14.: Distribution of students by gender and grade level.

3.3.2.3. Participating teachers.

Eleven teachers participated on a voluntary basis in the Austrian study and were invited to use the
app and materials during their classes. The description of the courses were part of the author’s pa-
per (Spieler et al., 2017). They provided feedback for improvement in a later stage. The teachers’
gender, their technical background and a list of their subjects in which Pocket Code has been inte-
grated, is visualized in Tables 3.2, 4.1, and 4.2.
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Table 3.2.: Teachers of pilot school one/GIBS: AHS — A Bilingual school.
Teacher

Nr. Gender Technical
background

Subject in which Pocket
Code has been integrated

1 female no English
2 female no English
3 male yes computer science
4 male yes computer science
5 female no physics
6 male no fine arts

Table 3.3.: Teachers of pilot school two/Akademisches Gymnasium: AHS.
Teacher

Nr. Gender Technical
background

Subject in which Pocket
Code has been integrated

1 female yes physics, computer science
2 female no fine arts, computer science

Table 3.4.: Teachers of pilot school three/Borg Birkfeld: AHS with focus on computer science.
Teacher

Nr. Gender Technical
background

Subject in which Pocket
Code has been integrated

1 male yes computer science
2 male no music
3 female yes computer science

To preserve the anonymity of the teachers, every teacher has been assigned to a number. This
number is used in the description of the courses as well (see next sections) and are referenced in the
evaluation chapter.

Before the start of the Feasibility Study (Fall 2015), an online questionnaire was set up to collect
information about the teachers’ digital skills and abilities (participating teachers: 1, 2, 3, 4, 7, 8, and
13). Therefore, the project adapted a Teacher Questionnaire, developed by Leicester City (Fraser
et al., 2013), to focus on programming and gamification. This helped to gain better understanding of
how resources such as training materials can be optimized to fit teachers’ needs. The results of the
questionnaire showed that all of them had already used digital media in their classes, e.g., presenta-
tions, links, and video clips, and all except two teachers (7, 8) also used boards/forums, blogs, or other
tools for group discussion, or interactive elements, such as mobile quizzes or polls. Five out of seven
mentioned that they used the school’s Management Information System (MIS) to electronically record
and monitor information about students’ attendance, behavior, and achievements. Two teachers (1, 7)
mentioned that they play computer games for fun and enjoyment and already used computer games
while teaching their classes.
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3.3.3. Experimental cycles.

The project validates its approach in different phases of the project: Preparation phase, Feasibility
Study, First and Second Cycle. The main achievements of each phase are illustrated in Figure 3.15
and described in more detail below.

Figure 3.15.: Phases of NOLB.

3.3.3.1. Preparation phase (Jan.-Sep. 2015).

During the preparation phase, several meetings with teachers from different pilot schools were con-
ducted. The goal was to gather information about the participating teachers and their subjects and
to create suitable use cases for them to include Pocket Code into different school subjects. In all
piloting countries, workshop days have been conducted at the end of the semester. In Austria, these
workshops took place in June and July 2015 to kick of the Feasibility Study. Within these workshop
days, Pocket Code was introduced to students, example programs were shown, and students got the
chance to create their first games (these students did not attend during the NOLB cycles). In order to
ensure a positive first experience with Pocket Code, the workshop was prepared with a lot of care. The
theme for the workshop was “150 years of Alice in Wonderland” in reference to the 150th anniversary
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of Lewis Carroll’s book, which was celebrated in 2015. This topic seemed interesting to the target
audience: students 14-17 of all genders. For the workshop itself, various materials were prepared,
including media assets, such as graphics, sounds, and tutorial cards for important functions (e.g., how
to detect collisions). The “Shape of a Game” (see Section 2.2.1.2) framework was preinstalled on the
mobile phones students used for the workshop, so that they could merge it into their games. With this
framework, students’ game design process was scaffolded, by allowing them to focus on the game
development itself. In Austria, two pilot schools attended the workshops. At GIBS, 19 students took
part and at Borg Birkfeld, 35 students attended the four hour workshop. The introduction session was
held in front of the whole class to show what could be achieved within Pocket Code, with the team
presenting example games and the user interface. Subsequently, students formed groups of two or
three and pitched game ideas. These ideas were shared with the class and students got direct feed-
back. Next, students created storyboards, which helped them to get a clear image of the gameplay and
characters. Without giving them further guidance in programming, they started to code their games.
The team took the role of coaches, and students could consult them when they needed some input.
This learning by doing approach supports the constructivist theory, and most importantly, students had
the opportunity to add their creativity to this session and explore the various functionalities of Pocket
Code on their own.

Figure 3.16 illustrates different impressions of the workshops. At the end, students uploaded their
games to the community sharing platform and presented their games in front of their peers (with the
use of a projector).

Figure 3.16.: Pictures of the workshop: storyboard, instruction session and framework “Shape of a
Game”.

The games created have been analyzed to define what kind of game design elements were used
most often in order to generate tutorials cards, tutorial videos and frameworks with Pocket Code. In
both workshops, many different games were created, e.g., mazes, skill games, jump and run games,
quizzes, adventure games, or racing games. 98% of the students described the workshop as very good
or good, 90% were satisfied with their results, and 89% liked to work in teams. These workshops
were the first steps in regard to the Feasibility Study and these first experiences were very important
for the later development of the lesson plans and the structure of the Pocket Code lessons. This will
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be part of Section 4.3.1.

Before finalizing the planning phase, the teachers needed to be involved as well. The success of the
project depended a lot on their participation and cooperation. Influencing factors included the subjects
in which teachers were planning to use Pocket Code and the amount of units available. In September
2015, the first teacher trainings were held to show the functionalities of Pocket Code. In the two-hour
courses, teachers were given a short introduction to Pocket Code, after which they created their first
program with the workshop facilitator. The hands-on session was done in a step-by-step approach
based on the teacher course that was designed by TU Graz69. The sessions were followed by short
discussion rounds where teachers considered how Pocket Code could be used best to support their
lessons. All training sessions were successful, and afterwards the teachers created some excellent
ideas together with their students. In the following weeks, they sent these ideas either in the form
of storyboards or descriptions to the NOLB team. After both the teacher trainings and the student
workshops, the following materials were prepared to kick off the Feasibility Study:

• Online course including explanation of the bricks, tutorial cards for students, and helpful game
metrics (“Shape of a Game”, game design process)70

• Short video tutorials with gaming concepts71

• Pocket Code frameworks (programs) for physics, fine art, English, computer science, and mu-
sic72

• Media assets like graphics and sounds online available through the Catrobat Media Library73

3.3.3.2. Feasibility Study (FS) (Sep.-Dec. 2015).

In September 2015, the first pilots for the Feasibility Study started. The target was to test how Pocket
Code can be used in a wide range of curricula subject, e.g. mathematics, geography, religious educa-
tion, fine arts, physics, computer science, or music. In particular, the feasibility pilot helped to identify
students’ and teachers’ specific needs for those that have special educational needs and disabilities, are
disengaged learners, and/or at risk of exclusion related to the project’s objectives. All this influenced
the full pilots and the planned Pocket Code enhancements, which shaped the new generation of the
app. Figure 3.17 shows the different stages of the Feasibility Study (Tinney et al., 2015).

Figure 3.17.: Schedule of the Feasibility Study (Tinney et al., 2015).

69Education platform: https://edu.catrob.at/fundamental-online-workshop
70Tips: https://edu.catrob.at/documentation-tips
71Tutorials: https://share.catrob.at/pocketcode/gaming-tutorials
72Tutorials Feasibility Study: https://share.catrob.at/pocketcode/profile/3611
73Catrobat Library: https://share.catrob.at/pocketcode/media-library/looks
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During the “Introduction” the team established exact curriculum elements and learning objectives,
like described further in Section 3.5 “Observation 1” (which here means on-site observations) included
issues, such as curriculum, pedagogical, teaching, technical, and any other problems or adaptations
necessary. In this phase a survey was conducted (see Section 4.2). “Observation 2” followed up with
an analysis of the students’ ideas. In “Observation 3”, the team measured Pocket Code’s usability and
the intention to use through a second survey. In addition, the engagement and attainment level was
observed (during on-site observations and teacher notes). During the “Test and Evaluate” phase, the
completed games were tested and evaluated and the outcomes assessed against learning objectives (see
Section 4.4.3). The “Evaluation” phase showed if the process met the learning objectives as set by the
teachers. In addition, one month after using Pocket Code during school a final survey was conducted.
Moreover, during the Feasibility Study, the Alice Game Jam event was performed. Results of this
event are part of Section 4.3.2.1. Furthermore, frameworks, tutorials, and resources were reviewed
and adopted.

When integrating a gaming approach into school contexts, there are a few challenges to con-
sider (Jaime and Ruby, 2011). The following challenges were identified when introducing the game-
based approach into the school context during the Feasibility Study, (see Section 2.1.4.2).

Stick to the curriculum: One important task was to identify how a particular game can fit into
components of the statutory curriculum as well as the accuracy and appropriateness of the content
within the game. The difficulty was in assessing any learning gains delivered as a result of the game-
making process.

Time and curriculum constraints: Another key factor was the limited time available for teachers
and students to familiarize themselves with the game environment. To ease the time pressure during
the school year, the team conducted several teacher meetings and trainings during the school year.

Technical constraints: The technical infrastructure of the school facilities and the availability of
school hardware is essential. In order to ensure that all students have smartphones or tablets to work
with, we have distributed a hardware questionnaire to gather information on what kind of smartphones
are currently in use, and to discover how many devices are needed. All partner schools got 30 tablets
per school for the project period.

Assessment of the outcome: It was important to ensure that the technology used actually improves
teaching and learning outcomes and to provide students with appropriate feedback. The assessment is
part of the evaluation chapter.

3.3.3.3. First Cycle (FC) (Jan.-Aug. 2016), and Second Cycle (SC) (Sep. 2016-Jun. 2017).

During the First Cycle, the NOLB partners evaluated preliminary results and continued working with
Pocket Code. Furthermore, the team started preparing to adopt Pocket Code to the new version called
Create@School and planned new infrastructural services, e.g., a teacher dashboard, in-game analytics,
and the generation of statistic information. The key elements of the new version are presented in
Section 3.4.2.

During the Second Cycle, the team conducted further coding activities with Create@School app,
and used its new features. During this time, the app was repeatedly reviewed through interviews, sur-
veys, data tracking, focus group discussions and programs submitted by students (see Section 4.3). In
addition, in Austria, background material and information about female teenagers has been gathered,
both from the literature as well as through interviews and focus group discussions with teenage girls.
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In addition, at the end of 2016 the Galaxy Game Jam event took place. Results of this event are part
of section 4.5.2.

3.4. NOLB: Developed Frameworks, Resources, and Tools

Within the NOLB project, it had been examined how to attract, motivate, and engage students with
content from academic curricula (Smith et al., 2016). At the same time, it was ascertained how to
support their learning processes to provide an effective learning experience first with Pocket Code and
subsequently (during the Second Cycle) with the new tool, Create@School. Therefore, the NOLB
team has developed different resources, frameworks, and tools, which interlink the use of Pocket
Code within a games environment into the classroom through the development of games within dif-
ferent subject disciplines. Frameworks and resources compromised, e.g., the NOLB lesson plan, an
interactive training guide, or the Game-Making Teaching Framework. The development of the peda-
gogical frameworks was mainly done by the UK-based team; however, they had to be applied in every
pilot country. To explain the whole creation and evaluation of all of those tools would be beyond the
scope of this thesis. Outcomes are part of the NOLB Delivery 5.3-5.5 (Hughes-Roberts et al., 2017;
Spieler and Mashkina, 2017; Gaeta and Cea, 2017) submitted at the end of the project. However, a
brief introduction of the NOLB concepts is given below. During the preparation phase of the project,
one additional framework was added to the teacher’s guide: The concept of game jams. Game jams
were mainly developed and included in Austria. Thus, the main work was done by the TU Graz team
and will be described in more detail within this chapter. The author of this thesis had the main lead
on the development of Create@School app. The different parts of the app are described at the end of
this section (see Section 3.4.2).

The NOLB teachers’ guide has been structured in three steps: Plan, Teach, and Improve, inspired
in the ’plan, do, check (or study), act’ methodology (also known as Deming Circle (The Deming
Institute, 2018)). Thus, the team ensured that games’ mechanics and dynamics, and the academic
content could be transferred in a ’fun’ but pedagogic manner through a continuous improvement of the
teaching processes. In addition, the NOLB team has used the Universal Design for Learning (UDL)
principles to link it with the what, how and why of education, (see Section 2.1.3) and constructed its
courses in reference to the constructionist approach. The PDCA and the UDL created the basis for
the three pillars of the developed NOLB Game-Making Teaching Framework (GMTF), which is part
of the next section.

3.4.1. Game-Making Teaching Framework (GMTF).

The NOLB GMTF framework provides a coherent approach to learning and teaching by integrating
leisure-oriented gaming methods into multi-discipline curricula. One part of this framework is the
integration of game-based methods via game templates that refer to didactical scenarios that include
a refined set of genres, assets, rules, challenges, and strategies (see Section 3.4.2.2). This allows the
transference of the components of games to the educational domain. The GMTF is part of the NOLB
Delivery 3.2 (Martinovs et al., 2017) and part of the paper (Spieler et al., 2017).

The parts of the GMTF are a collection of day-to-day and core practices, gathered by the UK team
from interviews and focus groups performed with teachers at the pilot schools. The framework is
illustrated in Figure 3.18.

97



Chapter 3. Catrobat and the No One Left Behind (NOLB) Project

Figure 3.18.: Components of the GMTF in NOLB (Smith et al., 2016).

The curriculum adaptation and planning, as well as the visualization of the teaching and learn-
ing processes, helped to create the illustrative scenarios and to integrate game-based strategies. The
assessment and feedback process is supported by the developed PMD, which includes the analytic
dashboard. By merging the what and the how of learning, the result will be the following: a) clear ob-
jectives for each class and subject, and b) standardized game-based methods, including game mechan-
ics and dynamics. For example, it was necessary that the developed game templates were applicable
to several subjects and classroom levels (see Section 2.1.1), and universally recognized as “games”
by students who are familiar with best practice game examples (see Section 2.2.1.1), in order to link
game mechanics and game dynamics with academic content. As the games are taught through dif-
ferent subject areas, the learning objectives are also included in the lesson plans. An example of a
lesson plan is presented in Appendix B. Beside the pre-defined templates another output of the GMTF
was the Pocket Code training guide which is intended to show how to create a sequence of games and
to show teachers the basic systems to navigate through the app. The guidelines explain some of the
application’s features, including several ways of creating an object or sound, making it interactive.
The training guide includes a range of video clips, which is part of the education website74.

For NOLB, the UDL principles were linked to the GMTF, so that it responds to the basic ques-
tions of learning: what is being taught, how the information is shared, and why the information is
engaging the learners. Based on these three UDL pillars, the GMTF refers to: curriculum adaptation
and planning process, the teaching-learning process, and the assessment and feedback process (see
Figure 3.19).

74NOLB teacher space: https://edu.catrob.at/no1leftbehind-for-teachers

98



3.4. NOLB: Developed Frameworks, Resources, and Tools

Figure 3.19.: Link UDL principles to the NOLB GMTF (Spieler et al., 2017).

In practical terms, this framework offers a multidisciplinary approach to:

• Creation and planning of game-based subject-relevant scenarios for templates (what they learn)
e.g., physics, fine arts, music, etc.

• Review and integration of elements of game mechanics and dynamics into the teaching and
learning process (how they learn)

• Assessment of relevant teaching and learning experiences (why they learn) and feedback

Figure 3.20.: New tutorial cards summer 2016.

As part of the GMTF, during NOLB several guides and templates have been developed, regularly
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updated, and maintained, which resulted in a number of 20 tutorial cards75 (see Figure 3.20).

For the project, these tutorial cards could be downloaded as a PDF file and they are available in
two languages, German and English. In addition, the Catrobat Mediawiki76 was introduced and has
been made accessible through the app: short press on a brick opens a menu with a help option which
redirects the user to a Mediawiki. At this page, the user can find a description for bricks and short
videos (the Mediawiki is at the time of writing available in German, Spanish, and English, but it is
planned to open it up to allow editing by our users).

Finally, during the Second Cycle, dedicated space for NOLB tutorials was integrated in the educa-
tion platform77. This pages offers a personalized space with information for students, teachers, and
for parents (see Figure 3.21). A more detailed description is part of Delivery 4.2 (Spieler et al., 2017).
Teachers, students, and parents can find tutorials, lessons plans, and a FAQ-section here.

Figure 3.21.: NOLB on the educational platform.

3.4.1.1. Pocket Code game jams as a research method in NOLB.

The project has engendered the concept of game jams in school contexts. Game jam events have been
organized with the aim of designing and creating small games in a short time-frame around a central
theme, thus supporting engagement in informal learning situations beyond schools across a range of
disciplines. The aim was to facilitate an exciting experience associated with strong, positive emotions,
which should significantly support the achievement of learning goals. The goals for game jams during
NOLB were to explore the use of that concepts as an integral element to the project. Therefore, the
following sub-goals have been defined:

• explore game jams as a research method and to identify the advantages of this method;

• identify problems, such as difficulties in generalizing results and missing functionality in Pocket
Code;

• introduce students to competitive approaches to increase motivation;

• evaluate participation and acknowledgement of participation as a reward mechanism;

• inspire meaningful learning by providing a unique interpretation and direction of academic
content through personal game rules and selected game genre;

75Pocket Cards: https://edu.catrob.at/pocket-cards
76Brick documentation: https://wiki.catrob.at/index.php?title=BrickDocumentation
77No One Left Behind space: https://edu.catrob.at/no1leftbehind
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• and create opportunities for official online game jams with Pocket Code.

To encourage schools to take part in the game jams, the project team organized online game jams
through the Pocket Code community sharing platform. Via a community website, tutorials, media
assets, and the game submission process was managed. The following information was provided:

• a general topic of the game jam event (announced ahead of the event);

• a surprising topic (announced shortly before the event to allow equal condition for all partici-
pants);

• diversifiers to increase engagement and spark creativity in the development process;

• landing pages with additional information, e.g., topic related support material (graphics, posters,
and tutorials), and FAQ, etc.;

• project submission and a final questionnaire (integrated in the community website);

• and an overview of all submitted programs and a “Wall of Fame”.

Additional aspects included:

• working in small groups (two to three students);

• integrating the “Shape of a Game" ceremony to encourage learners to use good design princi-
ples;

• creating awareness of license issues and attribution;

• and requesting to integrate an academic theme or objective in the game.

The framework for Pocket Code game jams is part of Delivery 4.2 (Spieler et al., 2017) (see Fig-
ure 3.22).

Figure 3.22.: NOLB game jam framework (Spieler et al., 2017).

The notion of game jams provides a paradigm for creating both formal and informal learning expe-
riences, such as directed learning experience, problem-solving, hands-on projects, working collabora-
tively, and creative invention, within a learner-centered learning environment where children are cre-
ators of their own knowledge and learning material. For both performed game jams, the themes were
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chosen to reflect topics situated around subject disciplines where factors such as learning achievement,
engagement, and persistence, as well as the development of computing and computational thinking
skills, are important (Goddard et al., 2014). In each game jam, schools involved were encouraged to
present the game jam event to students. The results of the two performed game jam events during
NOLB are presented in the evaluation chapter (see Section 4.5).

3.4.2. New generation of Pocket Code.

The main results of the NOLB project included:

1. Create@School app, for the students’ usage, and

2. Project Management Dashboard (PMD), for the teachers’ usage.

New infrastructural services were developed, e.g., data tracking of certain events or certain times
during game creation. These data was analyzed to create statistical information and visuals of stu-
dents’ behavioral parameters. Another important feature was the integration of different pre-coded
game design templates and new features. Finally, the app also supports a set of accessibility fea-
tures, which optimize the coding experience for students with special needs. The whole framework
of Create@School is illustrated in Figure 3.23. All components of the new generation of the app are
part of NOLB Delivery 4.2 (Spieler et al., 2017).

Figure 3.23.: NOLB framework for the new generation of Pocket Code (Collazos et al., 2017).

In this section, first, the components of the flavored version Create@School are explained. To
limit the scope of this thesis, only the concept of the tools developed and evaluated at TU Graz are
discussed in more detail, like the Create@School app as a whole, the data tracking, and the templates.
Although the author was very integrated in the conceptualization and development of other parts, e.g.,
the accessibility preferences (developed as a whole at TU Graz), and the PMD (development of the
interface to the community sharing platform), they are only described very briefly because they are
not aligned with the aim of this thesis.
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3.4.2.1. Create@School app.

The first version of Create@School was released on 17th of October 2016 as an open beta version
on Google Play. The following Figures 3.25, 3.26, and 3.27 from Google Play provide a progress
overview since the release.

Figure 3.24.: Create@School-installs per user: The number of unique users who installed the app on
one or more of their devices for the first time in the selected time range.

Figure 3.25.: Create@School: installs per country (Spain, Austria).

Figure 3.26.: Create@School: total installs per user.
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Figure 3.27.: Create@School-installs per device: The number of devices that have been active and on
which the application is installed.

For the Second Cycle of the project, the first prototype of the Create@School app was introduced
in the schools of the piloting countries (UK, Spain, and Austria). The app was improved and released
seven times during the Second Cycle. With every iteration, Create@School got closer to a market
ready application by including more translations, refactoring, templates, features and tracked events.
Open beta testing (Google, 2018) allows researchers to run a test with a large group of users and to
surface the app’s beta version on the Play Store. When running an open beta test, anyone can join the
beta program with a URL link and feedback can be submitted privately. Since Summer 2017 open
beta apks are visible for all users within the Google Play Store but highlighted as beta. The (at this
time private) URL link was shared with our teachers via email. Each tester needed to opt-in using the
link to be part of the beta test (see Figure 3.28).

Figure 3.28.: Notification to become a tester for Create@School.

A login in order to use the app is required to bind the tracked data to one username. The NOLB
team created 600 accounts per school with the following sequence of the username.
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• nagif0001: n = NOLB, a = Austria, gi = school code, f/m for female and male and a sequential
number

In addition, three teacher accounts per school have been created as well as test accounts for the
NOLB team. This sequence ensures that the data of students is anonymized. To identify students’
grade as well, every class started with a certain number, e.g., fifth grade 0001-0049, sixth grade 0050-
0099 etc. Figure 3.29 shows the beta app in the Google Play Store.

Figure 3.29.: Create@School at Google Play Store.

The objectives according to the NOLB proposal for the TU Graz team were the following:

• To customize Pocket Code towards a near market-ready version (New Generation of Pocket
Code) by connecting the technology coming from gaming leisure oriented SMEs (methodolo-
gies and analytics engine) and inclusive GPII software.
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At the beginning of the Second Cycle, all these elements were successfully integrated into the new
app Create@School (see Figure 3.30). Thus, Create@School has been promoted as a flavored and
enhanced version of Pocket Code for academic purposes to foster the needs of students, especially
students who are often excluded in coding activities (girls, immigrants, and children with special
needs). Flavoring, or the concept of multiple apk support allows for the publication of different APKs
of the same app (Google Developers, 2018). Therefore, Create@School is a completely independent
version of the application but shares the same package name and is signed with the same release key.

Figure 3.30.: Components of Create@School.

In May 2015, a list of 62 planned and forthcoming Pocket Code improvements were suggested.
76% of these features were integrated into the Create@School app and, as a result, the app was almost
Scratch compliant. This was especially important because many teachers are already using Scratch at
schools and Scratch is well-known among users all over the world (Meerbaum-Salant et al., 2010). A
list of all implemented features is part of the Delivery 4.2 (Spieler et al., 2017). Other improvements
and demanded features for the new app Create@School were the result of the usability evaluation of
Section 4.3. Regarding the integration of predefined templates, a more powerful and usable interface
for the management of large programs or a huge amount of objects has been developed. Therefore,
two important features were integrated during the first project cycle: object grouping (to make the
object view more concise and clearer), and the introduction of scenes (which eased the creation of
large programs with more levels).
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3.4.2.2. Pre-defined templates.

Create@School not only provides a newly developed game-like environment adapted to be used in
school settings, but also templates to integrate game-based methodologies such as action, adventure,
puzzle, and quiz. With this method, the team also strives to support female teenagers in the process
of creating a game. Therefore, a focus group discussion was performed to collect the ideas of female
teenagers for gamified templates that reinforce them especially (see Evaluation section). The game
design and structure for the templates follow pedagogical principles (James et al., 2013). For example,
the templates are a combination of entertainment and knowledge acquisition; they help with exploring
content and solving problems, provide feedback to player, focus on essential learning contents, and
stimulate the player to reflect on their experience, all of which are especially important for female
teenagers (see Section 2.4.2) but also a promising way to encourage students of all genders.

Under this approach, the team have integrated ludic-oriented game mechanics which have been em-
bedded through game templates, as well as rewards or victory points approaches. The templates en-
able game dynamics by editing an existing game design but allowing personalization of backgrounds,
landscapes, characters, and the creation of new challenging levels at the same time, as well as chang-
ing the difficulty of a game (see important game elements in Section 2.2.1.1). The NOLB templates
have been created by adapting game-modules, which are part of Delivery 2.1 (Boulton et al., 2016)
(see Figure 3.31). These templates allow: 1) teachers to start with a well-structured program, and 2)
students to add content and adjust the code to integrate their own ideas.

Figure 3.31.: Game oriented modules (Boulton et al., 2016).

The game-modules were developed based on different types of games (game genres; see Sec-
tion 2.2.1.1). In the First Cycle, as planned, four game-modules were developed. For the Second
Cycle nine more game-modules were developed (five since February 2017 and the last four since May
2017), based on sub-genres. The first four templates were directly stored in the app. To ensure a
continuous extension, exchange, and improvement of the templates, and to avoid the app getting too
big, we outsourced them in February 2017. They are now available for download directly in the app.

For integration of the templates into Create@School, a new option “Templates” has been added to
the Create School’s main menu to access the templates list (see Figure 3.32; the screenshots also show
the scenes and grouping feature — two last pictures). The developed templates have been described in
Delivery 3.2 (Martinovs et al., 2017), Delivery 2.4 (Martinovs and Barrett, 2016), Delivery 4.2 (Spieler
et al., 2017), and in the paper (Spieler et al., 2017).
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Figure 3.32.: Game templates in Create@School that supports scenes and grouping of objects.

All templates have important elements in common. They:

• are all based on the “Shape of a Game” (see Section 2.2.1.1), thus they start with a game
screen (in different colors), followed by an instruction screen and end with end screen (see
Figure 3.33);

Figure 3.33.: The “Shape of a Game" ceremony.

• contain an example level that fits to one theme/subject to show the user the gameplay, e.g.
biology, music or physics;

• have a template level integrated that should be modified by the user;

• were available mostly in landscape and portrait mode;

• were translated in the languages of the participating countries;

• allow users to choose their own graphics and modify the “Shape of a game” — screens and play
around with the different game elements;
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• use different HUD (Poitschke et al., 2008) elements like points or a timer to reward users’
actions;

• have at least two levels integrated which display different milestones that a player must achieve
and hence provide a new challenge for them;

• have a logical structure;

• and are divided into different scenes and object groups.

Template tutorials for teachers and students were created (see the project’s education platform).
These guides represent a step-by-step tutorial and show how to use each template. They should help
teachers to guide their students through the practice of game development while learning about aca-
demic subject content at the same time. The teacher then can decide which of the templates fits best
to his or her subject and the learning goal within the curriculum.

The aim of the pre-coded game design templates was to support students during the game design
process and help them to stick to good design principles. With this support, students’ game design
processes can be scaffolded, which allows them to focus on the game development itself. In addition,
the templates allow learners to focus on subject-relevant problem solving activities rather than on
understanding the functionality of the app. This leads directly to more time to express their creativity
on different levels and more time for extra tasks. By using the game design elements, they can build
new games and remix existing ones. First, the Tables 3.5, 3.6 and 3.7 provide a collection of all
13 pre-coded templates and second, Figure 3.34 shows a screenshot of every template. Three of the
tempaltes are designed for a specific subject (template number 8, 9, and 10); the rest are designed to
be applicable to various subjects.
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Table 3.5.: Overview of the developed game templates 1 — 6. LG: learning goal. * beginner **
advanced *** expert.

1.*

Genre/theme: action/realistic
MDA: points, challenge, reward, achievements
Tutorial level: physics, properties of physical objects
Gameplay: Tap on the correct answer (1, 2, or 3).
To do: Provide questions/answers with text and images and add content per question.
Adjust the template to the number of questions asked.
LG: Add questions/answers/content to a specific topic, e.g., physics.

2.*

Genre/theme: action/realistic
MDA: points, challenges, leaderboards, reward, achievements, competition, points
Tutorial level: respiration, learn about de-/oxygenated blood cells
Gameplay: Tap on correct objects avoid wrong ones (depending on the question).
To do: Define an overal question. Add correct/wrong objects and adjust the variable “timer”.
LG: Adjust the logic and add wrong/correct objects, e.g., blood cells/virus cells.

3.*

Genre/theme: puzzle/realistic
MDA: points, challenges, reward, achievements
Tutorial level: music, instrument groups
Gameplay: Tap on the curtains to open them and to show the three available options.
Tap on the one that does not fit with the others (“odd one out”). After 3 seconds the curtains
close again and the score decreases.
To do: Add looks and adjust the code (amount of puzzles), timer.
LG: Logic challenge. Adjust the logic and add wrong/correct images, e.g.,
instrumental groups.

4. *

Genre/theme: text adventure/space
MDA: levels, status, narrative, discovery
Tutorial level: science, space
Gameplay: Storytelling with linear choices. Listen to a question and decide "Yes" or "No".
One question will always lead to the end of the game.
To do: Add content and sound files to a specific topic and adjust the variable to define
correct answers.
LG: Add new scenes/animations e.g., for retelling a book or leading through a topic.

5.**

Genre/theme: action platformer/sky
MDA: points, level, challenges, reward, status, achievements, sensation
Tutorial level: physics, periodic system (halogens)
Gameplay: Button-up scroller/doodle jump. Jump on the platforms to get points
by catching the correct objects. Avoid wrong objects.
To do: Define wrong/correct objects.
Extra task: Add a level up.
LG: Add looks and logic to emorize objects, e.g., halogens and non-halogens.

6.*

Genre/theme: action shooter/space
MDA: levels, points, challenges, reward, status, achievements, fantasy
Tutorial level: maths, division rules
Gameplay: Shoot asteroids with the correct numbers/symbols.
To do: Add looks with correct and wrong numbers/symbols and adjust the variable “timer”.
LG: Add looks and logic to a specific topic, e.g., maths: devision of numbers.
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Table 3.6.: Overview of the developed game templates 7 — 11. LG: learning goal. * beginner **
advanced *** expert.

7.
*

Genre/theme: text adventure (interactive book)/realistic
levels, self-expression, status, narrative, expression
Tutorial level: science/water cycle
Gameplay: An easy version of an interactive book by switching between scenes.
To do: Add animations and descriptions. Create your own story
LG: Add texts and graphics/animations. Add more scenes and retell a story/topic,
e.g., the water cycle

8.
**

Genre/theme: simulation/realistic
MDA: levels, challenges, status, achievements, discovery
Fixed subject: computer science/robotic
Gameplay: Use the Lego NXT/EV3 extension and solve three levels.
To do: Create a gamepad to control the robot, use the inclination sensors to control
the robot. Create a maze by using the infrared sensor of the robot.
LG: Add sensor values, and use coordinates to control a Lego NXT/EV3 robot.

9.
**

Genre/theme: simulation/space
MDA: levels, challenges, status, achievements, discovery
Fixed subject: physics, Newton’s laws of motion
Gameplay: Perform physical experiments with Newton’s 2nd law of motion
and experiments with the formula.
To do: Change the variable “force” by tapping a rocket. Calculate the acceleration.
Add an own object and change its mass and acceleration.
Extra task: Newton’s 3rd law of motion
LG: Repetition Newton’s 2nd and 3rd law and physical properties.

10.
***

Genre/theme: sumulation/comic
MDA: points, levels, challenges, reward, status, achievements, gifting, altruism,
narrative
Fixed subject: life after school/work skills
Gameplay: Help the character to get ready for work and to serve the correct
order and keep the customers happy (2 independent levels).
To do: Level 1-Change the sequence of the actions according to your own morning routine.
level 2-Change the workplace, e.g., different items to order (change items, speech bubble
and sound effects).
LG: Add logic/looks and to be able to follow/change sequences or to
identify equipment needed to. Complete a range of jobs

11.
***

Genre/theme: strategy/realistic
MDA: points, levels, challenges, reward, status, achievements, sensation,
submission
Tutorial level: history/important historical persons
Gameplay: Multiplayer (on one device). Strategy decisions via a simple mile
template and chronical orders.
To do: Add logic for a mile for a 6x6 gameboard. Add coins with symbols related to the topic.
LG: Define items and set them in a chronical order, e.g.,
important historical persons
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Table 3.7.: Overview of the developed game templates 12 — 13. LG: learning goal. * beginner **
advanced *** expert.

12.
*

Genre/theme: racing/comic
MDA: points, levels, challenge, reward, status, achievement, sensation
Tutorial level: science/pollution
Gameplay: Move the car by tilting the phone. Collect items to get points/level up.
Avoid the other cars to keep playing.
To do: Add objects to increase the difficulty of the game and add more levels.
LG: Add looks and logic of specific topic, e.g., pollution.

13.
***

Genre/theme: adventure RPG/nature
MDA: points, levels, challenge, reward, status, achievement, sensation
Tutorial level: fine arts/color circle
Gameplay: Create your own character and choose between different players. Choose
a project and collect items you need. Collected items are part of your inventory.
You can drop them again. Finalize the project by mixing together the different parts.
To do: Add your own project and items to collect and later to merge, mix,
or build parts
LG: Add looks and logic to collect and merge/mix/build parts.,
e.g., draw a painting by mixing colors.

Figure 3.34.: Templates screenshots 1-13.

In Austria, two templates (physical simulation and adventure RPG) were evaluated (see Section 4.3.5).
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3.4.2.3. Accessibility preferences.

The goal of integrating GPII into Create@School was to make the IDE more usable for various user
groups. Software programs, mobile apps, and websites have a default user interface tries to cater
to many people, but that is often unsuitable for people with special needs. Many such programs
are adaptable, but on-site observations have shown that most people never adapt the settings of the
software they use. This may be because they are afraid of breaking something, or because it is too
difficult. Another reason is that devices at schools are not used every lesson by the same student.
Thus, from a functional perspective, Create@School allows the personalization of the game-playing
platform through profiles, as students can choose a preferred profile in Create@School whenever they
want. The chosen profile only influences the Pocket Code app and not the general device settings.
Features integrated to adapt the UI for users with special needs compromise: Choose Font Face, Larger
Text, High Contrast, Additional Icons, Large Icons, Icon Contrast, Large Element Spacing, Starter
Bricks, Drag’n’Drop Delay, and Hints and Tips. The profile-changing option has been embedded
within the Create@School menu, and made profiles selectable under “a name” (to make them more
distinctive and attractive for the user). The profiles have the names of gods to make profiles unique,
attractive, and to avoid discrimination. Each profile is linked to a special needs usage. Therefore,
Argus is a profile for visual (color) impairment, Odin for general visual impairment, Fenrir for motoric
impairments, and Tiro for a beginner mode. The first prototype of this feature was released as part
of the Create@School app for the Second Cycle. Figure 3.35 illustrates the possible changes of
preferences in the Create@School UI. The accessibility preferences are part of Delivery 4.2 (Spieler
et al., 2017).

Figure 3.35.: Accessibility settings and predefined profiles.

For novice users, three more features have been implemented. First, the display of hints, second,
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help options for bricks (linked to the Mediawiki), and an intro for the formula editor (as a result of
Section 4.2.3). In Austria, students were not explicitly encouraged to use these options.

3.4.2.4. Tracking of analytics data.

To help teachers in the assessment and feedback process of students’ projects — or the why of learning
(see UDL) — analytics data was tracked to provide visualizations. As a result, the “NOLB Behaviour
Measurements” were generated (see Delivery 3.3 (Collazos et al., 2016) and Delivery 4.3 (Collazos
et al., 2017)).

First, different types of events were tracked by integrating an SDK into the source code of Create
@School which performs the actions of “writing” or “registering” whatever actions the user performs
while using Create@School. Tracked actions included creating a new program, adding a brick, time
spent with programming, or the use of game templates. All these events are sent via JSON and
stored in a database. For this the app used the commercial BDSClientSDK (Big Data Services Client
software development kit), which is a very simple to use and lightweight library without external
dependencies that allows developers to send different types of events related with their applications to
the Big Data Services (BDS) platform. In that way, it is possible to explore information about users,
their sessions, and their actions. This SDK was provided by the Spanish NOLB partner ZED and
integrated as a whole by TU Graz. Therefore, the events and parameters were added to the source
code (e.g., event name: “createProgram” with the parameters program name, landscape-true/false,
example program-true/false, etc.) to send it to the BDS. The SDK allows the definition three kinds of
events: “custom”, “init”, and “end” events. Mostly custom events were used because they allow to
add details, e.g., brick name, or brick category. The “init” event is defined to start a session (user logs
in) and the “end” event for closing the session (user logs out). Altogether, approximately 90 events
were integrated from TU Graz into the source code. Second, for defining the behavioral dimensions
linked to the learning process, a bottom-up approach has been used. This process started from the
lowest level of coding, where all coding bricks and performed events from the Create@School app
were listed. Tracked events were comprised in the categories “event creation” for add or edit events,
“event deletion” for deletion events, “coding skills” that differs between basic and advanced bricks or
functionalities, “look and feel customization” for customization of assets, use of personal resources,
and enabling of accessibility settings, “time management” for the tracking of different times during
coding (e.g., time spent with playing/test, with research, etc.), and “support” for using help options like
hints. The results of these behavioral measurements are part of the next chapter (see Section 4.3.2).

3.4.2.5. Project Management Dashboard (PMD).

With the Project Management Dashboard (PMD)78, teachers are able to assess students’ programs.
Therefore, the PMD provides the general framework needed to manage students and classes for each
teacher of the NOLB project. Through the PMD, teachers can plan, assign, and manage the delivery
of game projects to support new game-based teaching approaches. Therefore, students upload their
games to the default community sharing platform. To submit the programs to the PMD, a new button
was integrated into the detail page of the sharing program with the name “Submit your project”. If the
student clicks on this button, he/she must enter a unique id(provided by the teacher) which links the
submitted program to the corresponding project/student in the PMD which allows assessment by the

78NOLB PMD: https://www.pmdnolb.cloud/index.php
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teacher. Figure 3.36 holds an overview of the PMDs interface. The description of all components of
the PMD is part of Delivery 4.2 (Spieler et al., 2017) and Delivery 4.3 (Collazos et al., 2017).

Figure 3.36.: PMD interface (Spieler et al., 2017).

Another primary role for the PMD was to allow quantitative and qualitative evaluation of students
regarding their completion of projects and achievements of objectives. The information observed by
teachers captures the perception of them regarding the academic readiness, achievement of learning
goals, and students’ abilities or social behaviors. To link these parameters to the learning process,
again a bottom-up approach is used. Different types of behaviors that affect the learning process
have been gathered during the First Cycle of the project and a set of behavioral constructs has been
selected and customized by the UK team at NTU. As a result, seven observational parameters have
been defined: matching of the academic and gaming objectives, game originality, functionality of the
game, presentation of the work, collaboration, and amount of teacher interventions. Teachers defined
these parameters for each student (see Figure 3.37).
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Figure 3.37.: Projects evaluation: provides an efficient way to test programs (web-player on the shar-
ing platform) and to evaluate the student’s work. Example from Spain.

3.4.2.6. Analytic dashboard: visualization of cognitive and behavioral measurements.

The Analytic Dashboards link observational data coming from the PMD, with the automatically gath-
ered data tracked with the SDK and stored in the BDS. Thus, it links the top-down and bottom-up
approach described in the previous section. All data was stored in a data lake, which allows different
kinds of analyses based on pre-defined behavioral constructs. The overall architecture of the Analytics
Engine is presented in Figure 3.38.
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Figure 3.38.: Analytics Engine: architecture (Collazos et al., 2017).

All constructs (data from Create@School and the PMD) were categorized in four types: didac-
tical/cognitive, socio-behavioral, self-regulatory, and engagement. Each construct has been defined
through a set of factors (categories) that build or link to a set of behaviors that support learning. The
following table 4.4 shows the schema of the constructs and its related behavioral factors (defined by
the UK based team). Some of them, like confidence, creativity, interest, and self-efficacy are highly
relevant socio behavioral factors for female teenagers (see Section 2.4.2).

Table 3.8.: The behavioral constructs and related behavioral factors (Collazos et al., 2017).
Didactical/Cognitive Socio Behavioral

• Academic Readiness
• Usage of Create@School
• Coding

• Confidence
• Creativity
•Interest

• Performance
• Positive Affect
• Self-Efficacy

Self-Regulatory Engagement
•Effort/Dedicated Time
• High-Thinking
• Persistence

•Action-Engagement
• Self-Engagement (over average in positive affect)
• Social Engagement

The following Figure 3.39 presents the behavioral oriented matrix example. Each one of the pa-
rameter from Table 4.4 is the result of the underlying behavioral factors.
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Figure 3.39.: Create@School behavioral matrix (Collazos et al., 2017).

All these data undergo a “transformation” process, following a standardized methodology (gaus-
sian/normalization methodology (Roell, 2017)) for dynamically customizing the developed dash-
boards. These dashboards can then be navigated using several dimensions, like students (either in-
dividually or as part of the class), and the actions they have performed while using Create@School.
A one to four scale was used to reflect the performance of each student in each sub-category and
category (1: entry level, 2: developing, 3: secure, 4: mastery). Two types of visualization dashboards
have been provided: online (big data software -Tableau79 — supported) and offline (excel sheets).
Both dashboards could dynamically update the different behavioral constructs or categories when se-
lecting different variables, such as teacher, the class or a student. These dashboards are part of the
results chapter (see Section 4.3.2) and part of the Delivery 4.3 (Collazos et al., 2017). However, con-
sidering and discussing these factors in more detail is beyond the scope of this thesis. Missing details
will be added where they are needed within Chapter 5 by presenting the results of the behavioral
measurements from the Austrian pilots.

3.5. NOLB: The Austrian Pilot Plan

The Austrian team developed different services and tools (see previous chapter) but also conducted
classroom courses at the pilot schools. At the beginning of NOLB, the Austrian team consisted of two

79Tableau ZED: https://tableau.zed.com
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women and two men. During the whole period many students (developers, educators, or designers)
helped with NOLB-related issues and the team changed constantly in its constellations but was mostly
gender equal. This section explains the setting of the courses in Austria, the approaches used in the
classroom, and the different projects performed with Pocket Code and Create@School. Finally, a
summary will be provided that shows all actions that have been completed in order to reinforce female
teenagers in schools.

3.5.1. Setting of the NOLB coding courses.

For NOLB, the coding classes had all a constructionist base in common (see Section 2.1.3.1). Thus,
students were actively involved in the process of constructing a game, they took charge of their own
learning, and found solutions by using the tutorial cards, asking their peers, or just trying out alter-
natives and learning from their mistakes. Therefore, students learned to be patient, felt ownership
of their achievements, and truly understood many of the basic programming steps. For the purpose
of designing and creating artworks for backgrounds and objects, students were provided extra time
during additional arts lessons (which seemed to be important for girls, see next section). The setup
of the school units was very similar through all countries. In Austria, one unit had a duration of
50 minutes and the coding courses were conducted mostly in double units. First, an instruction unit
was provided to introduce the project, the team and the app itself, with example games and an expla-
nation/demonstration of the UI. Instruction units were followed by two or four double session units
where students worked on their specific project (the main learning) and where students programed
their own games or made extensions to existing games (templates). In many cases, students started
with drawing a storyboard to have a clear image of their game and to identify the needed game el-
ements, characters and programming concepts (see Section 2.2.1.1). In the last unit, students could
present their games in front of their peers (in plenary), followed by a discussion round. Depending
on the available units, the age of students, and their previous programming experience, three different
learning approaches were used; these approaches have been already presented in the paper (Petri et al.,
2016).

Approach 1 (A1)/Providing a Framework/Template: Students of lower grades (Grade 6 and 7, and
classes with less than four units) got a framework (FS/FC) or a pre-coded template (SC) in which
specific parts in the code were missing (indicated by a note brick), e.g., collision detection or using
inclination sensors, see Figur 3.40. Within small groups, the team developed this missing functionality
together with them to guarantee a student-centered classroom, where students’ learning and discovery
was in their own hands.
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Figure 3.40.: Approach 1 (A1)/Providing a framework/template: Specific parts in the code are missing
indicated by a “Note”- brick.

Figure 3.41.: Approach 2 (A2)/Learning-by-
doing: guided by the team and
tutorial cards.

Approach 2 (A2)/Learning-by-doing: Students
from higher grades (up to Grade 9) with at least six
units got a short introduction unit including a short
hands-on sessions guided by the team and by us-
ing tutorial cards. In these sessions, one student at
one time was asked to come to the front of the class
and tried to add one small but meaningful new fea-
ture/functionality to the game (e.g., let the object ap-
pear randomly on the stage, see Figure 3.41). If the
student had problems with this task, the rest of the
class could help him or her out. At the end, the whole
class programmed a whole game collaboratively by
learning the main functionalities of the app.

Approach 3 (A3)/Hands-on: In some classes stu-
dents used a more learning-by-doing approach. In these classes, the bricks were printed out on paper
and used to form scripts (i.e. physical flashcards). Thus, students were trying to predict the outcome
of their games beforehand (before they actually had used Pocket Code on a mobile device). They
could freely choose what kind of games they wanted to program and got only minimal guidance. An
example of bricks on paper can be seen in Figure 3.42.
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Figure 3.42.: Approach 3/Hands-on: bricks on paper (flashcards).

The NOLB team attended all units to make notes about observed problems, gender relevant differ-
ences, bugs or difficulties of the app itself. Pre- and post-questionnaires, observations, documenta-
tions, video, and picture material was collected during all units.

3.5.2. Performed NOLB coding courses.

Altogether, 22 coding courses were conducted in Austria during NOLB, and the apps were integrated
in the curricula of English, computer science, physics, fine arts, and music. A description of the
courses was part of the author’s paper (Spieler et al., 2017). Teachers who had introduced this gam-
ified approach during the Feasibility Study (FS) and the First Cycle (FC) used the app Pocket Code.
Teachers who had classes during the Second Cycle (SC) used the app Create@School. During FS,
eleven courses were performed; during the FC, two courses; and during the SC, nine courses. Teach-
ers could decide whether students should: work in small groups (SG) on a joint program where every
student would then create one game level which at the end would be merged into one big game; do
pair work (PW), where two students would work on the same program (either at one or at two tablets);
or work individually (I). In addition, students were able to ask the NOLB team for assistance during
their lessons, e.g., questions specific to Pocket Code. The courses per pilot school are visualized
in Tables 4.5, 4.6, and 4.7. In addition, at pilot school 3 Teacher 11 provided again during the SC,
accounts for the students of course 20 (voluntary course). A1-A3 refer to the used approach, see
previous section.
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Table 3.9.: Courses at pilot school 1: GIBS. LG: learning goal.
Courses during the Feasibility Study (FS)

Course
no. 1,2

Used approach/learning scenario: A2/SG
Teacher no.:1, 2, 3, 4 — 47 students (two classes, f: 32, m: 17), Grade 9, 6 units
Subject/topic: English and computer science/book retelling
LG: To program an interactive quiz game in computing to a book read
in English class.

Course
no. 3

Used approach/learning scenario: A3/I
Teacher no.: 4 — 24 students (f: 13, m: 11), Grade 9, 10 units
Subject/topic: computer science/game design
LG: Create a simple game (start, instruction, game, and end screen).

Course
no. 4

Used approach/learning scenario: A1/PW
Teacher no.: 5 — 16 students (f: 17, m: 9), Grade 7, 8 units
Subject/topic: physics/density of objects and liquids
LG: Create a game where objects glide according to their physical
properties (density) and applying the formula.

Course
no. 5

Used approach/learning scenario: A3/SG
Teacher no.: 6 — 24 students (f: 16, m: 8), Grade 9, 8 units
Subject/topic: fine arts/game design
LG: Create a game and finish one level per student.

Course
no. 6

Used approach/learning scenario: A3/S
Teacher no.: 6 — 25 students (f: 12, m: 13), Grade 10, 8 units
Subject/topic: fine arts/game design
LG: Create a game and finish one level per student.

Courses during Second Cycle (SC)

Course
no. 7-9

Used approach/learning scenario: A3/SG
Teacher no.: 6 — 74 students (3 classes; f: 47, m: 28), Grade 9, 4 units
Subject/topic: fine arts/game design
LG: Use the “Shape of a Game ”, avoid/catch something, or tell a story
and add an interactive part.

Course
no. 10

Used approach/learning scenario: A1/I
Teacher no.: 5 — 25 students (f: 17, m: 8), Grade 7, 4 units
Subject/topic: physics/Newton’s 2nd law of motion
LG: Create a game where objects glide according to their physical
properties (mass, acceleration) and apply the formula.
Used template: Physical simulation

Course
no. 11

Used approach/learning scenario: A1/I
Teacher no.: 4 — 12 students (f: 6, m: 6), Grade 9, 10 units
Subject/topic: computer science/game design
LG: Create an adventure RPG game and apply it to different
subject areas e.g., biology, music, etc.
Used template: Adventure RPG

122



3.5. NOLB: The Austrian Pilot Plan

Table 3.10.: Courses of pilot school 3: Akademisches Gymnasium. LG: learning goal.
Courses during the Feasibility Study (FS)

Course
no. 12

Used approach/learning scenario: A1/PW
Teacher no.:8 — 29 students (f: 17, m: 12), Grade 6, 8 units
Subject/topic: fine arts/Alice in Wonderland
LG: Create a vocabulary game by adding missing parts within the code.

Course
no. 13

Used approach/learning scenario: A2/SG
Teacher no.: 7 — 21 students (f: 15, m: 6), Grade 9, 8 units
Subject/topic:computer science/game design
LG: Create a game that include the “Shape of a Game ”.

Courses during First Cycle (FC)

Course
no. 14

Used approach/learning scenario: A2/I
Teacher no.: 7 — 11 students (f: 6, m: 5), Grade 9, 8 units
Subject/topic: computer science/pyhsics quiz
LG: Create a physics quiz template for Grade 6 (prework for
quiz template).

Course
no. 15

Used approach/learning scenario: A1/PW and I
Teacher no.: 7 — 29 students (f: 17, m: 12), Grade 6, 8 units
Subject/topic: physics/structure of matter
LG: Add five questions to the quiz; Used template: Quiz

Courses during Second Cycle (SC)

Course
no. 16

Used approach/learning scenario: A1/PW and I
Teacher no.: 8 — 29 students (f: 17, m: 11), Grade 7, 4 units
Subject/topic: fine arts/renaissance, baroque, and romanesque
LG: Create a puzzle game with 5 levels and add your own graphics.
Used template: Puzzle

Course
no. 17

Used approach/learning scenario: A2/SG
Teacher no.: 8 — 11 students (f: 6, m: 5), Grade 11/12, 3 units
Subject/topic: computer science/game design (voluntary)
LG: Create an adventure/action game (start, game, end screen).

Course
no. 18

Used approach/learning scenario: A1/I
Teacher no.: 8 — 11 students (f: 6, m: 5), Grade 11/12, 3 units
Subject/topic: computer science/game design (voluntary)
LG: Create a quiz with 5 questions; Used template: Quiz

Course
no. 19

Used approach/learning scenario: A1/I
Teacher no.: 7 — 29 students (f: 17, m: 11), Grade 7, 3 units
Subject/topic: physics, physical experiments.
LG: Add an explanation and animation of a performed experiment.
Used template: interactive book (text adventure)
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Table 3.11.: Courses of pilot school 3: Borg Birkfeld. LG: learning goal.
Courses during the Feasibility Study (FS)

Course
no. 20

Used approach/learning scenario: A1/PW
Teacher no.: 9 — 13 students (f: 5, m: 8), Grade 9, 4 units
Subject/topic: computer science/computing quiz
LG: Use sound to record the questions and use images for the answers.

Course
no. 21

Used approach/learning scenario: A1/PW
Teacher no.: 10 — 21 students (f: 16, m: 5), Grade 9, 4 units
Subject/topic: music, muscial instrumts quiz
LG: Add sounds and catch the corresponding musical instrument.

Courses during Second Cycle (SC)

Course
no. 22

Used approach/learning scenario: A2/PW and I
Teacher no.: 11 — 19 students (f: -, m: 19), Grade 9, 4 units
Subject/topic: computer science/Galaxy (participated in the Galaxy Game Jam,
voluntary course
LG: Create an action game (start, game, and end screen) to meet the
topic galaxy

3.5.3. Gender inclusiveness in NOLB.

To address the gender bias in coding classes, the goal of the Austrian study included how to make
Pocket Code more accessible and attractive for female teenagers (Delivery 5.4 (Spieler and Mashkina,
2017)). Although teenage girls constitute a large group that play smartphone and tablet games (Melton,
2017), turning them from mere consumers to active creators of games is a challenging task. The goal
was to ensure a positive first experience in programming for girls with the education apps, which may
direct their future career choice towards STEM fields. The assumption is, that it is possible to spark
girls’ interests by getting them engaged in computational thinking (see Section 2.1.4) through collabo-
rative, creative, and engaging activities (see Section 2.4.2). By teaching the fundamental principles of
programming, the author wished to give female students the chance to decide for themselves whether
it awoke their interest. Programming should not be something intangible and mysterious, but a new
opportunity to change their lives. Thus, constructionist gaming and tools that encourage learning by
doing have common features: They enable working in teams, allow users to express their own ideas,
and provide a visual programming language that is easy to understand and to learn. Thus, Pocket
Code seemed to be a very promising tool for girls (see Section 3.2.3.2).

According to the NOLB proposal, two main goals have been set for the Austrian pilot in regard to
female students:

• The gathering of background material and information about female teenagers, both from liter-
ature as well as through interviews with teenage girls in Austria, and

• To ensure a positive first experience in programming for girls with the education app Create@School.

From the literature, the assumption for NOLB was, to attract girls by (see Section 2.4.2):

• Increasing their personal attachment to programming by improving our services with appropri-
ate example games/templates, new assets, and themed tutorials,

124



3.5. NOLB: The Austrian Pilot Plan

• Increasing their involvement by encouraging them to become active members of the Pocket
Code community by providing them a safe and interesting environment to join with featured
games from female users for female users, and

• Asking them to design their own games rather than just to code programs.

The intent was to discover how to develop Pocket Code in ways that specifically empower girls.
Additionally, the differences in the game creation process, in game elements used, and in playing
behavior have been analyzed. Aspects of self-identity and stereotyped gender categories have been
taken into consideration (see Section 2.4.1.1). This was done by conducting focus group discussions
and interviews to get more insights and successfully adapting the services to their needs (e.g., game
jams, assets, features/functionalities, etc.).

For NOLB, the team encouraged students to be creative. Therefore, Pocket Code has been in-
tegrated in many fine arts classes, or the team created interdisciplinary courses between computer
science lessons and fine arts lessons. On the one hand, students had enough time to draw their own
graphics, characters, and backgrounds. To leverage these steps, the team provided a storyboard (see
Appendix A.5). This storyboard consisted of four areas for the different stages of a game, or the “cer-
emony”. On the other hand, not all girls like to draw or they think that they are not good at drawing
at all. Thus, it was important that the Catrobat Media Library has been continuously expanded with
themed graphics (e.g., carnival or Easter, see Figure 3.43), or graphics related to themes girls men-
tioned the most often, e.g., Magic, which was one result of the focus group discussion (see results
chapter). Moreover, in one course, the team offered to have the graphics drawn by the TU Graz design
team, which was especially appreciated by the girls.

Figure 3.43.: Themed graphics in the Catrobat Media Library.

Finally, the team come up with the idea to create a Pocket Code mascot: The Pocket Panda. At
the end, our designer created a whole Pocket Code family (see Figure 3.44). They were broadly used
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by girls (and our whole target group) and in addition themed stickers were designed and circulated at
schools.

Figure 3.44.: Pocket Code family.

To summarize, this chapter first, explained the Catrobat project and its apps, and second, detailed
the most important implementation of tools, services, and materials during the period of the NOLB
project. Therefore, the app has been presented in more detail to provide an overview about the under-
lying coding concept of this app, its different screens, and parts of the app (i.e. the UI, the community
sharing platform), as well as its potential to help students in learning how to code in an academic set-
ting. Here, the option to use Pocket Code for game jams and as a tool to reinforce especially female
teenagers have been presented. To provide an overview of the NOLB project and its components, the
project as a whole, Austrian pilot schools, the participating teachers, and the setting of the project
(cycles) have been described. Subsequently, developed frameworks, tools, and services have been
explained by discussing all relevant parts of the newly developed Game Making Teaching Framework
and the flavored Create@School app for schools. Finally, the last section of the chapter presented the
courses performed in Austria, including their settings, used approaches, selected subjects, and topics,
as well as how the team has planned to reinforce female students in particular during NOLB.

The next chapter shows all significant evaluations during the NOLB project which were either
relevant for Austria, the whole consortium, or to target especially female teenagers.
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Chapter 4
Evaluation of NOLB Activities and
Create@School in Austria

In this Chapter, the NOLB results from the Austrian case study are evaluated in order to provide further
insights when answering the three research questions proposed in the next chapter’s Results. The goal
for NOLB was to analyse female students’ experiences, behaviors, and outcomes when using our tools
and services in different courses. At the end of this chapter, an overview describing the performed
game events with Pocket Code and experiences of the teachers who participated within the NOLB
project is provided as well. Their intentions of using the apps after NOLB are also assessed.

4.1. NOLB Methodology

In order to evaluate the tools (Pocket Code and Create@School), frameworks, performed courses,
students’ programs, and all other efforts made during the NOLB project, different assessments have
been conducted (see Table 4.1). The anonymity of participants was maintained at every step. For the
FS, students defined their own nicknames for themselves. For the SC, teachers were given a list of
usernames that had a special sequence (see Section 3.4.2). The teacher’s task was to distribute the
account among students in reference to their gender and to tell the NOLB team the composition of the
group in which students were working together. Assessments #1 and #2 were performed during the
FC together with “Evolaris”80, a company that bridges research and economy. All other assessments
were done by the NOLB team, either in all countries (Assessments #3 and #4), or in Austria only
(Assessments #5-#10). These results are also part of the final NOLB delivery that summarizes the
pilots per country (see Delivery 5.3 (Hughes-Roberts et al., 2017), Delivery 5.4 (Spieler and Mashkina,
2017), and Delivery 5.5 (Gaeta and Cea, 2017)). The main works of the author of this thesis were
Assessments #3, #5, and #6, as well as #7 and #8, #9 and #10. Assessments #2 and #4 were the works
of the whole NOLB team in Austria.

80Evolaris: https://www.evolaris.net
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Table 4.1.: NOLB methodolgy
Evaluation of Pocket Code

No Purpose Data
collected Method Number

of students Section

1
Technology acceptance
of Pocket Code

Quantitative and
qualitative survey

User experience
model

187 4.2.2

2
Usability of
Pocket Code

Quantitative and
qualitative survey

Descriptive
content analysis

187 4.2.3

Evaluation of CreateSchool

No Purpose Data collected Method Number
of students Section

3
Attractiveness of
Create@School

AttrakDiff survey
Hassenzahl model
assessment

350 4.3.1

4
Behavioral assessment
during coding

Tracking events in
Create@School

Behavioral
assessment analysis

52 4.3.2

5
Usability of
Create@School

Quantitative and
qualitative survey

Qualitative content
analysis

131 4.3.3

6
Insights on
interests/values
of female students

Focus group
discussions

Descriptive analysis 8 4.3.4

7
Usability of
predefined templates

Quantitative and
qualitative survey,
quiz

Descriptive analysis,
qualitative content
analysis

37 4.3.5

Evaluation of NOLB programs

No Purpose Data collected Method Number of
programs Section

8 Game design patterns
Submitted programs
(community website)

Rapid analysis
(RAM), MDA

77 4.4.2

9
Learning goal
achievement

Submitted programs
(community website)

Significant level of
learning goal
achievement

271 4.4.3

Evaluation of the Pocket Code Game Jam events

No. Purpose Data collected Method Number of
programs Section

10
Effectiveness
Alice Game Jam

Online survey
(quantitative and
qualitative data)

Descriptive
analysis

200 4.5.1

11
Effectiveness
Galaxy Game Jam

Online survey
(quantitative and
qualitative data)

Descriptive
analysis

462 4.5.2
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In addition, for most results (n>11) the significant level has been analysed and the results were
considered significant at α = 0.05 and α = .001. Data analysis was conducted using SPSS statistics81

or R Project 82. Based on the research design either a) a t-test (Zimmerman, 2014) was performed to
compare whether two groups have different independent means, b) a Mann-Whitney U test (McKnight
and Najab, 2010) to analyse whether the central trends of the two independent samples are different,
or c) a Chi2-test (Garczynski, 2014) to see if there is a significant relationship between different
categories.

The following sections provide an overview about the results of the evaluation of Pocket Code (FS),
Create@School (SC), the NOLB courses, and inspect students’ programs in more detail.

4.2. Results of the Pocket Code App (During FS)

To evaluate Pocket Code, several quantitative and qualitative surveys have been conducted during
the Feasibility Study. These surveys measured students’ intentions to use Pocket Code as well as
differences in subgroups, gender, and usability barriers related to Pocket Code. This section first
shows the results of the quantitative survey with the help of a user experience model and continues
with a usability analysis summarizing comments from the survey’s open questions. In a previous
study, this model was used for the first time with a smaller amount of students (Tarkus et al., 2016),
and the team reused and re-evaluated it with a larger number of respondents from the NOLB pilot
schools. Results of these evaluations suggest improvement for the Pocket Code app itself but also for
the style of teacher training/support, preparation of tutorials and lesson content, and the backing of
the whole course. These results affected the creation of the newly developed version of Pocket Code,
the Create@School app. The surveys were conducted during the Feasibility Study in three phases: a
pre questionnaire (T0) before starting with Pocket Code, a questionnaire directly after the last Pocket
Code unit (T1), and a post questionnaire about one month after the last Pocket Code unit (T2). In each
phase, a quantitative survey was administered in which students were asked different questions with
the purpose of evaluating

a) Intention to use and possible barriers

b) Differences in subgroups and gender

c) Usability barriers of Pocket Code

The quantitative survey was filled out on the tablets or computers; it was analyzed with the statistic
software “R” via a descriptive content analysis followed by a quantitative evaluation via Partial Least
Squares (PLS) (Sanchez, 2013).

4.2.1. Study methodology.

The following sections describe the three parts of the pre-questionnaire (T0): socio-demographic
factors, the technology affinity, and play behavior of the target group. The summarized preferences
from the target group are very similar to those discussed in Section 2.4.2.4.

81SPSS statistics: https://www.ibm.com/products/spss-statistics
82R Project: https://www.r-project.org/
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4.2.1.1. Socio-demographic evaluation.

In this survey a total of 187 students (aged 11-17) from nine different classes participated; the average
age in the lower grades was 11.87 and in the upper grades was 14.51. More girls (115) than boys (72)
participated. The first phase of the data collection (T0) was conducted from October to November
2015 by the whole sample (187). A total of 155 students participated in the second phase (T1),
which was conducted between November 2015 and January 2016. Only 75 students completed the
third phase (T2) in January 2016. The reason for this smaller quantity was that the survey had to be
filled out at least one month after the last lecture, meaning by the end of January 2016 at the latest.
Since three classes had their last lecture in the middle of January, they could not take part in the third
survey. As a result, the evaluation was designed via two different models that measured the short and
long-term experiences in reference to each student’s expectations.

4.2.1.2. Technology affinity evaluation.

Technology affinity is the ability to learn about a digital culture. It encompasses a user’s capacity to be
responsible, competent, and confident in the usage of ICT (BulïňĄn et al., 2015), which is important
when acquiring computational thinking skills. For the study, the team was especially interested in the
students’ competence with mobile devices and tablets. A majority of the students (179) owned already
a smartphone, and 102 of them used an android device. This is in accordance with the worldwide
trend (KWUS, 2016) of mobile phone usage, (see Section 2.1.4.2). Overall, a tablet was used by 81 of
the students and 137 have already used a tablet with an Android operating system. Most students use
one to ten apps during one week (163) and Pocket Code was unknown to almost all students (168).
Answers related to their programming experience in schools showed that almost all of them were
programming novices (135). Furthermore, 52 students had already gained experience in programming
at school with Scratch (31), Kodu (40), or other programs (17), e.g., C# or Visual Studio.

4.2.1.3. Play behavior evaluation.

One of the goals of this evaluation was to determine favorite game genres of the target group, their
favorite playing console, and their time spent playing. Additionally, a distinction was made between
girls’ and boys’ play behaviors. The results showed that 182 students played computer games at least
sometimes, mainly on their PC, or laptop (84), or on their mobile devices (85). The most popular game
genres among all students were action-adventure games (43), jump’n’run (41), adventure games (39),
and skill games (39). An average of one to five hours (59) was spent with playing games per week.
When comparing the frequency of gameplay between girls and boys, approximately half of the girls
played computer games sometimes (49) and 8 girls played often. The greatest differences were among
game genres. Most of the girls liked to play jump ’n’ run (26), or skill games (23). In contrast, 61
boys said that they were playing computer games often (42), or sometimes (19). The most popular
game genres among boys were sports games (29), action-adventure games (28), and skill games (28).
An overview of playing behavior is presented in Figure 4.1.
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Figure 4.1.: Playing behavior difference between girls and boys

4.2.2. Technology acceptance: user experience model.

The term user experience (UX) describes every aspect of the user’s interaction with a product or
service that influences the user’s perceptions towards the product (UX Professionals’ Association,
2012). This includes the layout, visual appearance, texts, sounds, and the interactions with the product.
A good UX tries to coordinate these elements to allow the best experience for the user. If the UX is
sufficient, it will leave a lasting impression and the chances are higher that the user will use the product
again (intention of use). To measure the technology acceptance of the target group, two models with
two phases have been designed to show the expectations (T0), in comparison with the short-term
experience and (dis)confirmation (T1), and the long-term experience and (dis)confirmation (T2)(see
Figure 4.2). Two models were used because if only one was taken over the entire period, only the
sample size of T2 (n = 75) could have been used.

Figure 4.2.: The user experience model consists of
two separate models. Model 1 is used to
evaluate the short term use and Model 2
to show the impact on the long-term use.

Figure 4.2.2 shows Model 1 and Model 2
in detail and how the measurements of influ-
ences on satisfaction (S) and intention to use
(I) have been taken into account. On the one
hand, the models are based on the theory of
Davis (Davis, 1989), who has identified two
factors that influence satisfaction (S): useful-
ness (U), and ease of use (E). Usefulness de-
fines the perceived usefulness to the user them-
selves and ease of use means the user’s ex-
pectation of how easy he or she thinks is it to
use the product. On the other hand, based on
Oliver’s "Expectation-Confirmantion-Theory"
of acceptance (Oliver, 1977), the models pro-
vide results whether these expectations of users were fulfilled or not. Therefore, both values (U, E)
were compared at the time of T0 (expectations) with T1 (after the use of Pocket Code). The difference
of both values between T1 and T2 are defined as the disconfirmation values (DE for ease of use, DU
for usefulness) which determine satisfaction. To phrase it differently, if the expectations have been ful-
filled (high amount of DE and DU), the user is more satisfied with the product, and if the expectations
are not fulfilled (low amount of DE and DU) the user is unsatisfied with the product. Furthermore,
the satisfaction (S) of the user has an influence on their intention to use (I). For this evaluation, the
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intention to use is to be equated with the technology acceptance, which is essential for the long-term
use of a product.

Model 2 is very similar to Model 1. In addition, in Model 2 a comparison between short-term sat-
isfaction (S1) and long-term satisfaction (S2) as well as between short-term intention to use (I1) and
long-term intention to use (I2) has been made. The collected data were analyzed with the help of the
plspm-package for partial least squares (PLS) path modelling techniques (Sanchez, 2013). This tech-
nique adds values to the paths, which indicates the strength of the connections between the influence
factors.

4.2.2.1. Data analysis: Model 1.

In Model 1 (see Figure 4.3), the pre-usage measurements (T0) have a significant influence on the
post-usage measurements (T1). In detail, the model shows that U1 significantly influences S1 (0.71,
in 1% level). In comparison, E1 influences S1 only marginally (0.15, 5% level). DU1 and DU1 have
no significant influence on S1. Furthermore, S1 significantly influenced I1. R2 shows how much of
the variance is traceable. As an example for S1, 72% of the whole variance of S1 is explained by U1
and E1, which is a high indicator (see legend of Figure
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Figure 4.3.: Model 1: Estimates the parameters
with the statistical software R& plspm-
package. (R2 and GoF) should be
high: (R2, GoF) < 0.30 (low)-0.30<
(R2, GoF) < 0.60 (moderate)-(R2, GoF)
> 0.60 (high).

To learn about differences among subgroups,
a permutation testing (Nichols and Holmes,
2001) was used to compare two groups of peo-
ple. Against expectations, the results showed
that there are no significant differences be-
tween the subgroups in T0 and T1. Tested
subgroups comprise of the following: girls
and boys, younger and older students (lower
grade/upper grade), students with or without
programming experience (or prior knowledge
of Pocket Code), students who own or do not
own a tablet, or students with different play-
ing behaviors. A significant difference is only
visible between the various schools (see Fig-
ure 4.4). This outcome shows that for students
at Borg Birkfeld and Akademisches Gymna-
sium the expectation of U0 had a significantly
higher influence on U1 (0.80 and 0.50) than at
the other schools. To phrase it differently, these students had very positive feelings about the app
Pocket Code before actually using it, which further significantly influences S1 and I1.

Figure 4.4.: Differences between the three pilot
schools (3 group comparisons were
necessary).

The second row of the table in Figure 67
shows that for those classes who had bad ex-
pectations and experiences in U0 and U1 of
Pocket Code, the S1 significantly influences I1
(0.81).

4.2.2.2. Data analysis: Model 2.

In Model 2 (see Figure 4.5), the pre-
measurements (T1) again have a significant influence on the post-usage measurements (T2), and an
especially significant impact is seen on U1 for U2 (0.83) and the associated DU (0.29). E1 is statisti-
cally important only at the beginning (0.77) but has no influence in the long-term use (0.14) for S2 and
I2. This means that for long-term use, U is the most important and for novices E is essential as well.
The most important takeaway here is the impact of S2 on I2, and the interpretation that if a user had
the intention to use it at the time of T1 he will also use it later on (T2). In other words, the short-term
intention to use influences the rate of long-term acceptance. The GoF for this model is in comparison
to Model 1 higher and the variant (R2) has a sufficient value as well.
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Figure 4.5.: Model 2: Estimates the parameters
with the statistical software R & plspm-
package. (R2 and GoF) should be
high: (R2, GoF) < 0.30 (low)-0.30<
(R2, GoF) < 0.60 (moderate)-(R2, GoF)
> 0.60 (high).

To summarize, differences within the sub-
groups have been evaluated (see Figure 4.6).
On the one hand, no significant differences be-
tween T1 and T2 are visible between the sub-
groups of younger and older students (lower
grade, upper grade), students with or without
prior knowledge of Pocket Code, or students
that own or do not own a tablet. On the other
hand, the results indicated a significant differ-
ence between the observed subgroups of girls
and boys, students with or without program-
ming experience, and students’ playing behav-
ior. In detail, for male students S2 has a more
significant influence on I2 (0.79) than it has for
female students. Figure 4.6 demonstrates the
differences between Model 1 and Model 2 in
the path coefficients by comparing the user’s
gender. Additionally, for students without pro-
gramming experience the short-term U1 plays
a significantly higher role (0.83) for the long-
term U2 than for students with programming
experience. To put it succinctly, if users do not know what programming is about, Pocket Code seems
to be a suitable tool to learn about first steps of programming. Both results go along with the third
row of Figure 4.6. This indicated that the more students are used to playing computer games or play
games on a regularly basis, the more important S2 is for I2 (0.56 and 0.77). Compared to students
who play seldom computer games S1 had only a minor influence on the further usage of Pocket Code
(0.13).

Figure 4.6.: Differences among the groups (permutation testing).
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Figure 4.7.: Comparing groups: male/female students; permutation test for differences in path
coefficients.

4.2.2.3. Discussion: user experience model.

During the Feasibility Study, the team not only collected the data of the surveys but also took notes,
made pictures, and interviewed students while working with Pocket Code. Observations showed that
overall all of the students enjoyed using Pocket Code in class to work in groups, share ideas, and
to develop games together. However, it could be noticed that not all students participated equally
in crafting and coding. Many students adopted roles they were comfortable with. Two different
divisions within the teams could be observed. First, one student was programming while the other
one was drawing the characters, objects, and backgrounds. This happens mostly in female teams.
Second, the team split their work so that everyone was programming one level of the games, which
was later merged into one big game. Thus, the challenge for the workshop facilitator was to also
motivate these students that spent most of time drawing the artwork to code some parts on their own.
By comparing the results of the survey, the differences between the schools could be clearly explained.
Students at Borg Birkfeld and Akademisches Gymnasium were given more instructions and help (A1)
than schools that had a more constructionist approach (A2 and A3). The team observed that students
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who were told to explore Pocket Code on their own in a short time span felt more stressed and asked
more questions than students who got a framework at the beginning. Further, both schools appreciated
this new playable programming access with Pocket Code more. As a result, the students were highly
motivated, which can be seen in their perceived U1 and U2. At Borg Birkfeld, students in course
number 20 had already done some programming, e.g. with C#, but had some bad prior experiences
with programming and a strict the teacher. For them, Pocket Code was a welcome diversion from the
usual computer science lessons. The importance of a positive first experience in coding (especially
for girls) has been already described in Section 2.4.2 and is also visible in Model 2. In addition,
students at Borg Birkfeld had fewer Pocket Code units (two double units). Thus, they may not have
detected problems with the app, which may occur during long-term use. Furthermore, students at
Akademisches Gymnasium had very motivated teachers and were allowed to create and draw their
characters on their own. Their goal was to present the game on the open house day of their school.

At GIBS, the students seemed to be very frustrated after the last Pocket Code unit was performed.
According to the on-site observations, the reasons for this was threefold. First, some students had al-
ready programmed with Scratch, and some functionalities from Scratch were missing in Pocket Code.
Second, the teachers demanded a lot, and assessed every step of the project (storyboard, presentation,
and program). The students felt stressed by this pressure from their teachers as well. Third, some
students had very broad ideas at the beginning. When they became aware of the complexity of their
ideas and the workload that was needed to achieve these goals, they then limited their initial ideas to
what they were able to implement in that short amount of time. Although they had many programming
units (10 double units), their programs did not implement their initial ideas and they felt disappointed
as a result. All of these factors influenced their S1 and I1 and are also present in Model 2. In Model
2, the difference between male and female students is interesting to observe. Section 4.2.1.3 shows
and the literature argues (see Section 2.4.1.5) that male students have a higher technology affinity and
play games more often than female students. Thus, they have more experience when comparing their
creations to similar products and expect a higher level of satisfaction than female students expect.

On-site observations indicated some slight differences in how the different genders approached
their tasks. Male students were more concerned with the gameplay itself; the game should be fun,
fast, and challenging. Girls mostly started with only a rough idea, and followed that with designing
and drawing their gaming worlds with a lot of care. As a consequence, female students often had
less time to code and get the game to a playable state (i.e. they felt more stressed). The developed
technology acceptance model shows dynamic changes of acceptance over the period of the Feasibility
Study, thus contributes to the understanding of the user’s intention of long-term use. The Pocket Code
units (short-term use) satisfied students the most if they were already motivated at the beginning (i.e.,
they saw the usefulness of the service), e.g., through a playful approach, useful introduction, or a
motivated teacher/role model. In addition, students who used a framework or got more help at the
beginning (i.e. ease of use) were more satisfied and intended to use Pocket Code further. For the
long-term use of the app, students who started without any programming experience found Pocket
Code more useful; the effects of having these “aha” moments profoundly influenced their rate of
satisfaction.

Block based coding languages are indeed to help novice programmers (see Section 2.1.4.1). Pocket
Code seems to be a suitable tool for (female) students who want to learn how to code and may signifi-
cantly contribute to closing the divide and participation gap in digital culture. The on-site observations
also showed the significant promise of getting the youth involved in the world of coding with Pocket
Code. The tool helps to bring their ideas to life and create something that is meaningful for them.
However, concerning the workload of teams, it seems to be more efficient if every student begins by
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working on their own level, thus feeling ownership about the game. Nevertheless, the entire group
should be working on the same bigger game. At this time, the merge-functionality was still beta and
did not work sufficiently.

For the next cycle the team noticed that it was necessary to discuss the storyboards or the game ideas
in more detail together with students, in order to know what was possible in the available amount of
units. According to the amount of units, the team concluded that the appropriate amount depended
on the approach. With A1 two double units for the main learning (i.e., programming) are already
sufficient whereas for the students’ personal games two double units are the minimum and four the
maximum. Although Pocket Code is a promising tool that encourages novice programmers to become
game designers and creators, the app should also fit to the needs of students who have already gained
some experience in programming or those who often play in their free time. Thus, this survey also
suggested feature completeness in Pocket Code to program games that are more advanced. This could
be seen as well in the results of the usability evaluation, which is part of the next section.

4.2.3. Usability: descriptive content analysis.

As has already been discussed in Section 2.1.4.2, mobile learning is seen as a way to offer flex-
ibility in learning and presents a lot of educational advantages, i.e., the learning process becomes
more independent of the spaces previously determined for their use (OECD, 2004). Many concepts
in programming are difficult to understand for younger students. Therefore, it is important that the
learning tool supports students well in their task and does what it is supposed to do. This is sum-
marized with the term usability (Bhattacherjee and Premkumar, 2004). For a product to be seen as
useful or user friendly, it must help to reach goals effectively, efficiently, and satisfactorily. This can
be achieved by simplicity, design, ease of use (see previous section), and consistency in navigation,
as well as structural, metamorphic, or standardized iconic design. This is important to meet a range
of cognitive learning styles, to maximize the learning experience, and to increase the learning curve
indirectly (Hubwieser, 2007). This section evaluates the usability of Pocket Code and therefore de-
scribes the barriers of Pocket Code as well as its limitations and advantages as summarized through
the surveys of the target group. Additionally, several open questions have been asked in T1 and T2. In
addition, T2 included some questions concerning the future use (i.e., in spare time) of Pocket Code,
which is part of Section 4.2.3.2.

4.2.3.1. Usability data: Pocket Code.

This section presents the usability evaluation of Pocket Code by answering like/dislike questions and
offering recommendations.

Q: What did you like best about Pocket Code? 147 mentions (T1) and 70 mentions (T2)

Figure 4.8 presents the students’ answers. What students liked the most was the aspect of creating
something and learning something new.
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Figure 4.8.: Answers to the question: "What did you like best about Pocket Code?" The size of the
bubbles correlates with the frequency of the mentions.

What did you like least about Pocket Code? 136 mentions (T1), 60 mentions (T2).

Many students mentioned that the app often crashes and that Pocket Code was a little bit too com-
plicated (especially at the beginning).

What is the most important thing that should be changed in Pocket Code? 118 mentions (T1) & 58
mentions (T2)

Students suggested that the design should be simpler and clearer, and functionalities should be im-
proved as well as the general performance of the app. Answers are visualized in Figure 4.9, including
recommendations.
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Figure 4.9.: Answers to the question: "What did you like least about Pocket Code?" The size of the
bubbles correlates with the frequency of the mentions.

Figure 4.10.: Evaluation formula
editor-average of 2.82
and median of 3.

Additionally, questions according to the formula editor
have been asked. The formula editor has been described in
more detail in Section 3.2.2. It is needed, e.g., to access the
device’s sensors, to manipulate the object’s attributes, to in-
sert different formulas, and to use variables/lists within con-
ditions. Prior observations showed that these functionalities
are especially difficult to understand (especially for younger
students), hence the survey included questions regarding the
formula editor in T1.

How do you like the formula editor? n=153

Students evaluated the formula editor with an average of
2.8 (see Figure 4.10).

What is the most important thing that should be changed
in the formula editor of Pocket Code? n=104

Suggested usability improvements for the formula editor
included to make it more simple (i.e. regarding clearness
and terminology), add more descriptions and help options,
improve scalability of the buttons (to avoid misclicks), and make the use of variables easier (e.g. with
simple bricks).

4.2.3.2. Further usage: Pocket Code.

The team expected a higher number of students who intend to use the Pocket Code app further after
the Feasibility Study. Pocket Code has been used by 8 students at least sometimes in their leisure time
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for an average time of 1.2 hours. As a school project, Pocket Code was used by 44 students. Their
intent to use Pocket Code was either because they wanted to program a game, they took part in the
Alice Game Jam event (see Section 4.5.1), or because they just tried it out for fun. However, most
of them, mentioned that they had no interest (20), or time (16) to use Pocket Code further in their
leisure time. Other answers include that they found it not useful (12), too difficult (8) or not as fun (5).
Since Pocket Code is only available for Android, some students (4) mentioned that they only have an
iPhone or iPad, and some noted problems when downloading the app (3). In addition, the survey had
two more open questions to answer:

What would enhance your motivation to continue using Pocket Code? Answers include: if the app
would be easier to use, would become more user-friendly, or would offer more assets for creating
games.

What would decrease your motivation to continue using Pocket Code? Answers include: no im-
provements in error-rate/bugs, if it became more difficult, advertisement within the app, or a lower
quality of games.

While comparing future usage between girls and boys, it seemed that boys used Pocket Code more
often (6) and longer in their leisure time (average hours 2.1) than girls (2, average hours 0.3).

4.2.3.3. Discussion: usability evaluation.

Although the Feasibility Study and the interaction with students was overall very positive, it also
determined need for improvement. Enhancements were recommended not only regarding the backing
of the course and the teacher training/support, but also of the Pocket Code application itself. Pocket
Code may have helped its users to learn basic programming steps but it was difficult to program
advanced or large games. The app needed improvement in terms of the usability by decreasing both
the complexity and the time needed to develop games.

To increase scalability of Pocket Code beyond computer science classes, the following suggested
improvements were considered and they influenced the development of Create@School the most:

• Providing hints for beginners

• Adding improvements to the Formula Editor (FE)

— Intro which explains the important functionalities

— Increase size of the FE buttons according to device screen (especially for tablets)

— Add subcategories within the sections of the FE

— Possibility to rename strings, variables, and lists

— Modify the way of deleting

• A more accurate and easy to use detection between objects (collision detection)

— Physical collision detection (using Box 2D)

— Collision property within the FE (e.g., if object touches object, edge, finger)

• Improvement of functionalities, e.g., the merge functionality
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• New functionalities:

— Backpack (to copy and paste scripts, looks, sounds and whole objects)

— Single or multi-touch option

— New loops/conditions: repeat until, wait until, etc.

— Drag and drop of elements within the UI

• A range of new bricks:

— Ask brick (to ask questions during the game) either via a input box or speech recognition

— Bubble bricks (for say and think bubbles, for storytelling)

— Clone bricks (create clones of the object)

— Pen/stamp bricks (to let the object draw patterns/a line)

— Speak/play sound and wait brick (wait did not exists before)

— Stop script brick (to stop this scripts, all other scripts, or all scripts)

— Bricks to detect background switch (new hat brick, for switching between backgrounds)

— Rotation style brick (e.g., that the object does not flip if it bounce off the edge)

— Go to brick (go to another object, finger position)

— Previous look brick (to switch also to the previous look)

• New formula editor properties

— Look/background number/name (e.g., to ask for a specific look name/number)

— Values for longitude, latitude, location accuracy and altitude (GPS)

— Current time (ask for the current year, month, day, etc.)

• Usability improvements:

— Separate events from other control bricks (like in Scratch)

— Opportunity to comment out bricks or whole scripts

Based on these results, the NOLB team developed Create@School and reflected strategies on game
design to create a more productive experience for learners. In addition, the development team focussed
on code refactoring/quality and test coverage to improve the performance and stability of the app as a
whole.

4.3. Results of the Create@School App (during SC)

During the Second Cycle of the NOLB project, Create@School was evaluated several times. Results
were collected through the following evaluations:

• Usability, satisfaction, and attractiveness evaluation by using the Hassenzahl model assessment

• Behavioral assessment evaluation through tracked events within the app
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• UX surveys with open and closed questions

• Usability test with two pre-coded templates (physical simulation and RPG adventure template)

Since the Create@School app and provided services should serve to support female students, the
focus of all evaluations was to identify differences in gender. The attractiveness of the app to female
students, their programming behavior, and usability experiences with either Create@School or the
pre-defined templates were all assessed in order to get insights about their personal interests and
values.

4.3.1. Attractiveness of Create@School.

During the Second Cycle, an AttrakDiff survey (User Interface Design GmbH, 2018) was conducted
after the last Create@School class. A research which conducted two studies (Schnurr et al., 2017)
with different contexts and different test subjects came to the result that consumers perceive unfamil-
iar technology as more attractive when it is placed in an attractive context. Moreover, they rate it as
higher quality, which translate into higher intentions to purchase it. Attraction is also a component of
the requirements catalog for mlearning environments from (Freitas et al., 2013) (see Section 2.1.4.2).
Mobile devices should increase one’s motivation in using and learning through the environment itself.
For the user, this new modality of learning should foster curiosity, contributing to better understand-
ing information that has been taught. Attractiveness surveys in general ask users to assign different
attributes to a product or service and give additional questions about the situation in which the prod-
uct or service is used. Collected data from the AttrakDiff survey is evaluated through a Hassenzahl
model (Burmester and Koller, 2008). This model evaluates:

• the usability and utility of the technologies perceived by users,

• the satisfaction of users that have used the technologies, and

• the attractiveness of the technologies.

This section first explains the Hassenzahl model in general and second presents the outcome of the
model. Therefore, the type of the survey has been set to “Comparison A and B”, where A collected the
answers from female students, and B collected answers from male students. To conclude this section
the results of the Hassenzahl model are discussed.

4.3.1.1. The Hassenzahl model.

The Hassenzahl model gives an insight on how usable the app was for its users by highlighting the
values of hedonic and pragmatic attributes assigned to the product by users (Law et al., 2017). The
AttrakDiff questionnaire is a survey based on the Hassenzahl model, which builds a quantitative scale
to measure both hedonic and pragmatic qualities. It is a psychometric tool based on a semantic
differential. The relationship with technology affects people’s emotions and quality of life. The
Hassenzahl model is designed for measuring both the user’s experience and satisfaction and tries to
measure their emotional responses. Based on the Hassenzahl model, the qualities of physical products,
websites, software, and other digital media can be classified into two distinct groups:

Pragmatic qualities: These qualities are related to practicality and functionality. An example for
pragmatic qualities is usefulness and usability. Examples of attributes that are typically assigned to
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software in general are supportive, useful, clear, and controllable. The purpose of the software should
be clear and it should be understandable for the user.

Hedonic qualities: These qualities reflect the psychological needs and emotional experience of the
user. Within the Hassenzahl model hedonic qualities are divided into two categories:

• Stimulation (HQ-S): The user wants to be stimulated in order to enjoy the experience with the
software or product. Rarely used functions can stimulate the user and satisfy the human urge
for personal development and increased skills.

• Identification (HQ-I): Users have a need for expressing themselves through objects and they like
to control how others perceive them. All people have a desire to communicate their identity to
others. This is done through the things people own and use. These things help them to express
themselves, define who they are, and show what they care about. This is why people enjoy
using personalization on sites such as Twitter83. Changing certain items, e.g. the background
wallpaper and header image, allows people to express themselves.

The right balance between pragmatic and hedonic quality is important to give the user a positive
experience and satisfaction while working with the application. Usability specialists commonly use
the semantic differential (Strungúa, 2014) in order to overcome the poverty of subjective data that
would otherwise be obtained from tests or an open question survey.

4.3.1.2. Hassenzahl model assessment.

The Hassenzahl evaluation is done in the form of a survey consisting of the 28 pairs of terms with
polar opposite meanings, for instance, “motivating” or “discouraging”. The user has to cross one of
the six circles between each pair according to user’s personal view of the product (Burmester and
Koller, 2008), (see Figure 4.11) as an example. The whole AttrakDiff survey is part of the Appendix
(see Appendix A.3).

Figure 4.11.: Example word pairs of the AttrakDiff survey.

For this evaluation also the students from the Spain pilot filled out the survey. In total, 152 girls
and 198 boys participated in the survey used to construct this model. In UK the used another survey
because the UK team considered the AttrakDiff survey as too difficult for their younger target group

83Twitter: https://twitter.com

143



Chapter 4. Evaluation of NOLB Activities and Create@School in Austria

and students with learning disabilities. This evaluation is part of the NOLB Delivery 5.4 (Spieler and
Mashkina, 2017).

As can be seen in Figure 4.12, Create@School received neutral evaluations for pragmatic and hedo-
nic perspectives from both genders. The small confidence intervals signify that the results are reliable
and not coincidental. Male students (cyan) rated the app as slightly more attractive than female stu-
dents (orange) did.

Figure 4.12.: Overall evaluation of hedonic and pragmatic qualities.

The diagram of the average values can be seen in the Figure 4.13. The average value of the prag-
matic quality (PQ) evaluation has the largest absolute distance of 0.46 between female (orange line)
and male students (cyan line). The average value of the PQ rated by the female participants has the
value -0.25 and thereby it is below 0. The identity (HQ-I) and attractiveness (ATT) average value is
slightly larger for the male participants with the difference of 0.13 and 0.18 respectively. The stimu-
lation (HQ-S) has approximately the same average values with 0.53 from female and 0.57 from male
students. The average values of the hedonic qualities do not reach maximum values in any of the
aspects.
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Figure 4.13.: Diagram of the average values for pragmatic qualities (PQ), hedonic qualities — identity
(HQ-I), hedonic quality stimulation (HQ-S), and attractiveness (ATT).

The average diagram shows that:

• almost all qualities achieve a positive evaluation in both genders,

• the largest distance between the genders is seen in pragmatic quality,

• female students’ evaluation of pragmatic qualities is less than zero,

• for identity (HQ-I) male students rate Create@School slightly better than female students,

• for stimulation (HQ-S) female and male students’ rates are almost the same,

• for attractiveness (ATT) male students rated Create@School slightly better, and

• no quality reaches the maximum rating.

The diagram of Figure 4.14 shows the details of the semantic differential of the model, the ad-
jectives of the survey, and the values that have been contributing to each quality. Overall, none of
Create@School’s qualities reaches the maximum value. The negative feedback is mostly given by
female students, except the “cheap-premium” pair has been rated more negatively by male students.

Female participants considered the app more technical than human, as well as more complicated
than simple and confusing rather than clearly structured. Male participants also rated the app more
technical than human, but at the same time found it more practical than impractical, more straightfor-
ward than cumbersome and more structured than confusing. Both groups had a neutral opinion on the
predictability of the app.

The identity (HQ-I) as well as the simulation (HW-S) evaluation of the app are mostly consistent
between the two groups. Both groups found the app cheap rather than premium and professional
rather than unprofessional, as well as more stylish than tacky and presentable than unpresentable. The
participants had a neutral opinion about the alienating-integrating behavior of the app. Male students
found Create@School more connective than female students did. Girls said that the app separates
them from people rather than brings them closer to people. Both female and male students considered
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the app as more inventive, creative, innovative, and novel. Boys rated the app as more bold and
captivating than girls did. Male participants assessed Create@School as slightly undemanding, rather
than challenging, whereas the female participants saw the app as challenging.

Both student groups rated the attractiveness (ATT) of Create@School positively. The boys rated the
app as more likeable, inviting, appealing, and motivating than girls did. Female and male participants
found the app rather more pleasant than unpleasant, attractive than ugly, and good than bad.
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Figure 4.14.: Attractiv survey: description of word-pairs.

4.3.1.3. Discussion: Hassenzahl model.

Create@School received very similar evaluations from both genders. In general, all students accepted
the app and ranked it positively even though it has not yet achieved the desired acceptance level.
The positive values recorded and the good balance between pragmatic and hedonic qualities shows a
degree of satisfaction while working with the application.

147



Chapter 4. Evaluation of NOLB Activities and Create@School in Austria

These results of PQ are not surprising and correlate with the literature in Section 2.4.2.5 which states
that there are differences between the perceptions of tools between the genders. On-side observations
showed that male students were more interested in testing the various functions of the app. They also
programmed at home (even if they were not asked to do so), and were more interested in creating
something on their own than just finishing the given task. For the female students it seemed to be
more a means to an end, which meant they were more concentrated on creating the game which the
team or the teacher asked for and less interested in tinkering around with the app. This correlates with
the findings in Section 2.4.1.5 that the ability of feature discovery (i.e., to try out new features) differs
between female and male students. The especially positive ratings for creativity and presentability
show that the participants enjoyed their experience with Create@School in general and that the app
allows users to express themselves. Regarding the negative rating for “it separates people” rather than
“brings them closer”, further research needs to be done if this somehow is an indicator and influences
female students’ sense of belonging or self-efficacy negatively. The question is if students who work
individually on games but with a similar task either feel more engaged or disengaged with the whole
group.

To conclude, the Create@School app was perceived as useful and usable, attractive and stimulating,
and as being a good foundation product for the creation of a new innovative tool for education which
promotes the social inclusion of students. Therefore, the next section provides practical insights into
the programming behavior of students, thus showing students’ actual interests, skills, and creativity.

4.3.2. Behavioral assessment: use of Create@School.

Behavioral assessment (Feindler and Liebman, 2015) is the approach of understanding and changing
behavior by identifying the context in which it occurs (the situations or stimuli that either precede
it or follow from it). In other words, it is measuring a person’s actual behavior (The Center for
Emotional Health, 2016). Once the behavior is defined and measured, different factors were defined
that may reinforce and maintain this behavior. Results involve the recording of the frequency of
various behaviors, understanding the interactions between situations, and finally, actions for change
in behavior.

Cognitive and behavioral measurement in NOLB has been handled through qualitative (obser-
vation) and quantitative data (automatic collection data from usage of Create@School), (see Sec-
tion 3.4.2.4). Through statistical analysis of collected data evidence, feedback is being provided to
improve the constructivist-oriented learning and teaching model. This is done by evaluating sev-
eral users‘ cognitive/didactical and behavioral performances, such as engagement, persistence, and
Create@School usage. The next section shows the results of the behavioral assessment of three classes
from the Austrian pilot schools. The whole evaluation is part of the NOLB Delivery 5.4 (Spieler and
Mashkina, 2017).

4.3.2.1. Behavioral assessment analysis.

The analytics data tracking was part of the Create@School app. At the beginning in October 2016
this data were used mostly for testing purposes and thus the tracking has consciously improved (e.g.,
addition of missing events). In March 2017, the project id which is added by students was tracked
as well (provided by the teacher, same as in the PMD). This identifier is unique per class project and
allows researchers to determine which students belong to the same class. This was important because
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all events were not only analysed per each student but also in reference to the class he or she belongs
to. Therefore, the average of each event and also the maximum of events used by a student in each
class could be measured. The PMD was ready for use in schools in April 2017. Thus, only three
classes in Austria could be evaluated because the other classes already finished their coding lessons.
The behavior measurements are available for the courses 11, 17 and 18 (two courses but the same
students), and course 19 (number of students in total n=52). The composition of each parameter as
well as the grades is already described within Section 3.4.2.6.

In the following sections the results of the collected data are presented; first, for all classes in
general and second, with a focus on gender. For the analysis only the excel dashboard will be used
because they allow more customization.

Behavioral analysis in general

First, the behavioral analysis is provided for all classes and next the classes are compared. Fig-
ure 4.15 provides an overview of the behavioral analysis of all three classes together. The parameter
“Usage of Create@School” and “Confidence” (in green) reaches almost the maximum value (>3.5),
whereas “Creativity” and “Positive Affect” (in orange) reaches the lowest value of 2.48 (but still
above average). This means that students created and coded a lot (.i.e., used the app), the games met
the learning goal, and at the same time they had the chance to create their own assets via Pocket Paint,
etc.

Figure 4.15.: Behavioral analysis results of all three classes.

The differences between the classes can be mostly be sorted by the different approaches used.
Figures 4.16, 4.17, and 4.18 showed the results per class.

Figure 4.16.: Social-behavior measures: Akademisches Gymnasium Grade 7/physics.
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Figure 4.17.: Social-behavior measures: Akademisches Gymnasium Grade 12/computer science.

Figure 4.18.: Social-behavior measures: GIBS Grade 9/computer science.

The parameter “Self-Efficacy” (in green) is significantly lower (2.44) of students in Figure 4.16
than in the other two classes (Figure 4.17: 3.27 and Figure 4.18: 3.50). The reason is that students
from Figure 4.16 only had 3 coding units at 50 minutes, whereas students from Figure 4.17 had
8 units (and worked on their games at home as well), and students from Figure 4.18 had 10 units
(one student worked at home). The parameter “Usage of Create@School” is significantly high in
all three classes (3.90). This means students had a high interaction with the app in all classes. The
parameter “Creativity” (in orange) is slightly higher in Figure 4.17 (2.91) than in the other two classes
(Figure 4.16: 2.36 and Figure 4.18: 2.27). This class used, the Quiz template in the second course but
first created their games from scratch. Thus, they created more assets on their own than the class in
Figure 4.18, which used the pre-coded templates. The class in Figure 4.16 used mostly camera assets
for their games. The value of the “Confidence” parameter is slightly higher in Figure 4.16. In this
class, almost all reached the predefined learning goal set by the teacher.

A notable difference could be seen in the “Persistence” rate between the three classes (in red).
Therefore, Figure 4.19 presents this parameter in detail to see the different values.
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Figure 4.19.: Persistence in more detail. a.) Akademisches Gymnasium/Grade 7, b.) Akademisches
Gymnasium/Grade 12, and c.) GIBS/Grade 9.

Students in Figure 4.19 c) showed a high value in “Event Deletion” (3.50, see bars bordered in red).
This class used a template (adventure RPG). Therefore, they deleted scenes, objects, and looks that
were likely not those which were needed for their games (3.50). In addition, students in Figure 4.19 b)
first used a template (2.91) whereas the value of students in Figure 4.19 a) is very low (2.35). Students
from Figure 4.19 b), and 4.19 c) spent much more time in Pocket Paint with drawing and editing their
graphics and assets (see bars bordered in green, 3.73 and 3.38). The reasons is that students from Fig-
ure 4.19 a) included their pictures mostly from the camera then drawing them (see bars bordered in
in blue 3.42). They made photographs of their own experiments and included them in their games. In
addition, students in Figure 4.19 b) spent more time in the web-view (see bars bordered in in orange:
3.73) and testing and playing (3) their games than the other two classes.

Behavioral analysis on gender

While the differences between the classes can be mostly explained because of the different class
projects and approaches used, a behavioral analysis on gender is highly interesting. This data were
analyzed within this section.

First, the analysis over all classes is presented and next, the classes are compared. In Figure 4.20, all
three classes are compared. Slight differences are notable between female and male students in their
engagement (0.4), effort, confidence, and interests (0.5), and the highest difference is visible in the
parameter “Creativity” (0.6). In general, the higher value is always dedicated to the female students’
behavior.

151



Chapter 4. Evaluation of NOLB Activities and Create@School in Austria

Figure 4.20.: Social behavioral measurements of all classes; filtered by category Gender * Difference
0.4, ** Difference 0.5, *** Difference: 0.6

This means that female students engaged more within the app (e.g., through customization of the
app), they spent more time within the app, and most of all they were more creative in comparison to
their male colleagues. Figure 4.21 - Figure 4.23 show the gender differences per class. This time each
class is described separately.

In Figure 4.21, the “Engagement” parameter shows a significant higher value in those of girls (2.84)
than in those of boys (2.06) as well as in parameter “Confidence” (girls: 3.94 and boys: 3.30). This
means that the female students in this class used more creation events and spent more time within the
app than male students spent. In addition, female students reached almost the maximum value, which
means according to the grading score that they had an excellent performance. However, the most
interesting parameter is the “Creativity” and “Positive Affect”. Here the value for female students is
2.71 and the value for male students is one grade lower at 1.75. This means that the female students
used many more of their own camera pictures for their experiments in Create@School than the male
students did and they reworked their pictures within Pocket Paint as well (value of “Time spent in
Pocket Paint”). Moreover, the program was originally rated much higher by the teacher and they also
achieved the learning goal much often (part of the teachers’ observation data coming from the PMD).
In addition, the value for “Interest” is higher in girls (difference: 0.6) which means that girls spent
more time within the app (e.g., with testing the game) than boys. All students in this class showed
almost the same value in the parameter “Self-efficiency”.

Figure 4.21.: Social-Behavior measures on gender: Akademisches Gymnasium Grade 7/physics.

The class in Figure 4.22 shows less difference between the female and male students. Here, the
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value of male students in “Usage of Create@School Coding” is minimally higher, and almost reaches
the maximum of 4. Here the only significant differences are in the parameters “Effort/dedicated
time”, “Interest”, and “Self-efficacy” (difference: 0.6). This shows that the female students spent
more time with either playing/testing their games or for searching for other games in the web-view
(e.g., searching for the games of their team members to merge them together). In addition, female
students used more creation events, and their own assets (parameter “Interest”). Finally, in this class
the female students seemed to spend more time in the app in total, produced more events per time, and
used more improved advanced coding bricks (parameter “Coding Skills”). All students show almost
the same value in the parameter “Creativity”.

Figure 4.22.: Social behavior measures on gender: Akademisches Gymnasium Grade 12/computer
science.

In the third class (see Figure 4.23) few differences are visible between female and male students.
Again female students spent more time within the app than male students did (difference: 0.62), and
the female students once again showed a higher value in the parameter “Self-efficiency” (difference:
0.66), thus they also used more advanced coding skills in comparison to their male colleagues. In
addition, the girls in this class had a slightly higher value in the parameter “Creativity” (thus they
added more self-designed assets; difference: 0.5). There are almost no differences in the values of
the parameter “Usage of Create@School”, “Persistence”, and “Confidence” which shows an equal
amount of creating and deleting events and reflects their similar coding skills. The reason might be
that this class used the pre-coded template, thus the coding bricks needed to fulfil the learning goal in
a way that was very similar.

Figure 4.23.: Social-Behavior measures on gender: GIBS Grade 9/computer science.
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4.3.2.2. Discussion: behavioral assessment.

For the discussion part, one example program per class and on-site observations are considered as
well.

Akademisches Gymnasium, Grade 7 physics

Lesson plan (course 19): Students chose one physical experiment in groups of four and conducted
it together within the physics lesson. One member of each group made photographs during important
stages of the experiment (the roles changed during the experiments). Every program should contain
(see Figure 4.24):

• A start screen which contains the name of the experiment and two buttons: “Explanation”,
“Experiment” who lead to the next screens

• One screen with pictures that show an automatic animation of the experiments, a “Return”
button that leads back to the start screen

• One screen that holds the explanation of the experiment (picture of a handwritten text), a “Re-
turn” button leads back to the start screen

• Optional: “Restart” button for the animation

TU Graz has provided the buttons as well as the background.

Learning goals:

• for physics: plan, perform, and document one physical experiment

• for coding: use the principle of broadcast messages to change between the different screens

Figure 4.24.: Example game: physical
experiment — course 17

According to the behavioral measurements per gender, the
female students were more creative, they spent more time
within the app with testing or in Pocket Paint, and they used
more creation events. On-site observations showed that the
girls in this class were much more motivated and collabora-
tive than the boys. Most of them worked in groups of two
or alone whereas the boys worked more together with the
facilitators. For the girls it was important that their game
looked nice as well. Thus, they spent a lot of time in plac-
ing the objects correctly, testing the game various times, and
cutting their photographs until it suited them. Boys, in con-
trast, mainly focused on finishing the task in time and being
the first to finish. In addition, the optional task (to integrate
a restart button) was mostly done by boys. Since they only
coded in three units, and did not had any time to program
at home, the absolute amount of time spent within the app
was more or less the same for all in the class. In this class,
students did not have the chance to present their work (no values for work defense).
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Akademisches Gymnasium, Grade 12: computer science

Lesson plan (course 17): Create your own game. The player should either collect something, avoid
something, or use storytelling elements (see Figure 4.25 and Figure 4.26).

Every program should contain:

• at least one complete level

• interaction with the player (e.g., inclination sensors or “"When tapped” property, etc.)

Learning goal: use different code bricks from the categories “Control”, “Look”, and “Data” and
use object properties.

Figure 4.25.: “Wer ist der
Mörder?”: an
interactive skill
game with story-
telling element.

Lesson plan (course 18): Use the quiz template and add ques-
tions related to your school building (e.g., When was it built?). In
addition, add the following enhancement to the template: as in a
scavenger hunt game, the player should type in a room code (every
room in their school building has an unique room code) to unlock
the next question.

Every program should contain:

• five questions

• the possibility to unlock new questions

Learning goals:

• change the values (variables) within the template to adjust it
to your questions

• add an ask brick to enter the room codes

On-site observations showed that the whole class showed great
interest in the project and felt very engaged. All the questions were
then merged into one big game, which was presented at the open
house day in November 2017. Thus, all students of this class were willing to give a great deal of
extra effort to finish their games. Female students collaborate much more, e.g., the divided the work
between different tablets (drawing, coding) whereas male students worked mostly on one tablet or on
their own phones. In addition, boys used very simple graphics or graphics from our media library (see
Figure 4.45) whereas, girl’ groups created their graphics on their own. All games created showed a lot
advanced functionalities (e.g., using physics bricks, scenes etc.). In the first course, two girls’ groups
and two boys’ groups were formed and one group of each gender failed the first learning goal. The
girls’ group that did not reach the learning goal, had many problems with the coding and ran out of
time (they spent too much time drawing their assets on paper). The boys’ group that did not reach
the learning goal integrated too much functionality and deleted something important (without making
a copy of the program) and destroyed their whole project. Both problems could be observed as very
typical for the gender during the project. However, in the second course (19), more boys than girls
reached the learning goal (male: 4/5, female:1/6).
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Figure 4.26.: a. “Boom Peach”,
a remake of the
game “Cookie
Clicker” b. “Panda
Bouncing”, a re-
make of the game
“Block Breaker”.

The learning goals and a more detailed description of course
number 11 are part of Section 4.4.3 (part of the template assess-
ment). In general, again, female students were more precise in
organizing their programs, and spent time in searching the right
assets. Students were allowed to finish their games at home. Only
one girl did so.

To summarize, these results let us conclude that the social behav-
ioral and self-regulatory aspects are the most important for female
students. Thus, for them it seems to be most promising to allow
them to be creative, i.e., allow to create their own assets, to edit or
draw them in Pocket Paint, and to customize the app to their needs.
This is consistent with the findings in Section 2.4.2.3 and values in
the parameter “Effort/dedicated time”. The task of the first class
(record a physical experiment) was not that difficult and very small
(adopted for a 3 units course). Nevertheless, it was important for all
girls to create “nice” programs whereas boys focused more on the
completion of the task (which was observed in many classes dur-
ing the project). In general, the used more creation events. Girls

formed groups more naturally in two classes (either it was individual work, or teamwork) and they
split their work more efficiently. Most of the time one girl was working on graphics and the other one
was coding (the facilitators encouraged them to change roles) whereas in boys’ groups one boy often
took over the program and added fancy functionalities on his own whereas the other group members
were often excluded. This is also described in related literature (see Section 2.4.1).

4.3.3. User Experience (UX) with Create@School.

The goal of the qualitative and quantitative research was to collect students’ opinions about the user
experience (UX) of the Create@School app and the courses in which the app was used. Data have been
collected with open and closed questions to gain a deeper understanding of the experience evaluation.
Therefore a qualitative content analysis has been performed by developing categories according to
Mayring (Mayring, 2014). The questions were very similar to those asked during the Feasibility
Study (see Section 4.2.3). The questions were added at the end of the AttrakDiff survey given to
students after their last unit. Overall, a total of 131 students filled out feedback forms in Austria, (63
male students, and 68 female students). The evaluation is part of the NOLB Delivery 5.4 (Spieler and
Mashkina, 2017).

4.3.3.1. Usability data: Create@School.

This section presents the usability evaluation of Create@School and the course by answering like/dislike
questions.

How was your experience with Create@School? (very good — very bad)

Figure 4.27 illustrates students’ opinions per answers. The percentage of female students (orange)
who rated the experience as “good” was 29% (38), and the percentage of male students (cyan) account
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for 21% (27). The answer option “bad” was chosen by 13% of the girls (17) and 14% of the boys (19).
In general, girls rated the app experience more positively (mean female = 2.63) their male colleagues
did (mean male = 2.37, but not significantly, t-test: p = .130, α = .05).

Figure 4.27.: Distribution of the answers about their experience with Create@School.

To clarify the motivation for these answers, it is necessary to take a closer look at the created cate-
gories of the open-ended questions:

What did you like the most?

The answers of the participants describe their positive impressions about the Create@School ex-
perience. Answers could be classified into five different categories: “working process”, “the app”,
“the results (their game)”, “organization”, or “others”. The distribution of the answers among the
categories can be seen in Figure 4.28. This time a Mann-Whitney U test was performed.

Figure 4.28.: Categorization of the positive impressions during NOLB. Note that one answer could
contribute to two categories, for instance the feedback “the finished products + the facil-
itators” contributed to both, “results” and “organization” categories.

The category “working process” contains feedback about preferred actions (e.g., I like to program,
to play the game, to design), or properties of the school units (e.g., having a freedom of choice, that
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we could be very creative). The largest statistically significant difference between the responses of
male and female participants was observed for this category, namely 26% of the girls (36) and 13% of
the boys (18) provided positive working process related feedback (z = 2.402; p = .016, α = .05). The
category “app” contains the answers mentioning the experiences directly connected with the app itself,
e.g. “the simplicity of the app”, or “the different effects and backgrounds”. Male students seemed to
be significantly more positively impressed by the app than girls were (z = -1.969; p = .049, α = .05). A
number of 8 girls and 20 boys evaluated the app qualities as positive. Some students were especially
satisfied with the results of their work or the concept of game creation, and the category “results (own
game)” contains this type of feedback. For instance, “the results and how everything turned out”, or
“I liked the idea of creating a game” demonstrates this feedback. Of the girls, 9% (12) and 11% of
the boys (7) were satisfied with the results or their personal game. The answers from the category
“organization” highlights feelings about how the unit was structured. This includes if students were
enjoying teamwork or solving the problems on their own, the presence of external people (facilitators
of the workshop), usage of tablets during the school units, etc. It was noticeable that students in the
younger age group of 12 - 14 years old were very excited about using the tablets during the school
units. Typical responses for this category were, e.g., “to work in a team with your friends”, “when
you (the facilitators) explained to us how the app really worked”, “that we had our own tablets”. The
same number of the male and female participants’ feedback falls into the category of “organization”
with nine responses from boys and from girls. The replies that could not be clearly classified into any
of the described categories above were summarized into the “other” category. For example, answers
with no clear message, or containing feedback connected to a particular game or classroom setting,
as well as such responses as “nothing” or “everything”. There were two such responses from male
students and two from female students.

Next, we will take a closer look on the categories “working process” and “app”. The category
“working process” was divided into six subcategories: “designing”, ”creativity”, “playing”, “freedom
of choice”, “programming”, and “other”. Figure 4.29 shows the distribution of the responses.

Figure 4.29.: Detailed overview of positive impressions category “working process”.

The subcategory with the name “designing” summarizes the feedback related to drawing, taking
pictures, personalization of the characters, etc. For instance, “drawing our pictures” or “creating
the characters” fall into this subcategory. There were 32% of the girls (17) and only two boys who
identified design related activities as the essence of their positive experience (significant: z = 2.151; p
= .032, α = .05). The subcategory “creativity” represents the feedback praising the creative side of the
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school units, for instance, “you could be very creative”, “you could do almost any game you wanted”.
A total of seven female students and two male students evaluated creativity as the positive aspect
of the Create@School experience. A total of six boys and three girls stated that they considered
“playing” as a positive experience. Answers like “you were allowed to play” were typical for this
subcategory. No constraints in choice or actions were valued by two boys and five girls. These
responses were summarized within the subcategory “freedom of choice”. A representative statement
for this subcategory was “That you could do whatever you want”. There were four boys and two girls
who enjoyed the programming process itself. Typical responses for the subcategory “programming”
were “programming the rocket” or “programming by ourselves”.

The category “app” was divided into four subcategories: “Lego®-style bricks”, “features”, and
“design”. The distribution of the feedback can be seen in Figure 4.30.

Figure 4.30.: Detailed overview of positive impressions of the category “app”.

None of the girls but six boys stated that they were pleased about the LEGO-style bricks in Create@School.
Although the number of answers is too small to be significant, the insights are interesting. The re-
sponse “brick system” was representative for this subcategory. A total of nine boys and four girls liked
the “simplicity” of the app. Feedback included “it was relatively self-explaining!”, or “components
are easy to understand”. The subcategory “features” consists of answers like “the different effects and
backgrounds” or “variables were available”. Four boys and two girls contributed to this subcategory.
Equally, two of each gender liked the design of the app.

What did you like the least?

The answers to the questions were the basis for the negative feedback evaluation. Note that some
students responded with everything was fine (6) and some did not give any answer to this question
(10). Figure 4.31 categorizes the negative impressions about the app and the school units.

159



Chapter 4. Evaluation of NOLB Activities and Create@School in Austria

Figure 4.31.: Categorization of the negative impressions about the app and the school unit. One an-
swer can contribute to two categories, for instance the feedback "It was too complicated
and it took too long to finish the game" contributed to both the “organization” and “com-
plicated” categories.

The category “app” consists of the feedback related only to the Create@School app, for example,
“it looked kind of tacky, complicated, confusing”, “the axis of the screen”, or “it was buggy”. There
were 33% of the boys (41) and 17% of the girls (21) who provided this kind of feedback (significant: z
= -3.372; p = .0007, α = .01). Responses such as “it took too long to finish up the game”, “introduction
of the app was boring”, or “the instructors were not able to explain everything to us” about the unit
were summarized into the category “organization”. There were 8 boys and 14 girls who gave this kind
of responses. The feedback of the contents of the type “I found some things complicated”, “make it
simpler for people that are not technical”, or “we needed a lot of help” were summarized under the
category “complicated”. There were 21 girls (17%) and only 2 boys who gave this type of feedback
about their experience with Create@School. The replies that could not be clearly classified into any
of the categories described above were summarized into “other”, for example, the answers with no
clear message, or complaints about the devices and other apps. A breakdown of the category “app”
into subcategories can be seen in Figure 4.32.
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Figure 4.32.: Detailed overview of negative impressions of the category “app”

The subcategory “buggy” contains the feedback about the app behavior that students considered
as bugs, responses about slow performance, and mentions of app crashes. 32% of the boys (23) and
only 8% of the girls (6) gave this type of feedback about the app (significant: z = -2.73; p = .006,
α = .01). The representative answers for this subcategory were “Create@School crashes ALL the
time”, “It sometimes stopped, didn’t always work smoothly”, or “it took AGES to load”. Seven boys
and one girl stated that the app lacks structural clarity, and is confusing, e.g. “the app totally lacks
the structure”, or “some things should be easier to find”. These answers were summarized within the
subcategory “confusing”. Nine girls and eleven boys complained about the complexity of the app
(subcategory “complicated”). Comments characterizing the subcategory “unattractive design” were,
for example “the design is rather boring”. The subcategory “other” contains all other responses that
were related to the app, e.g., missing features (“the axes of the screen should be like in Scratch”) or
more general feedback such as "it took some time to get used to the program".

4.3.3.2. Further usage: Create@School.

The last question of the feedback form was:

Have you used Create@School in your spare time/outside school? If no, why?

Out of 131 students, 18.27% used the app outside school, four of them being girls and 20 boys.
There were 80.85% of the total number of students who did not use the app in their free time. Fig-
ure 4.33 shows a pie chart, which is compromised of the reasons why students did not use Create@School
or Pocket Code in their spare time.

161



Chapter 4. Evaluation of NOLB Activities and Create@School in Austria

Figure 4.33.: The overview over the reasons for not using Create@School in spare time.

The main cause for 46.6% of the students (44.4% boys and 4.2% girls) was the lack of motivation,
typical answers were "I don’t want to" or "I have better things to do". None of the boys but 11 of girls
answered that they did not know about the app. A percentage of 11% (boys) and 21% (girls) answered
that they do not have enough time to use the app, and representative response was "I don’t have much
spare time". A number of five males as well as 13 female students stated they did not like the app,
representative answers for this reason were "I didn’t like the app so much" or "I’m not interested in it".
None of the boys but seven girls said they do not like programming; typical responses were "Because I
am not so technical", and "I personally don’t like programming". There were eight girls and two boys
who stated that the app is too complicated, for example, "It is too hard and complicated/confusing" or
"It would be too complicated to make a game alone". The category named other with 16.63% of all
responses contains the answers that cannot be generalized or were not clearly formulated, e.g. "I want
to do "actual" coding" or "because it is not my thing". Ten students (five girls and five boys) could not
use the app at home, because they either did not have an Android device or were not allowed to install
apps on their own.

4.3.3.3. Discussion: usability evaluation.

The results of the UX experiences with Create@School showed many interesting responses and helped
the author to shape future workshops. Significant differences between the answers of female and male
students can be noticed. For the discussion section, first the results of Create@School are summarized
and next they are compared with the results from the UX test of Pocket Code (see Section 4.2.3).
Overall, the answers about likes and dislikes can be clearly separated by gender. On the one hand, fe-
male students significantly preferred the aspects of the Create@School units (“working process”) and
mostly related to design activities, but did not mention the programming aspect explicitly. Negative
impressions from female students concentrated more on the organization of the units or on the level of
complexity, and less on the app itself. On the other hand, male students mentioned app related aspects,
like programming and Create@School’s simplicity, as positive impressions significantly much more
often than the units. Their dislikes significantly concentrated on the app, e.g., that it was buggy. This
reflects the complaints of only six girls. Surprisingly, answers from girls also included that they did
not like coding at all, whereas this was not an answer given by boys. A very positive aspect could
be seen in that 24 students used the app in their free time as well. Here, the answers again are very
different between the groups. Whereas girls mentioned most frequently that they had no time or didn’t
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like the app, boys simply felt not motivated to use it. Surprisingly, answers from girls also included
that they did not like the coding at all, whereas this was not an answer given by boys.

Results which refer to the units themselves are mostly concurrent with the results of the UX test
of Pocket Code in Section 4.2. The comparison between Pocket Code and Create@School shows
that this time, the target group mentioned no missing features or functionality. In contrast, with
Create@School, the learning aspect of the app was not a topic. However, low performance and high
error rate of the app is still a serious issue, but seems to have been more problematic for the male
students. Possible reasons are again that boys are more used to utility apps (“tools”) and game engines
than girls are (see Section 2.4.1.5). With Create@School three times as many students are using the
tool in their spare time as well. Reasons for not using the app were once again very similar (no time
or interest, device related, etc.).

To conclude, there are statistically significant different aspects which are more important for girls
than for boys. In the literature review (see Section 2.4.1.2), the author already described that CS
lessons are mostly constructed to suit the interests of males. However, this evaluation shows that the
working process and the sequence of the units are particularly important for engaging female students.
Thus, for them not only is the tool essential but the learning environment as a whole, as well as the
ability to express their own interests, e.g., through designing and creative activities.

Based on these statistically significant results and our analysis of the existing literature (see Sec-
tion 2.4.2), the author started to design suitable learning environments for girls, particularly focussing
on aspects of gender sensibility and awareness. These results are part of the last chapter.

4.3.4. Focus group interviews.

Focus groups are a research method in which the target group discusses a particular topic stimulated
by an input and supervised by a moderator (Krueger, 1994; Hennink, 2014). Focus group discussions
can thus be used for a wide range of topics, such as product market research. These discussions have
the purpose of elaborating explorative content rather than to confirm hypotheses. The evaluation is
part of the NOLB Delivery 5.4 (Spieler and Mashkina, 2017).

The conducted focus group discussions for NOLB concentrated on the interests and values of stu-
dents at risk of exclusion. Moreover, the team retrieved information about the teenage girls’ game
preferences. Two groups of female students of different ages participated in the focus group after us-
ing the Create@School app. The first interview session was conducted with three girls from seventh
grade aged 12 to 13 years old in December 2016. These girls worked with the Puzzle template during
their arts class (course number 16). They already had previous experience with Pocket Code but did
not use the app outside the class. The girls in this course worked individually on their own puzzle
game, but formed small groups and helped each other because everyone had the same learning goal.

The second group discussion was conducted with five girls aged 16 to 17 in May 2017. These girls
created games with Create@School in context of their computer science class (course no 16). They
coded a game from scratch. They did not had any Create@School experience before these units, but
they were encouraged to use the app during the Easter holiday period to finish their games.

4.3.4.1. Interview data analysis.

The team only recorded the first discussion. For the second discussion, the moderator took notes
only and the answers of this discussion are presented per team (one team with two members: team
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1, and a second team with 3 members: team 2). To learn more about our target group, a second
focus group discussion was conducted after NOLB by the author herself (see next chapter) with the
help of a descriptive content analysis. For the analysis of these data, first, all interview questions are
presented, second, the answers of the first group (seventh grade) are provided in Table 4.2, and finally,
the responses of the second group (12th grade) in Table 4.3 are given.

• Q1: What was especially difficult in Create@School and why? Improvements?

• Q2: Did something strike you as positive?

• Q3: Would you use Create@School outside school?

• Q4: What is your favorite fictional character?

• Q5: What are your game preferences?
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Table 4.2.: Results from the first focus group discussion in December 2016, Grade 7.
# question Member 1 Member 2 Member 3

Q1

Coding this time was easier for her but
she definitely needed the guidance of
the NOLB team. She said it would help
at the beginning to see how it should
look like at the end. Overall, she likes
to draw and use her own ideas/graphics
but she defines herself as not a professional
designer. Thus, it often occurs that her
artwork does not look like she expected.
She mentioned that in the whole class there
are just 2-3 people who she considered as
good artists. Thus, it was frustrating to
see her kind of “baby” artwork compared
to theirs.

It was difficult to understand the
structure and the connections
between the needed concepts (e.g.,
to understand what the variables in
the templates are needed for). She
thought: “What am I doing here?”
It would help her to get more
tutorials and descriptions of the
steps (e.g., what are variables at
all, etc.). She suggested that when
creating a new game it should be
possible to first, choose a topic,
e.g., Harry Potter. As a result, the
game has all the needed assets
from the media library to that
special topic, e.g., backgrounds and
characters.

She did not mention the
scripts at all.

Q2

The template was very easy to expand
and especially the upload to the
community page was simple. She
appreciated the level of freedom of
choice (to add own screens, etc.).

It was easy to add new looks and to
drag the right bricks. She liked that
she was able to add her own start,
instruction and end scene images.
In the future, it would be great to
add sounds and her own voice to
the games.

She said that the app was
much faster this time. It
was easy to use the
backpack function of the
app.

Q3
No.She considered her knowledge of
the app as not deep enough to be able
to create something on her own.

It will become boring with time. In
“normal games”, one has challenges,
difficulties, and levels
to keep the motivation high.

She said, such apps
are for "internet freaks”

Q4

She really likes the movie “Sing”
because it states that everybody can
do whatever he/she wants to. She
likes the story.

Harry Potter (“He is the best”). She
likes the whole movie because it
displays compassion.

She mentioned Elsa (from
“Frozen”) with no special
reasons.

Q5

Mario Run
She preferred “Action” games but she
also likes the idea to change the
appearance of the surroundings
or characters themselves (like in “Sims”).

Crossy road
She preferred “Skill” games but
also appreciated creating
something on her own or
personalized games (she mentioned
as an example to use different kinds
of curtains for the puzzle template).

She does not play games
but her sister who is one
year older plays “Minecraft”.
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Table 4.3.: Results from the second focus group discussion in May 2017, Grade 12.
# question Team 1 (2 members) Team 2 (3 members)

Q1
One girl already had Scratch in the programming
course the year before, thus the team did not
have any special difficulties using Create@School.

This team had difficulties with the division of the tasks
and merging of the scenes (different levels).

Q2 The girls said that it was easy to create their own
games from scratch.

This team said that it is relatively easy to use for people
without programming experience.

Q3

The girl who did the programming could imagine
using Create@School in her free time. She also
spent time in the holidays programming the game
for the class.

Two of three girls were ready to use the app in their
free time; one of them used Create@School but could
not succeed due to the diversity of the scenes created
by the team members.

Q4
Both girls mentioned movies and characters from
mystery and adventure genres, romance as a
genre received a negative reaction.

These girls showed a lot of enthusiasm about “Harry Potter”
characters and movies. The “Lord of the Rings” movie was
discussed in detail, but only one girl called herself a fan.

Q5

This group mentioned diverse games with
completely different scenarios,and genres without
obvious common patterns, like massively multi-player,
online games (MMOG). One girl said that she prefers
PlayStation and plays Battlefield. Another girl plays
“Candy Crush” in her spare time

Two girls mentioned strategy games in which the player
has to build their own environment; one of them mentioned
“Clash of Clans” and “Guild of Heroes”, another “Aufstieg
von Berk” (at the same time she also mentioned “Smash Hit”
as the game she started playing recently).

4.3.4.2. Discussion: focus group interview.

The focus group interview showed, that the template in the first group was received well. On the one
hand, they do not describe the units as complicated but on the other hand, they were left with many
open questions (e.g., “Why did we change the variable with the name “look number” to value 5?”).
Therefore, they would appreciate more general instructions to the template at the beginning or to see
how it would look like at the end. The whole group talked a lot about how to make the app more
attractive, e.g., by allowing downloading whole media packages specific to one topic, or by allowing
more changes/personalization within the templates. All liked the idea of creating their own worlds
with self-designed characters and action/skill game genres.

The second group talked a lot about possible themes for game coding lessons. Thus, the movies
Harry Potter and Lord of the Rings were discussed as well. In addition, they also mentioned that
they prefer to customize the gaming world and adapt it to their needs. Many of these ideas have been
considered for the Adventure RPG template, which was developed in April 2017. In fact, Harry Potter
still seems to be an interesting topic for the youth (2016 was the year of 20th anniversary of the Harry
Potter books). That is why the theme choice for the first Girls’ Coding Day in Summer 2017 was
“This is where the magic happens!” (see Section 6.2).

4.3.5. Evaluation of pre-defined templates.

For the assessment, two templates out of 13 (see Section 3.4.2.2) are evaluated in more detail. First,
the Physics Simulation template is analyzed in its ability to test the efficiency of the templates in
general and to compare games created based on a template with games created without a template.
The second template analyzed is the Adventure RPG template, which was developed especially for
female students based on the focus group discussions (see Section 4.3.4), and the literature review (see
Section 2.4.2.4). To begin with, the overall usage of the templates during NOLB will be presented.
The evaluation was part of the NOLB Delivery 5.4 (Spieler and Mashkina, 2017) and part of the
authors work in (Spieler et al., 2017).
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To accomplish this, the data tracked within Create@School (see Section 3.4.2.4) were analyzed.
Data were collected between October 2016 to June 2017. The data were scanned for the event
“useTemplate” through all pilots. The tracked data show that the event with the name “useTem-
plate” was logged 419 times. This means 419 games were created based on a template. Furthermore,
the event with the name “createProgram” was logged 623 times in all pilot schools, which means
these programs were created without the use of a template. The setup of the school units in which
the templates were used was very similar throughout all countries. Therefore, the class teaching strat-
egy was broken into three main sections: the Starter, Main Learning, and Extension (plenary). The
Starter includes a debug or basic coding activity to support the learning, but it was the Main Learning
section where students started coding, predominantly independently. In Austria, the pre-defined tem-
plates were used in five coding courses (course numbers 10, 11, 15, 16, and 18, see Section 3.5.2) in
computer science, physics, and arts.

4.3.5.1. Evaluation: Physical Simulation template.

The physics teacher at the Austrian partner school GIBS wished to have a Physical Simulation tem-
plate in order to consolidate the students’ practical knowledge about Newton’s 2nd and 3rd law of
motion. The template was therefore created together with this physics teacher in several sessions be-
tween October to December 2016. Table 4.4 provides details to the Physical Simulation template. It
was the idea of the teacher to provide an extra level for students who were faster and to use rockets as
objects. Before the actual units with this template started, she provided students the content needed
and they created their own paper rockets to conduct real life simulations as well.

Table 4.4.: Physical Simulation template

Topic
Physical experiments with mass acceleration. Applying Newton’s 2nd law of
motion (F=m*a). Playing around with the properties. Extra task: Simulation of
Newton’s 3rd,law of motion (F1 = F2).

Game play

First level: See what happens if you change the force of the first
rocket. The first rocket should reach the finish line. In order to
archive this, calculate a=F/m. Second level: Create an own rocket
and add variables for mass and acceleration to calculate its force.
Third level: See what happens if F1 <F2, F1 >F2 and F1 = F2.
Answer the question of which of Newton’s laws is applied.

Enhancement
by users

Change the force (by tapping on the rocket). Calculate the acceleration.
Add another object with mass and acceleration.

Learning
goal

Learn about Newton’s 2nd and 3rd

laws. Add an own object and program
its behavior.
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Preview:

Figure 4.34.: Physical Simulation template

For the evaluation of this template, the data of two classes in Austria was compared. Both times
the app was used in physics in seventh grade (12 to 13 year old, see course number 4, and course
number 10) with the same teacher and the same amount of learners (25 students). The lesson with the
first class was conducted during the Feasibility Study (December 2015) and the second class had their
lessons during the Second Cycle (March 2017).

Results: Physical Simulation template

After both units a post-questionnaire was conducted with students and an interview with the teacher
was performed, see the results in the Tables 4.5 and 4.6.
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Table 4.5.: Physics project with and without the use of a game template
First class (December 2015) Second class (March 2017)

Number
of units

6 units at 50 minutes:
• 4 starter units
• 2 programming units

4 units at 50 minutes
• 2 starter units
• 2 programming units

Theme

Density of objects and liquids
Formula:
object density <fluid density = item floats
object density >fluid density = item sinks

Newton’s second law of motion
Formula:
force = mass * acceleration

Learning
goal

• Add an object and let it glide
• Set/Show variables to define the properties of the objects
• Apply the formula

Starter
unit

Every student started with a new program.
One adds one-step to the program in front
of the class (see A2). At the end of the
instruction units, every pupil had one
example level integrated for reference.

The class programs one game
together (A1). The finished
program was a simple “ping-
pong” game, which used physical
properties. In the second unit,
everyone used their own devices
and played the first example level
of the template, adjusted the code,
and answered the question after
applying the formula.

Main
learning

Add a new object (personal drawing)
and define its movement and behavior
by adjusting its density.
Apply the formula.

Add own code and a look (picture
of self-constructed rocket) to the
empty object within the template
level and define the object’s
behavior. Apply the formula. Extra
level for students who finished
level 2 earlier (to apply Newton’s
3rd law of motion).

Learner
achieve-
ment

6 of 25 reached the learning goal
16 of 24 reached the learning goal
(one was absent during
programming unit)

Fazit
teacher

The teacher commented that the project
was a little bit too difficult for students.
Some of them had more problems doing
the density program and some were
quite fast.

The teacher said that the project
was very successful. She found
it nice to see the students engaged
and working on their programs.
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Table 4.6.: Summary of the student’s surveys
Questions First class (December 2015) Second class (March 2017)

How did you like
the experience
with the app?

What did you
like the most?

They liked that they could make
their own apps and that they
learned something about coding.

Most frequently mentioned: It
was very straightforward and
simple, the programming of the
rocket itself was fun, and students
liked the possibility to add their
own pictures.

What did you like
the least? Any
suggestions for
improvement?

They mostly mentioned that it was
confusing at the beginning and that
it was very time consuming
to have the first simple steps.

Improvements: more help functions,
tutorials, more tools, less typing.

The most mentioned comment
was that the game to create was
again seen as too complicated and
it was confusing them.

Improvements: to add a search
function for bricks.

Have you used
Pocket Code
in your spare time?

None of them.
Reasons for not using Pocket Code:
no interest, no time, too difficult.

2 used it in
their spare time.
Reasons for not using
Create@School: no interest
and no motivation to use it.

Discussion: Physical Simulation template

Based on the results from 2015, the whole course has been adapted to better suit the needs of the
students. For instance, students received a more general starter lesson about the application itself.
Therefore, the template integrated the idea to let students first change the existing code, thus under-
standing the overall concept of the game template. In the second step, they had to add a similar object
and applying the same concept they learned from the previous level. Therefore, instead of four in-
struction units, only two were needed. The statistical evaluation with a t-test shows that the experience
with the template was significant better than without a template (z -2.539; p = .014, α = .05). The on-
site observations showed that the second class understood how to applying the physical formula better
and solved the physics related problem. In contrast, the first class dealt more with programming/app
problems and most of them did not reach the point of applying the physical formula. Thus, the stu-
dents of the second class felt more engaged, were more concentrated, and more of them reached the
predefined learning goal as a result. It addition, it was seen as very positive that the template allowed
personalization by adding student’s own pictures of their self-constructed rockets.
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4.3.5.2. Evaluation: Adventure RPG template.

The idea and the content for the Adventure RPG template is based on the results from the focus group
discussion with three girls in December 2016 (see Section 4.3.4) and based on the literature review
(see Section 2.4.2.4). For instance, all of students who were asked agreed that they liked to play
similar games that allow customization; one girl also mentioned she enjoyed playing the “Sims”84

because she could customize her own characters. The results in Section 4.2.1.3 show girls favorite
genre: jump’n’run. However, an adventure RPG genre allows for the creation of more well defined
“worlds” and elements of storytelling and narrative characteristics, player character development,
complexity, inventory, etc. (see Section 2.4.2.4). According to the literature, these are all elements
that are important for the target group (see Section 4.3.4). It has also a mini-skill game integrated,
which is the second favorite game genre of our target group (see Section 4.2.1). Table 4.7 provides
the details for the Adventure RPG template.

Table 4.7.: Adventure RPG template

Topic
An adventure RPG game in which the user needs to collect inventory
to build a project. In addition, the user can create his or her own game
character at the beginning.

Game play

Create your own character and choose between different players. Choose
a project and collect items you need in order to build it. Collected items
are in your inventory. You can drop them again by dragging them to the
dustbin. The inventory is restricted. You can only carry 13 items at once.
The dustbin will turn red if your backpack is full. Finalize the project by
tapping on the checkmark symbol. In the last scene you first mix the
different colors and then add them to the painting.

Enhancement
by users

Add your own project and items to collect. You should have at least three
parts that can be mixed together in order to get a new part (e.g., wood,
nail, hammer to make a ladder, which is used to . . . ). Mix the parts to
build your project.

Learning goal Arts: Learn about the color circle by collecting colors and mixing them.

84Sims: https://www.ea.com/de-de/games/the-sims
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Preview:

Figure 4.35.: Adventure RPG template with storytelling and adventure components.

The template was used in May 2017 with a ninth grade class in computer science (see course 11)
over the period of ten school units. In this class were 12 students (6 male and 6 female). Students had
previous experience with Create@School as they had used the app in the arts class in December 2016
(course 7).

Results: Adventure RPG template

One of the goals was to define the general applicability of this template. Therefore, students were
asked to randomly choose a school subject from a list prepared by NOLB team and adapt the template
to this subject. Students applied the template to the following school topics:

• Music: catch different note parts to compose a whole melody

• Math: catch numbers to multiply and get “127” as a result

• Economics: catch either electricity, light bulbs, or power lines to connect the villages with
electricity

• Chemistry: catch chemical elements form the periodic table to build the formulas, e.g., C, H,
and 0

• Sports: build the right item for the sport activity, e.g., a ball for ice hockey, rugby, or basketball
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• Geography: collect the flags of English speaking countries and mix them with the corresponding
continents, e.g., flags of Ireland, England, or India

• Computer science: catch different components of a computer, e.g., CPU, RAM, etc.

• Fine arts: catch material to build a stone figure, e.g., water, cement, or sand

• Nutrition: catch different meals and serve them at the end as a whole dish

• History: build a coat of arms by catching the different parts

• English: catch different chars to set together words in English

• Biology: she was absent in the last unit and did not upload a game

Figure 4.36 presents all created games from the RPG template.

Figure 4.36.: RPG template applied to different subjects.

Before the coding units, the team asked students if they need some graphics from TU Graz design
students. Evaluations from the past (see Section 4.2) showed that that students love to use well-
designed graphics (see also Literature review Section 2.4.2.3). Three girls gratefully accepted this
proposal (for math, arts, and music). See in Figure 4.37 the graphics they needed for their games. They
are available within the Catrobat Media Library but only accessible with Create@School accounts.
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Figure 4.37.: Graphics for the Adventure RPG template (in Create@School).

After the general instruction unit, students were asked to play the example level of the template
to see the general idea of the game. Afterwards, they filled out the first survey to collect their first
impressions. Feedback can be seen in Figure 4.38. Because some of the students were missing during
the units, the total number of survey participants was 10, six girls and four boys. The sample was too
small to determine it statistically as significant.

Figure 4.38.: Feedback about the Adventure Storytelling template level trying out the template level.

During the last unit, students were asked to fill out another questionnaire about their experience
with the template in general. A number of three students (two girls and one boy) found the template
hard to expand. The language of the template was not clear to four of the students (three girls and one
boy) (see Figure 4.39). Six students (five girls and one boy) would prefer to work without a template.
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Figure 4.39.: The evaluation of the Adventure RPG template after the last unit.

In addition, at the beginning of the introduction unit, students were asked to fill out a survey about
their previous Create@School experience. During the last unit, they were asked the same questions
again. As can be seen in Figure 4.40, the results of the second survey are distributed more smoothly
and follow a normal distribution pattern.

Figure 4.40.: Question after using Pocket Code in November 2016 (without a template) and again in
May 2017 (with a template).

Discussion: Adventure RPG template

In the last unit, students presented their games in front of their peers. Only two of them finished the
whole template but many completed all the other scenes (instruction, collecting items, and inventory).
The template integrates many advanced functionalities (cloning, scenes, variables, drag and drop,
etc.) which must be explained first. Before units 3+4 and 5+6, the team prepared a presentation and
explained steps students had to consider, theory, and hints. The team was not present in unit 7+8, thus
this information was missing. In these units, students tried to finish the last scene, but this one was
apparently the most difficult and they were left alone with many questions. With two more units, the
NOLB team expects that almost all of the students would have reached the learning goal. As shown
in Figure 4.38, after playing the example game of the template, the majority of the students were
sceptical if the template could be applied to subjects that were different from fine arts. In the final
unit, only one student (a girl) did not change her opinion (see Figure 4.39). However, four students
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had difficulties finding an appropriate theme for their subject (arts, sports, geography, and chemistry)
and they needed help.

On-site observations showed that many female students were more likely to ask the teacher or the
team for assistance instead of trying out things on their own. They frequently asked the team for a
step-to-step guidance. The team encouraged them to help each other or just to try it out and see what
would happen (this align with the literature, see Section 2.4.2.1). Observations showed that they were
afraid to “break” the template and two students (one girl, one boy) deleted a needed object accidently.
Major problems included a lack of understanding about the structuring of the template and which
scripts were essential. One boy was very motivated and created the whole game at home on his own
as a new program. He was very disappointed as the team asked him if he could also enhance the
template so that feedback could be collected but he was invited to present his own game in the last
unit. He strongly customized the design of the template. Most of the male students worked in teams of
two and helped each other. Female students worked mostly on their own with all six sitting together.
The sample size was very small and in every double unit two students were missing which appears as
a problem because they missed the information presented to program the next scene.

To conclude, this template is already a very advanced one. It is perfect for using at school in ninth
grade but not without guidance and explanation of the concepts. The template allows customization
and can be adapted to different subjects. In order to reach scientific statements about the effectiveness
of the template, a larger sample size must be used in the future. Moreover, it cannot be determined
whether the template is more suitable for female students.

4.3.5.3. Discussion: pre-defined templates.

In general, all templates were mostly seen as easy to understand, use, and expand. For example,
for the quiz template in all countries, students needed time to integrate the first question, but after
they understood the overall concept, they added the other questions very quickly. The challenge for
developing the templates was, on the one hand, to pre-program the templates in an efficient way which
provided students with functionalities to aid the process of building a new game; the templates must
explain the important dynamics, mechanics, and aesthetics of a game (like coding how to reward
the achievements or how to collect points). On the other hand, students should have the freedom to
express themselves in a creative, fun, and dynamic way (e.g., to change images, sounds).

The following challenges could be identified during the use of the templates combined with solu-
tions:
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Table 4.8.: Suggested improvement for the templates
Challenge Solution

students seems to ignore all occurred texts
(e.g., in graphics, note bricks)

instead of text, use graphical hints/graphics

the script view in several objects seems
to be too complex

put scripts students need to understand/adjust
on the top of the script view

naming and amount of variables/
broadcast messages are confusing

refactoring the naming and amount (e.g., more
local variables instead of global)

students have no idea how and where
to start

mark/rename scenes, object, groups, and looks
that should be changed

students find templates too complicated
avoiding long texts in note bricks (just give a
small hint) and trying to explain the tasks
during the game play

students who are faster have to wait for
their colleagues

add extra tasks for them

for every tutorial a description of the shape
of a game needed to be integrated and
explained how to extend it

explain the shape in one general template,
perhaps provide one template that has only
the shape of a game (start, instruction, end
screen) — could be used to program a game
from scratch

provide all templates in portrait and
landscape mode

to create game for both modes requires some
adoptions in the programs, thus the
last four are only in portrait mode.

To conclude, the results showed that the developed game templates encourage learning by doing,
allow the expression of one’s own ideas, and provide a concept that is easy to understand and to learn.
The work to be completed in the future is to estimate the effectiveness of the Adventure RPG template
with a greater sample size, create new templates (e.g., for other physical experiments), and eliminate
the factors that can give bias to the results.

4.4. Results: Games Created during NOLB

In the last sections, students’ experiences with the app and with the workshops were presented along
with their tracked behavioral measurements. Other results which were highly interesting are the sub-
mitted programs of these students. At the beginning the program statistics are illustrated and later the
programs will be evaluated in two ways: Used design elements/pattern (see Section 2.2.1.1) and the
functional evaluation (achievement of the learning goal).

First, a game design analysis has been made with the goal of answering the following questions
in regard to the literature section: What genre/theme did students use? Are their common back-
grounds/characters within the games? Which MDA aspects are fulfilled? From the programming
perspective, it is interesting to observe which sensors have been used to control the characters and
how many bricks/objects/looks and sound have been used etc.? How were the used objects created
(e.g., handwork, from the internet)? Did students integrate the “Shape of a Game” (as recommended
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by the team, see Section 2.2.1.2) and do all games have a goal? For all of these questions the students’
genders are considered as well.

In a second evaluation, the learning objectives defined by the teacher beforehand were measured
against the learning outcomes. The results suggest the optimal conditions under which female students
best achieved the learning goal.

4.4.1. NOLB program statistics.

This section shows statistics of the NOLB programs on the community website. Tables 4.9, 4.10, and
4.11 summarize all uploaded and finished programs per course (should be more or less one per student
or as a group project).

Table 4.9.: Uploaded and finished programs Feasibility Study.

School Course # of students # of uploaded
programs

GIBS

1,2 47 19
3 24 8
4 25 7
5 24 4
6 25 12

Akademisches
Gymnasium

12 29 15
13 21 10

Borg Birkfeld 20 13 6
21 21 10

Total 91

Table 4.10.: Uploaded and finished programs First Cycle

School Course # of students # of uploaded
programs

Akademisches
Gymnasium

14 11 -
15 29 20

Total 20
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Table 4.11.: Uploaded and finished programs Second Cycle.

School Course # of students # of uploaded
programs

GIBS
7-9 75 26
11 12 10
12 25 22

Akademisches
Gymnasium

15 29 25
16 29 23

17, 18 11 15
Borg Birkfeld 22 19 12

Total 133

All NOLB students had a common username and are represented as a new table in our SQL
database. The upload and download statistics from the Austrian students from October 2016 to May
2017 are presented in Tables 4.12 and 4.13.

Table 4.12.: Number of uploads in Austria
Uploads from girls 187 programs
Uploads from boys 222 programs
Uploads GIBS 143 programs (53 m, 90 f)
Uploads Akademisches
Gymnasiuim 140 programs (43 m, 97 f)

Uploads Borg Birkfeld 125 programs (126 m, - f)
Total 408 programs

Used tags

No tag 37 times
Game 224 times
Experimental 74 times
Animation 60 times
Art 28 times
Story 22 times

Table 4.13.: Number of Downloads in Austria
Downloads from girls 92 programs
Downloads from boys 252 programs
Downloads GIBS 88 programs (37 m, 51 f)
Downloads Akademisches
Gymnasiuim 56 programs (26 m, 39 f)

Downloads Borg Birkfeld 191 programs (189 m, 2 f)
Total 344 programs

Although only one class from Borg Birkfeld participated during the Second Cycle, they had the
most downloads and many uploads. This class took part in the Galaxy Game Jam event (see evaluation
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in the next section) and therefore were highly motivated to create a high quality game. Students mostly
uploaded more versions of their own games (after every unit) and mostly downloaded their own games
or the games from their classmates (e.g., to merge it to one big game). But the download numbers
also show some games from the front page of the community website (section most downloaded, etc.)
and some remixes (games that have been downloaded, changed, and uploaded again) were present in
the upload list. Another important observation is that even through more girls than boys took part in
the study, more boys uploaded and downloaded games overall. Boys downloaded almost triple the
number of games as girls.

4.4.2. Game design analysis.

Different types of game analysis exist (Arseth, 2003), e.g., players’ reports, walkthroughs, discus-
sions, observing others play, interviews of players, game documentation, playtesting reports, or in-
terview game developers. For this analysis, the formal elements are the most interesting (Lankoski
and Björk, 2015). For the evaluation of the created Pocket Code games, a form of rapid analysis
method (RAM) has been used to identify the different game elements, the game mechanics and the
goals they relate to (MDA) (Járvinen, 2007). In addition, special characteristics of the programmed
games (theme, genre, goal, etc.) have been analyzed. In detail, the evaluation considered formal game
elements, structure, and graphics of the created games (Konzack, 2002; Jesper, 2007). The following
analysis has been made separated by gender (see Section 2.2.1.1):

• Definition of the used genre, theme, and goal of the games

• Description of the used MDA: mechanics, dynamics, and aesthetics

• Usage of formal elements, e.g., level of control (interaction), visual design, sound design,
restart/end of the game and the “shape of a game” ceremony

• Other design elements: main character, side characters

• Pocket Code specific aspects, e.g., used sensors, amount of bricks, scripts, objects, looks,
sounds, and variables

For this evaluation, only the games, which have been created in lessons that used A2 and A3 are
analyzed (course numbers 1, 2, 3, 5, 6, 7, 8, 13, 17, 22, see Section 3.5.2). In these lessons, students
had a lot of freedom in creating their games and could choose the game elements on their own. In
lessons the team followed A1, students were not able to define game genres, themes, etc. on their own
(they got a framework that helped them to stick to these good design principles). However, they were
allowed to create their own graphics or backgrounds.

4.4.2.1. Results: game design analysis.

Altogether, 77 programs have been analyzed: girls created 37 of the programs, boys 34, and 8 pro-
grams were created in mixed gender teams. The number of programs made in mixed teams is too
small to perform a significant analysis. Thus, games made in mixed groups are not part of the figures
but described in the text. By analysing the games made by boys/girls separately a gender differenti-
ated approaches has been used to trigger a trend. This may can be criticized because “stereotypical”
forecasts are often confirmed by it (Grünberg, 2011). In this case it should build gender awareness
and help in setting up a more inclusive game design classrooms for female students.
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Genre, theme, and the goal of the games

Figure 4.41 shows the used genres/themes of female students and Figure 4.42 summarizes the
genre/themes of games created by male students.

Figure 4.41.: Created games by girls categorized by their used genre/theme.

Figure 4.42.: Created games by boys categorized by their used genre/theme.
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The games created by girls were mostly adventure games, text adventure/storytelling games, puzzle
games, and platform games. None of the games created by girls falls into quiz genre. Games created
by boys were also mostly adventure games, followed by action shooter games, puzzle games, quizzes,
and action games. Boys, in contrast, created only two games that could be considered in the text
adventure or RPG adventure genres. A Chi2-test has been performed to analyze if there is a significant
relationship between the gender and the genre they chose for their games. The results indicated that
the relationship between gender and genre is significant χ2(71) p = 0.008 (α = .05). A comparison
between the adventure genres (text/RPG adventure genre) and the action genre (include the action
shooter genre) showed that female students used the adventure genre significantly more often than
male students did (χ2(71) p = .002, α = .05). The most popular genre among mixed gender teams
was the quiz genre (3). None of the created games were based on the strategy genre or the simulation
genre (e.g., racing). Female students most often used a nature-based theme (43%) and the most
popular theme among male students was space (46%).

A closer look at the underlying goals of the game shows no significant differences between games
from girls and boys. Most of the games of both genders had either the goal of Capture/Avoid/Destroy
(55%), Collection (11%), Solve (9%), or no goal (e.g. in storytelling games or animations, 18%).
“Avoid” is not mentioned in the goals described in 2.2.1.1. Since many games had the aim to avoid,
e.g., objects that were falling down, this action has been added to this goal. Territorial, spatial align-
ment, or building something were never used as goals for any of the games. In addition, 10 of the
games used a restart option (12%).

Mechanics, Dynamics, and Aesthetics

Figure 4.43 provides an overview about Mechanics, Dynamics, and Aesthetics (MDA) used by
gender. The size of the icon correlates with the frequency of the mentions.

Figure 4.43.: Mechanics, Dynamics, and Aesthetics used by gender.

For mechanics and dynamics, female and male students both most often used points as a reward
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(32, female=14, male=17) and levels or lives for status (17, female=7, male=7) in their games (no
significant differences). In addition, four of the games created by mixed gender teams have levels
integrated. Both groups used virtual goods in the form of a virtual shop to purchase goods in one
game, and challenges were used by male students five times and by one female student. Challenges
are provided in the form of bosses or achievement of missions through levels. One program created
by male students used leaderboards in the form of a high-score list for competition at the end of the
game. In mixed groups, levels were used the most often (4) for showing the game status. Together,
five games had both points and levels. Gifting has not be used in any of the games.

The definition of the used aesthetic elements is very objective. What one defines for him/herself as
sensational could be seen as boring for another user. For the evaluation, the game has been character-
ized as narrative if, for instance, an intro is provided, the game has a storytelling part, or explanations
are provided through the game. A number of 10 games created by girls have this property as well
as seven of the games created by boys. In addition, seven of the games created by mixed gender
groups are considered as narrative. Sensation is part of the game if the game surprises the player with
unusual characters or new concepts (female=7, male=2). The game has the aesthetic of fantasy if the
story includes fantasy characters or a fantasy world (female=8, male=4). A game has the characteris-
tics of discovery if missions lead you through a world (female =4). Challenges are part of every game
which follows a goal (see previous section). Thus, it has not been added to the graphic (53). Other
characteristics like fellowship, expression, and submissions are difficult to integrate in a game made
with the Pocket Code app and thus they were not used in students’ games.

Formal elements

In total, 40 of 77 games used the “Shape of a Game” (female=23, male=10). Thus, more of the
half of the games have a title, instruction, and end screen integrated. Figure 4.44 shows which level
of control has been used: animation (female=9, male=3), inclination sensor (female = 15, male = 18),
buttons (female = 3), when tapped property (female=14, male =10), or the use of physical properties
(female= 1, male = 10). To conclude, both genders used mostly the inclination sensor to control their
characters, or the story is continued by the “When tapped” property. Male students used additional
physical properties to control their objects, and girls used buttons for movement. The analysis of the
Chi2 test shows that there is a significant relation between the gender and the level of control χ2(71)
p = 0.004 (α = .05).
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Figure 4.44.: Level of control of games made by girls and boys.

Another interesting question was how the graphics were created. The behavioral assessments (see
Section 4.3.2), already show that many of the graphics were either painted in Pocket Paint or imported
from the device (see Figure 4.45). The inspection of the programs shows that many of the imported
pictures were handmade artwork which were photographed (female = 19, male = 9) or made by
students as a whole in Pocket Paint (female = 8, male = 9). Male students mainly used pictures from
the internet for their games or utilized the predefined graphics from the media library. In addition,
some of the programs made by girls had self-made graphics drawn in Photoshop (3). Games that have
photographs integrated showed pictures of the students themselves. In mixed groups, the artwork was
either handmade or Pocket Paint was used (4). A performed Chi2 test showed that overall female
students made significantly more graphics on their own (artwork, Photoshop, Pocket Paint) than male
students did (Internet, Media Library), χ2(71) p = 0.030 (α = .05).

Figure 4.45.: Source of visual design: boys’ and girls’ games.

In regard to sound design, only 24 games used sounds (31%) in total. 15 games made by boys used
sounds (2 used their own recordings, 5 used sounds imported from the device, and 8 imported from
the Catrobat Media Library). In games made by females, 10 sound files were found (3 used their own
recordings, 1 used files imported from the device, and 6 borrowed from the media library).
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Game characters (design elements)

A range of different graphics from different sources were used. For this evaluation, first, the main
character and second, the side characters were assessed. Figure 4.46 shows the main characters used
in games made by girls. Most games had animals as main characters, like a dog or a penguin (13),
or fantasy characters (11), like a fairy, monsters, or a mermaid. None of the games made by female
students had a main character which could be characterized as transportation. In contrast, games
made by boys mostly (see Figure 4.47) consisted of main characters that represented the category of
transportation (12), like spaceships (8), rockets (3), and UFOs (1). A number of six programs made by
boys had male main characters. Only one game made by boys had a female character (it is a woman
who balances a bucket on her head). Examples for main characters in mixed teams used mainly male
characters (4) or animals (e.g., a raccoon or a dog).

Figure 4.46.: Used main characters in games made by girls.

Figure 4.47.: Used main characters in games made by boys.
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In addition, a number of side characters are used within the games. A number of 8 games made
by females used animals as side characters. Examples are a seal, a cat, or a snake. In addition to
fantasy characters (7, e.g., angel, snowman, zombies) many food characters were also used (8, e.g.,
donuts, carrots, or peanuts). Side characters used by boys were mostly space stuff (13), e.g., meteors,
asteroids, stars, or planets, or items (8), e.g., a football or coins. Mixed gender groups used mostly
animals (3) for side characters.

A wide range of different backgrounds has been used. The backgrounds used are mostly comple-
mentary with the theme of the game, thus they are not described in detail.

Pocket Code specific aspects

Finally, all created programs have been analyzed according to their number of scenes, scripts,
bricks, objects, looks, sounds, and global and local used variables (see Table 4.14). This was done
by the use of the Catrobat sharing platform’s code statistic. The mean value for each element of all
programs was calculated and analyzed by using a t-test. The results were also not significant in the
means of the numbers of objects in the games (p = .401, α = .05) but the mean is still interesting:
female students used an average of 24 objects in their games, whereas male students used only 11
objects on average.

Table 4.14.: Code statistics NOLB programs.
female students male students

number of scenes 2.44 2.79
number of scripts 23.97 24.09
number of bricks 120.89 133.63
number of objects 23.89 10.66
number of looks 12.78 14.22
number of sounds 3.16 1.44
number of global variables 3.62 3.81
number of local variables 1.03 1.66

4.4.2.2. Discussion: game design analysis.

The game design analysis shows many interesting issues regarding the different game design pat-
terns of female and male students. The literature review (see Section 2.4.2.4) as well as the play
behaviour evaluation from the Feasibility Study (see Section 4.2.1) and the focus group discussions
(see Section 4.3.4) builds a coherent structure with the results of this chapter. This means that fe-
male participants not only say that they like to play adventure games, jump’n’run games, or puzzles,
they also create significantly more games of those kind of genres. In contrast, boys more frequently
mentioned sports games or strategy games, but created significantly more shooter games and puzzle
games. However, both genders created a lot of adventure games. A possible reason could be that it is
the easiest way to program a game in Pocket Code by using the “When tapped” brick or the inclina-
tion sensor (see Section 3.3.2), and these kind of games are mostly characterized as adventure games.
In addition, girls used several kinds of adventure genres (RPG, text adventure), in contrast to boys,
who more frequently used the default adventure genre. The chosen themes of the games show more
“stereotypical” choices between boys and girls, but also reflects assumptions from the literature (see
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Section 2.4.2.4). Girls mostly preferred nature themed graphics (woods, fields, sea, winter, sky, etc.),
whereas boys chose more space, fantasy, and realistic themes which also suited the action shooter
genre. As presented in previous sections, female students spent much more time with creating their
artwork. This is also visible in the results of Figure 4.45, which shows that girls used significantly
more handmade artwork and boys used significantly more graphics from the media library or the in-
ternet, or in the design of their main characters (see Figure 4.46 and Figure 4.47). Moreover, the
used MDA shows that students of all genders know how to integrate mechanics of points, levels, and
challenges for the player, but for female students aesthetics are more important than for male students.
Games created by girls used more elements of narrative, sensation, and fantasy than boys’ programs.

Figure 4.48.: “Tiny Troubles” and
“Galaxy Battle” are
games made by boys,
“Eat Me” and “Wer ist
der Mörder” are games
made by girls. “Barock
Quiz” is a joint program
of all games from course
number 16 (puzzle
template).

To conclude, this analysis once again highlights how im-
portant it is that female students get enough time to cre-
ate their artworks and build up the concepts that drive their
gaming worlds (see Section 2.4.2.3 and Section 2.4.2.4),
whereas the programs of boys are more function-oriented.
In detail, boys focused less on creating sophisticated graph-
ics, but struggled more with functional aspects (this is co-
herent with results of Section 4.3.3) and the code, e.g.,
they used physical properties (see Figure 4.45) to control
their characters which was a relative new feature released
in Create@School (feature discovery see Section 2.4.2.5).
However, the last table (Table 4.14) shows that there are no
significant differences in the scope of the programs (accord-
ing to used bricks, variables, etc.).

Since the number of programs made in mixed teams (8)
is too small, no significant analysis of game design in mixed
gender groups can be made. The question remains how re-
sponsibilities were divided in mixed gender teams. Obser-
vations showed that in those teams it frequently occured that
only one or two people were responsible for the whole game
(this was not dependent on gender).

At the end of the NOLB study, the team chose five games as featured games for the Create@School
app. These games are illustrated in Figure 4.48.

4.4.3. Functional game inspection: learning goal achievement.

During the NOLB project, the team rated student’s programs in regard to their learning goal achieve-
ment. For this assessment, the author analyzed the optimal conditions under which girls achieved the
learning goal. Therefore, this analysis should answer the following research question: Which class
setting is the most promising for girls to reach the learning goal? The outcome of this analysis will
influence Research Question 1 and 2 (see next chapter). The evaluation of the learning goal was part
of the authors work in (Spieler, 2018).

For the evaluation, the author considered the subject and grade in which the apps were used, the
group composition and size, and differences in the teaching approach (using pre-coded templates or
no templates).
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4.4.3.1. Methodology for the functional program inspection.

To answer the research questions, a multivariate testing technique for validating the hypothesis with
multiple variables was used. With this method, it was possible to determine which combination of
variations performs the best. The conjecture was that there are some combinations which are directly
related to achieving the learning goal and that they differ between girls and boys. The number of con-
versions was defined as the number of students who achieved the learning goal, and some independent
variables were defined, as described below.

Conversion rate: learning goal achieved

The analysis reported for this analysis investigates the finished program per student. The sample
size of finished and submitted programs through all cycles compromises in total 400 programs. (Note:
Students who were in the same groups submitted the same projects (including all games, also that
created with A1). For the summary, the finished program was counted only once per group.) To ensure
the quality of the programs, the team defined learning outcomes per course together with teachers
(see Section 3.5.1. Learning outcomes have been defined based on education didactics (Hubwieser,
2007), which expect that a learning goal consists of three parts: action, content, and condition (see
Figure 4.49 as an example).

Figure 4.49.: Example: Definition of a learn-
ing goal.

To conclude, each student’s work is rated whether
the learning outcome has been achieved or not. Thus,
the observations fall into one of two categories of a di-
chotomous dependent variable based on one or more
independent variables.

Variables

The following variables were noted per student:

Year/grade: For the evaluation, the author sum-
marized “students lower grades” to represent students from sixth grade to seventh grade and assigned
“students higher grades” to represent students from ninth grade.

Subject: As already mentioned in Section 3.5.2, Pocket Code was used in physics (amount of
students n = 109), computer science (109), arts (184), music (20), and English (49). The learning goal
for arts and computer science was strongly aligned with the constructionist learning theory. In these
courses, students designed new games from scratch by considering game mechanics, dynamics, and
aesthetics (see Section 2.2.1.1). In physics, music, and English, the learning goal was also linked to
the subject itself and therefore considered as more interdisciplinary.

Approach: The approaches are the same as described in Section 3.5.1. (A1: template/framework,
A2: learning-by-doing, A3: hands-on/freestyle). For this evaluation, A2 and A3 are summarized to
A2 because in constrast to A1, both have a more learning-by-doing approach in common.

Group constellation: As described in see Section 3.5.2, the amount of group members varied
from 1 to > 4 members per group. A number of 130 students worked individually and 271 worked
in groups. Students were allowed to choose their coding partners on their own independently of their
gender. Thus, in the study there were 137 females who worked together in groups, 103 males who
worked together, and 31 students who worked in mixed groups.
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Cycle: During the Feasibility Study and the First Cycle, students used Pocket Code. Within Second
Cycle the team used often A1 (pre-coded templates) and all Create@School instead of Pocket Code.

An analysis of the uploaded programs was performed to determine if statistically significant factors,
which determined the reaching of the learning goal could be noticed.

Hypothesis

The hypotheses were defined in reference to the literature review (see Section 2.4.2). Thus, the
author assumes the following:

• Hypothesis 1: Female students from lower grades (sixth grade, seventh grade) are more likely
to reach the learning goal (since they are more interested in ICT/games or are more impartial;
see Section 2.4.1.4)

• Hypothesis 2: Female students are more likely to reach the learning goal in interdisciplinary
courses (if they use coding in physics, music, and English rather than in computer science or
arts; see Section 2.4.2.1)

• Hypothesis 3: There is a correlation between the achievement of the learning goal and female
students in connection to the used learning approach (A1 and A2; see Section 2.4.2.1)

• Hypothesis 4: Female students are more likely to reach the learning goal if they work collabo-
ratively in groups with other girls. (see Section 2.4.2.2)

In addition, it was very interesting for us to identify if students benefited from the improved version
of the app, Create@School. Therefore, a final hypothesis has been defined:

• Hypothesis 5: Students of both genders are more likely to reach the learning goal in Second
Cycle with Create@School.

4.4.3.2. Results: program inspection.

Based on the research design, a chi-square (Chi2) was performed to test for the existence of a relation-
ship between the variables and thus to evaluate the hypotheses defined. In addition, a comparison to
boys is given. The results show also the uplift of the conversion rate (positive or negative in reference
to the control group).

H1: Female students from lower grades are more likely to reach the learning goal.

The Chi2-test was performed to ascertain the effects of the age of female participants on the like-
lihood that they would reach the learning goal. Students and their achievement of the learning goal
per grade is displayed in Figure 4.50. The results found age to be significant predictor for reaching
the learning goal in female students, χ2(240) p .0009, α = .01.). A negative uplift level (-30.61%)
indicated that female students in lower grades have a more significant probability of reaching the
learning goal than their female colleagues from higher grades. Performing the same tests on male
students’ programs showed that there is only a marginal correlation between the age of students and
the achievement of the learning goal.
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Figure 4.50.: Achievement of learning goal categorized by grade.

H2: Female students are more likely to reach the learning goal in interdisciplinary courses.

Figure 4.51 shows the achievement of the learning goal in the different subjects. Students had
computer science only in higher grades. No significant difference had been found in girls between
the achievement of the learning goal in computer science or arts compared to the other subjects (not
significantly: χ2(240) p = .075, α = .05). The author performed the evaluation for different age
categories, with the same result (not significantly). The same test performed on male students showed
that there is a significant relation in reaching the learning goal in arts (χ2(160) p = .0019, α = .05).

Figure 4.51.: Achievement of learning goal categorized by subject.

H3: There is a correlation between the achievement of the learning goal and the learning
approach used

A third Chi2-test was performed to ascertain the correlation between the used approach and achieve-
ment of the learning goal (see Figure 4.52). The results indicated that the hypothesis is true, thus the
results are significant; reaching the learning goal was more likely with A1(χ2(240) p = .012, α = .05,
Uplift -24.84%). Performing the same tests on male students’ programs also showed a correlation be-
tween the approach used and the achievement of the learning goal. Here, the results showed a positive
uplift, thus the data are significant with a higher probability of accomplishing the learning goal with
A2 (free programming) (χ2(160) p = .023, α = .05, Uplift +35.55%).
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Figure 4.52.: Achievement of learning goal categorized by approach used.

H4: Female students are more likely to reach the learning goal if they work collaboratively in
groups of girls.

Next, the goal was to ascertain the effects of the group type on the likelihood of reaching the
learning goal. Since only 11 students who worked in mixed groups submitted a program and there are
too few conversions for a test, the author only compared students who worked individually with those
who worked in groups (groups of girls or boys; see Section 4.53). As a control category, the author
used the group type “individual work”. The results were statistically significant: χ2(240) p = .0006, α

= .01. Female participants who worked individually were more likely to reach the learning goal than
their female colleagues who worked in girls’ groups (Uplift -31.52%). In contrast, male participants
were significantly more likely to reach the learning goal if they worked in groups of boys (χ2(160) p
= .0006, α = .01, Uplift +69.9%).

Figure 4.53.: Achievement of learning goal categorized by group type.

H5: Students are more likely to reach the learning goal in Second Cycle.

A last Chi2-test was performed to see in which cycle female participants would be more likely
to reach the learning goal (see Figure 4.54). The results are not significant, showing that girls only
marginally likely to reach the learning goal in Second Cycle (but not significantly, χ2(240) p = .070, α

= .05, Uplift +32.52%). Performing the same test on all students and or only at boys shows the same
result (not significantly).
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Figure 4.54.: Achievement of learning goal categorized by approach used.

4.4.3.3. Discussion: program inspection.

The aim of this assessment was to validate assumptions from the literature on how to empower female
teenagers in coding classes. Based on the significant level and uplift results, the following conclusions
can be made: As expected, female students in lower grades were more likely to achieve the learning
goal (H1). In addition, in on-site observations, the team noted that they showed much more interest
in the app and programming itself; at the same time, they were very careful and insecure in using the
app. For instance, they asked questions like “Am I allowed to click on this button?”, or “What am I
supposed to do next?”. These findings are complementary with the results in H3 and H5, in which
female students achieved the learning goal more easily with pre-coded templates ( and marginally with
Create@School). However, no significant results showing that the subject influences the program’s
completion have been found (H2). All courses were based on game design and problem solving
strategies and had the common goal to create or finish a game within different subjects. Because
games are known to be a generally promising approach to engaging students (see Section 2.2, it
would be more effective to use control groups for testing this hypothesis in the future. This allows us
to verify the positive influence of game-based learning with our app in particular. On-site observations
in classrooms with female students from higher grades showed that they needed motivation that was
more external, and they showed less pride in having their completed program at the end. In contrast to
what is known from literature, no evidence was found that female students reached the learning goal
more often if they worked in girls’ groups (H4). In fact, the opposite was true. The team observed that
female students who worked in groups felt quite stressed during the class. On the one hand, group
work was mostly used in combination with A2. Each group member had to create one level, which
at the end was merged into one big game. Thus, each of them had different problems or questions,
and wanted to finalize her game in time. On the other hand, the team noticed that girls’ groups were
not that effective in dividing their work. For instance, it once happened that every group member
started with drawing the game assets but no one actually coded. This happened mostly in groups of
two (already described in Section 4.2.2. Most teachers noticed this problem and switched from group
work to individual work for the second cycle. If students worked individually but all on the same
problem, opportunities to communicate and collaborate were provided. Some games, e.g., quizzes or
puzzle games (templates), were merged into one big game at the end as well (e.g., merging all the
questions in one big quiz).

In a school setting, there are always some limitations to consider. For example, not all students were
present in all of the units; either they were absent in the last unit and therefore, they did not submit a
program, or they missed too many units. As a result, 70 students were not able to submit a program.
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Another limitation of this study was the different amounts of units. In some classes, students had three
double units at 50 minutes for finishing their projects; in other courses, they used ten double units.
The reason was that teachers from different subjects have different lesson plans they need to cover
during class. For instance, an arts teacher can use his or her lessons more easily for coding games
than a physics teacher can.

4.5. Results of the Pocket Code Game Jams

This section summarizes the results of the two game jam events performed during NOLB: The Alice
Game Jam event (2015) and the Galaxy Game Jam event (2016). The results of the Alice Game Jam
event have been already presented (Boulton et al., 2016; Spieler et al., 2016).

4.5.1. The Alice Game Jam event.

The first official Pocket Code Game Jam event were held two times. First, as a test run during the
European Code Week85 from the 12th to the 18th of October 2015 and second, during the International
Computer Science Education Week86 from the 7th to the 13th of December 2015. The game jam aimed
to engage female teenagers and introduce them to programming in a playful way (Colley and Comber,
2003). The theme for both jams was as already in the workshops before “Alice in Wonderland”87.
This topic could be transferred to different subjects like math or literature. In addition, the theme was
selected because of the female protagonist, the story’s bizarreness which provides a great basis for
creative game ideas.

The first game jam was held using first year computer science students at Graz University of Tech-
nology. This event brought insights for the main event in December 2015 and was part of their
homework submission. Along with the general theme of “Alice in Wonderland”, our surprise topic
was ‘Have I gone mad?’. Moreover, learners could choose a maximum of four of the following diver-
sifiers:

• Using sensors;

• Implementing at least two levels;

• Checking the learning content, e.g., through a quiz;

• Integration of collision detection;

• Using a foreign language.

By the end of the game jam, 200 Alice-themed programs (24% of them from female participants)
were uploaded to the community website and can be found by searching for the hashtag #CodeEU .
The games comprised a wide range of fascinating and entertaining projects. Based on the feedback of
the first game jam in October 2015, the team provided a number of video tutorials. For each tutorial,
a sample game was provided. In addition, several Alice themed assets, tutorials, and guideless have
been created (see Figure 4.55).

85European Code Week: http://codeweek.eu/
86International Computer Science Education Week: https://csedweek.org/
87Alice Game Jam event: www.alicegamejam.com
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Figure 4.55.: Alice themed tutorials for specific game design steps.

Although the theme and the diversifiers where the same, the surprising topic was new: “Time is
running out!”. Posters were sent to all of the schools involved in the NOLB project, with further
advertising through NOLB partners and social media, such as Facebook and Twitter. In addition, the
game jams were conducted together with the MIT Scratch team, the University of Oxford, the British
Library, and Game City. During the second game jam event, the following data were collected:

• Raw data from Facebook, Twitter, and the game jam website;

• Number of submissions and details of those submitting, such as country, gender and age;

• A final survey.

Both qualitative and quantitative data were collected: this included demographic data, motivations
to take part, the theme, amount of time spent with developing the game, whether they worked alone
or in a team, size of team, place where the game was developed (school, home, in transit), diversifiers
they had utilized, the time frame, and how they had found out about the game jam.

Data were collected which suggested interest from over 100 countries either through a game sub-
mission, taking part in a website activity, or involvement with the game jam through social media. The
second time, 95 games were submitted (54.74% Scratch, 45.26% Pocket Code). (All games can be
found at the sharing platform with the hashtag #AliceGameJam 88). Results show that 46.32% partic-
ipants were female, and 44.21% already had some knowledge in programming languages, like C++,
Java, or Python (13), NXT programming (2), in Scratch (3), or Pocket Code (4). The average age of
the participants was 17 years. The 95 project submissions were created mostly at home (62.11%) or in
schools (32.63%). 75.79% of the participants mentioned in the survey that they liked the theme. The
findings indicate that slightly more than half of the submissions (51.57%) were created in small teams
(29.47% teams of two; 4.21% teams of three; 17.89% teams that consisted of more than three team
members), thus identifying the potential for enabling skills, such as sharing, team problem solving,
and cooperation. Games were submitted from a range of different countries (see Table 4.15).

88Results Alice Game Jam: https://share.catrob.at/pocketcode/search/%23AliceGameJam
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Table 4.15.: Number of submissions for the Alice Game Jam event per country.
Country # of submissions
Italy 31
India 20
Austria 16
Spain 4
UK 8
US 3
no country
mentioned

17

Almost half of the participants spent 2 to 7 days working on their program (44.21%) and 29.47%
spent only 2 to 5 hours on programming their games. This shows that the participants were willing
to spend extra time outside of school to program their games. Qualitative comments from learners
indicated that learners over the age of 16, did not enjoy the theme of Alice due to finding it ’childish’,
while 100% of those 16 and under really enjoyed the theme felt that it offered many possibilities.
Reasons why they participated in this game jam included (multiple answers were possible): “I liked
the topic” (23), “I wanted to create a game” (32), “It was part of a school/university activity” (60),
and “My friends participated” (7). Surprisingly, nobody chose that he or she wanted to develop
his or her ability to code. Only two participants mentioned that they were not satisfied with their
outcome. The survey also showed that games were created across different school subjects like math,
language learning (German), or chemistry. Therefore, game jams can be adapted to support learning
and teaching strategies across different disciplines and obviously do not need be restricted to computer
science classes. Learners used a range of diversifiers with sensors, collision detection, and using a
foreign language being the most popular. Thirty-seven learners had used only one diversifier; the
most popular for those using only one was using a foreign language. From the many submissions
of the Alice Game Jam, this section describes three examples. These programs not only followed
the game jam theme but also reflect a range of subjects, such as chemistry, languages, and math.
Additionally, they consider diversifiers, such as collision detection, the use of sensors, checking the
learning content, and integrating the “The Shape of a Game” ceremony framework.
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“Sick Alice”: ID 5237 (Figure 4.56)

Subject Language Gender Age
Chemistry English 2x male 17

Figure 4.56.: Best practice example: “Sick Alice”.

Description: Alice does not feel well, and it is your turn to help her get healthy again by tapping
on the right vitamins. You have to differentiate between water-soluble and fat-soluble vitamins. Be
aware: Time is running out.

“Skater Alice”: ID 5085 (Figure 4.57)

Subject Language Gender Age
Languages English and Esperanto 2x female 12, 13

Figure 4.57.: Best practice example: “Skater Alice”.

Description: This is a vocabulary game in landscape mode. Memorize the words. You can control
Alice with the inclination sensors of the phone. Try to catch the objects from the list.
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“Concurso Alicia plantilla”: ID 5238 (Figure 4.58)

Subject Language Team size Age
Math Spanish >3 16

Figure 4.58.: Best practice example: “Concurso Alicia”.

Description: Alice should try to verify math related assertions, e.g., the perimeter of a polygon is
equal to the sum of its angles. Every correct answer brings her closer to the White Rabbit and every
wrong answer closer to the evil Red Queen.

4.5.2. The Galaxy Game Jam event.

To follow the principles and success of the year before, Catrobat partnered with Samsung to launch
the Galaxy Game Jam event in 201689. The duration of this game jam was much longer: from the
period of October to December 2016 (again during the European Code Week). The topic was inspired
by the partnership with the international company Samsung. This event was an extension of the
previous mentioned coding-for-kids’ roadshow which took place over nine weeks on the main squares
in cities throughout Austria, with morning and afternoon workshops in Pocket Code for school classes.
There were several prizes sponsored by Samsung (phones, VR-glasses, tablets). They served as an
additional external motivator for the participants and schools that had the chance to win a set of
robots for their classes. However, to avoid demotivating any participants, there were no “winners”
or “losers”. Instead, the prizes were given away at random in a raffle, which even gave beginners
the chance to win a device. Special promotion took place at the TU Graz, and all Austrian schools;
however, participation was possible for users worldwide. Again, themed assets and tutorials were
created (see Figure 4.59). Additionally, in preparation for the Galaxy Game Jam event more beginner
steps were explained, e.g., how to install the app and Pocket Paint, how to upload games etc. A lot of
promotion work was done through flyers, banners, poster, pre-events, etc. to address a wide range of
participants.

89Galaxy Game Jam event: http://www.galaxygamejam.com/
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Figure 4.59.: Galaxy Game Jam themed tutorials.

As a result, during the Galaxy Game Jam, 462 projects from 65 countries were submitted, with most
submissions from the US (82), Germany (42), Argentina (22), Poland (20), Italy (16), India (17), the
UK (13), and Brazil (9). Although promotion mostly took place in Austria, more than 75% of the sub-
missions were made by international participants, resulting in a wide range of different backgrounds
and submitted programs. Thus, the game jam was once again a success. 48% of participants stated
that they already had programming experience and 77% had done it at home, 14% at school, and 9%
at other locations. Games were once again uploaded to the community website90. This time, 75% of
participants worked on their game alone, and 10% worked in teams (15% in schools). A total of 90%
of participants stated that they were very satisfied with their submitted games and 98% mentioned
that they liked programming with Pocket Code. The participants were either between 13-16 years old,
or older than 16. Reasons the participants gave for attending the jam were (multiple answers were
possible) “I wanted to create a game” (55%), “I wanted to develop my ability to code “ (36%), “I
liked the topic” (32%), and “My friends participated” (5%).

From the submissions of the Galaxy Game Jam, 10 games have been awarded (5 male, 4 female,
and one who preferred not to say their gender) from the Netherlands, Sweden, Germany, and Austria.
As an example, one game from a female participant from Austria is presented below.

90Galaxy Game Jam page: http://share.catrob.at/pocketgalaxy/
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“Fahrt zum Mars”: ID 15939 (Figure 4.60)

Figure 4.60.: Best practice example (winning game): “Fahrt zum Mars”.

Description: The girl enters the rocket and fly into space. The rocket is controlled by the inclination
sensor of the phone and has to avoid meteoroids and catch aliens.

However, this time only 8% of the participants were females, with 67% of them having no prior
knowledge in coding. This proves that changing the parameters of the event, such as the topic, in-
cluding more challenges by introducing prizes, or additional promotion has no or a negative effect on
reaching this specific target group of girls. In addition, the fact that almost half of the participants
already had programming experiences shows that programming novices are not the main target group
of Pocket Code Game Jams.

4.5.3. Discussion: game jams as a research method.

Both performed events showed that game jams are an effective way to promote coding among teenagers.
The submitted games and data helped us to evaluate the game design behavior of our target group and
to gain further insights into the usage of Pocket Code among them. Thus, it shows that this ap-
proach particularly enables the long term and regular collection of relevant data for research actions.
However, two critical challenges have been identified that question this approach to be of scientific
relevance for our specific target group:

1. Low participation of schools/classes:

Although a number of 48 teachers (63% from Austria, 15% Italy, and 17% Poland) showed their
initial interest in participating with a class during the Galaxy Game Jam (they respond to our infor-
mation request about the jam), only students in 12 classes actually submitted a program. This covered
mostly schools from Austria (nine classes, two from Italy, and one from Poland) with the highest
submission rate in schools TU Graz is already in contact with, like the NOLB partner school Borg
Birkfeld (9 submissions) or program submissions which were all not related to the topic. A lot of pro-
motion specifically targeted schools and teachers, but it did not show the desired impact (most games
were created at home AGJ: 64%, GGJ: 77%). On the one hand, participants in game jams needed a
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lot of intrinsic motivation, as a key factor of game jams (Goddard et al., 2014). Thus, in a traditional
school setting, there is a need for teachers that motivate students in that topic and provide them with
guidance and structure (e.g., introduction, submission day, etc.). Some classes were highly motivated
by the prizes (e.g., a class at Borg Birkfeld with only male students) but also very frustrated at the
end because no one in the class won anything. On the other hand, most teachers were overstrained by
the request to integrate the jam in their school setting. To successfully target schools, it is suggested
that helpful material on how to integrate a game jam school lesson needs to be provided, as well as
guidance and mentoring during the jam to support teachers who never programmed with Pocket Code
before. Help should be provided to give a) support for teachers using gaming in their classrooms for
the first time, b) the creation and subscription phase, c) the coding and uploading phase, and d) the
evaluation and presentation phase of the games.

2. Low participation of female teenagers.

Whereas the number of female teenagers reached 46% during the Alice Game Jam event, this num-
ber rapidly dropped to less than 8% during the Galaxy Game Jam event (number of female participants
= 40). A closer look to the answers of female participants shows: most of them came from Austria
(30%), 13% from the US/UK or Eastern States (Russia, Ukraine), and 45% come from other countries
(Italy, Israel, etc.) or did not mention any country. Most of them were older than 14 years (45%), and
most participated alone (53%) or in a class (30%). Only 13% of the participating girls submitted the
game as a team. The number one reason for participating were “I liked the topic” (13), “I wanted to
create a game” (11), or “I wanted to develop my ability to code” (7). “My friends participated” was
only mentioned by five girls and “I wanted to win a prize” was a motivator for three girls. However,
13 girls did not mention any specific reason for participating. On that subject, it would be highly in-
teresting to ask girls (especially in schools) for reasons why they did not participated at all. According
to the literature review (see Section 2.4.1), female teenagers need more intrinsic motivators than boys.
Thus, providing a challenge and awarding prizes may support a more competitive environment, which
is more appreciated by boys and may in fact disengage girls. There is a high risk of inadvertently
targeting those who are interested in coding anyway and who are already experienced in coding with
such challenges.

In considering what game jams can teach learners about design and programming in creative en-
vironments, it is clear that this playful setting provides an inspiring and collaborative atmosphere.
Although the data support the evidence that learners can be more motivated through game jams,
this concept did not significantly motivate students without any prior knowledge in coding or female
teenagers. Furthermore, in the game jam events, the voluntariness of attending (school project/chose
freely) must be considered. There is scope for future game jams to further test different topics in
engaging all gender. In order to perform successful online game jams on a worldwide scale, a lot of
promotion is necessary through partnerships with companies (e.g, with Scratch), as is the adaption of
Catrobat materials and processes. After the Galaxy Game Jam event, no more jams were conducted
during the period of the NOLB project. After NOLB, the author focused more on game jam events
on a smaller scale, e.g., in Summer 2017 a “Girls Day” was performed at the TU Graz with the topic
“This is where the Magic happens!”, as a result of the focus group discussions (see conclusion chap-
ter). For future considerations, it is still open if the Catrobat team will perform such a game jam
event again, but the author will continue to perform initiatives for girls only based on specific topics
and providing themed assets or example games (see future work Section 6.2). However, these coding
days (or weeks) will not follow the sequence of a game jam, which might be too stressful and not
motivating for female teenagers.
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4.6. Teachers’ Experiences during NOLB

Feedback from teachers has been collected via interviews, on-site observations, and their “diary en-
tries”. This means teachers were told to journalize their lessons and send the team their observations,
and feelings about the lessons. In addition, we had a debriefing with all teachers of the Feasibility
Study in March 2016 (before the start of the First Cycle), and a final discussion round at the end of
the project (June 2017) with all remaining teachers who participated in the second cycle. Since the
focus of this thesis lies primarily in the female students’ experiences, the teachers’ view is described
very briefly. The number of teachers are assigned in Section 3.3.2.2. The evaluation of the teachers’
experience was part of the authors work (Spieler et al., 2017).

The evaluation of the students’ surveys and the teachers’ feedback were not uniform but mixed
throughout both groups (teachers and students), showing points of improvement for the use of Pocket
Code at schools and the style of teacher training and support, preparation of tutorials and lesson
content, and the backing of the courses. Consequently, only seven teachers (teacher 4, 5, 6, 7, 8,
11, and 13) decided to continue with the project during the cycles (FC, SC). Teachers 1 and 2 (who
were both working on the same projects, both with a non-technical background) were disappointed
about students’ outcomes and expected more advanced games from them. As a result, students felt
quite stressed during the course, thus leading to a bad experience for them as well. These two teachers
never programmed with Pocket Code on their own, showed no interest in learning about programming,
and expected students to discover everything on their own, e.g., search for help online. According to
teacher 6, the 15-16 year old students were used to relatively sophisticated games (e.g., World of
Warcraft). With Pocket Code, however, they had to downgrade their expectations and hence, their im-
plementation of the games become less exciting. Teachers 3 and 9, both with technical backgrounds,
were advanced programmers on their own. Teacher 3 had already programmed with Scratch, but at
this time, Pocket Code was not fully Scratch compatible and lacked comfort-functionality, like an
automatic collision detection. Both teachers initially had high expectations towards the app but were
eventually disappointed as well. However, the remaining group of teachers was highly motivated to
work with the app during the further experimental cycles. These teachers had either more than one
class at one time (e.g., Teacher 6), several classes in different subjects (e.g., Teacher 7, and Teacher
8), or the same class in several subjects (Teacher 6, 7, and 8). However, they also said that certain pa-
rameters need to be established in order to guarantee future success of the units. Teacher 6 evaluated
the Pocket Code exercise of his students precisely (Wardell, 2016). His recommendations included
to:

1. Design a well-structured pedagogical framework to avoid an overload of technical complexity,

2. Prepare a hardcopy handbook that promotes the overview of all bricks and their functions, along
with frequently used brick combinations, and to

3. Limit the project duration to 4-5 double lessons in order to concentrate work towards a deadline
and prevent student fatigue with the project.

As a result, the team developed more appropriate teacher guidelines, predefined game templates,
and resources for teaching (see previous sections). In addition, more mandatory trainings for all
teachers were set, as well as one-to-one trainings to prepare specific units. This should allow teachers
to feel better prepared for their lessons by reassuring them that they will be able to conduct their
lessons without assistance, regardless of their technical background.
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During the second cycle, teachers used predefined templates for their courses (teacher 3, 5, 7 and
8). Teacher 6 again used a package of laminated analogue cards of the Pocket Code bricks, first to
translate their composed narratives into coding threads; in a second step, students’ programmed a
game from scratch. Students in the course taught by Teacher 11 started with their own action games.
The feedback and experience of Teacher 6, who did not use a template (but used prepared material for
guidance, e.g., tutorial cards), was very similar to his previous courses during the Feasibility Study
and students again needed a lot of guidance. On-site observations led to the conclusion that students
did not properly define the goals of their games and hence, they lost focus. The rest of the teachers
felt more confident during the lessons due the use of predefined templates or the tutorial cards.

Teachers who used the templates with a given learning goal needed to adapt them to their subject.
On one hand, they needed more time for preparing their courses, or they needed more individual
meetings with the NOLB team. On the other hand, the classroom atmosphere was much more relaxed
because teachers guided students more by focusing on the topic rather than explaining complex pro-
gram structures to them. Most teachers (5, 7, 8 and 13) switched from group or pair work to individual
work. If everybody is working on the same problem, everybody could find a different solution for it.
In this way, we observed that students were able to support each other by working independently
but in small groups, thus feeling more engaged as a result. The observations showed three similar
challenges for teachers:

• their confidence in teaching computer science as a subject,

• structure of the course and defining the learning goal, and

• the issue of having enough technical support in the classroom.

In order to give teachers more confidence and guidance, a hardcopy book as proposed by Teacher
6 has been provided (Grandl et al., 2017) and given to all teachers of the SC for free. These could
help teachers to feel more confident in using Pocket Code in the classroom. All seven teachers (and
Teacher 11) are planning to continue working with Pocket Code after the NOLB project and plan to
integrate Pocket Code permanently in their lessons. At the end of the project in June 2017, a final
meeting with all teachers from the second cycle was held. The purpose was to finish the project,
present results, provide an outlook, and thank the participating teachers and students (who assisted
during the lessons). Teachers 4, 5, 6, 7, 8, 11, and 13 appreciated the support promised during the
next semesters with different Pocket Code projects. The following is planned:

• Teacher 4 continued to use the predefined templates (Spring 2018)

• Teacher 5 will create a new template for a new physical experiment (Fall 2018)

• Teacher 6 continued allowing students to create their own game ideas but with more focus on
fine arts (an example for ideas is to create interactive animations of famous paintings) (Fall
2018)

• Teacher 7 used templates and their games (November 2017)

• Teacher 8 did a game with the Arduino feature (November 2017)

• Teacher 13 did a game with the EV3 Lego feature (but he switched the school and continued
without the help of our team)
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4.7. Summary NOLB

To summarize, this chapter explained important results of the NOLB project. It discussed all relevant
outcomes of the NOLB study regarding female participants and summarized the assessments of the
collected qualitative and quantitative data, tracked events, interviews, discussions, and observations.
Subsequently, the submitted programs were analyzed in two ways. First, based on the design patterns
used and second, regarding the achievement of the learning goal. Finally, the last section of the chapter
presented the results of the teachers who participated during NOLB.

The NOLB project has largely achieved its objectives or initiated corresponding measures during
the period of the projects cycles: The Feasibility Study helped to identify students’ and teachers’
specific needs in regard to Pocket Code in order to get information to the target group and provided
a list of advantages, barriers, and difficulties in using Pocket Code (see Section 4.2). These results
shaped the new app for schools, Create@School, which has been evaluated during the second cycle of
the project. The results show that Create@School was positively accepted (see Section 4.3.1) and that
students were overall satisfied while using the app. The behavior measurements (see Section 4.3.2)
showed that female students were much more creative and active within the app itself in contrast
to their male colleagues. Positive and negative impressions through surveys to Create@School (see
Section 4.3.3) showed that for male students the app is more important and for female students the
workshop setting has a higher priority. The focus group discussion (see Section 4.3.4) helped to
receive new insights regarding girls’ playing behavior, and finally the evaluation of the templates
(see Section 4.3.5) provided feedback for course preparation. Next the author provides insights in
students’ programs that were uploaded during the NOLB project (design patters and learning goal
achievement). Figure 4.61 provides a summary of all NOLB results which are dedicated to female
students.
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Figure 4.61.: NOLB results regarding female students.

The outcome of NOLB, the Create@School app, was a great opportunity to provide schools with a
tailored package of tools and services to help them to integrate coding in their classrooms and to apply
the app for interdisciplinary project work. To support teachers in Austria with the upcoming challenge
to integrate a basic set of digital education (“Digitale Grundbildung”) in secondary schools, three
evaluated templates of the Create@School app have been transferred into applicable lesson plans to be
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used for teachers in regular subjects and they have been provided online for download91. In addition,
in September 2017 an additional dialog has been integrated in the beta version of Create@School with
the option as a teacher or school administrator to request accounts for schools. Since then, 4 teachers
from Austria and 36 teachers from outside of Austria requested accounts (mainly from Russia, US,
and France). Create@School is still a beta version because it has a required login with restricted
accounts. The reason is that this could lead to bad ratings at Google Play from users who are not
allowed to log in. Beta version do not offer any ratings. However, the future of Create@School is
uncertain. At the end of the project in June 2017, the partner company from Spain, which hosted the
BDS client, the Tableau-service, and the SDK for data tracking, went bankrupt. Consequently, the
team has had to remove the SDK from the Create@School source code. The analytics tool and the
aligned visual dashboards were a key component of Create@School to assess students’ performance
and engagement during school coding activities. Although the European Commission Committee
reinforced the team to create a business and revenue plan for the app (see Delivery 6.7 (Beltrán et al.,
2017)) and to search for potential partners who are interesting in adopting this app and its services for
school domains, our efforts were not successful.

However, teachers are a very specific target group with special desires for learning tools. On the
one hand, they need guides, lesson plans, specific and tailored learning examples, sufficient tools and
infrastructures, the technological background knowledge, real time/on-site guidance and mentoring,
and reinforcement and motivation. Moreover, most schools in Austria do not have the money to
buy and host such tools or services. On the other hand, a school environment has many restrictions
like time constraints. Students in a school setting are trained to learn and do things they are not
intrinsically motivated by or interesting in. By adopting playful approaches to schools, not all students
feel engaged, as one expects them to be. It makes a difference if you place such activities in schools or
off school grounds. It matters if students are told to create a game in class for two hours a week over a
long period of time and to tell them that they are going to be given an assessment at the end; or if they
attend an off-school activity were they feel more attracted to the games and create and design their
own apps. It is generally impossible to intrinsically motivate students over a long time period with the
same coding activity in schools, but it is possible to spark their interests with a positive experience
in coding in just a few hours. To conclude, based on the results of all evaluations during the NOLB
project, the author focused her work on how to create playful, engaging, creative coding environments
for use in both schools and off-school environments. The goal is to introduce teenagers to the concepts
and basics of coding in order to spark their interests and show them new opportunities to improve their
lives.

Based on the results of all evaluations during the NOLB project, the next chapter focuses on answer-
ing the research questions of this thesis, which summarizes the activities of the author after NOLB
and suggests guidelines to effectively support female teenagers in coding.

91Learning Lab TU Graz: https://learninglab.tugraz.at/informatischegrundbildung/index.php/pocket-code/
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Given the evaluation of the NOLB project activities (see Chapter 3) and the related literature in Chap-
ter 2, the following Chapter is intended to answer the three research questions, thus presenting the
results of this thesis. After NOLB, the author concentrated her research on how to use the NOLB
evaluation to not only provide female teenagers with coding activities but to tailor the Catrobat ser-
vices to their needs. Research Questions 2 and 3 remained open during NOLB and further research
was needed. First, the author summarized all results about suitable learning environments for female
teenagers (see Section 2.4.2 and NOLB results from Chapter 4 to create a model and guidelines to
help to specify coding activities for any workshop contexts. These guidelines should answer Research
Question 1: How can we organize playful, engaging, creative, and coding activities to reinforce fe-
male teenagers in computer science? Therefore, two courses were organized at our partner school
“Akademisches Gymnasium” which follow the PECC model and guidelines. The results have been
evaluated by using an experimental design to answer Research Question 2: Do girls-only PECC activ-
ities have a positive influence in girls’ performance and intrinsic motivation in regard to coding? To
answer this, a homogeneous classroom design with female students only was used for the experimental
group (the test group). For the second class, the control group was a mixed gender classroom. These
evaluations should serve as a case study for girls-only activities. Qualitative and quantitative data have
been collected via surveys and interviews. Moreover, the whole units were recorded and observed to
see differences in students’ behavior, e.g., asked questions, group constellations, etc. The evaluation
should not only support the argument for girls-only classroom and evaluate the PECC model but also
should provide insights for girls-only activities planned in August 2018 (see Section 6.2).

Subsequently, Research Question 3 has been evaluated: What customizations are necessary in
Pocket Code to foster female teenagers in PECC activities? To answer this, a focus group discus-
sion with two classes of different grades was performed. This discussion first, brought insights on
our target group and suggested names, designs, etc. for the new app; and second, allowed each stu-
dent to make proposals for their desired games. Later, these game ideas were analyzed, designed and
developed together with university design students at University of Applied Sciences in Graz (FH
Joanneum91) in Graz. These games served as a basis for the further developed featured games for
the new version of Pocket Code with the name Luna&Cat to reinforce female teenagers with tailored
PECC tools.

91FH Joanneum: https://www.fh-joanneum.at/
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5.1. RQ1: PECC — A Model for Playing, Engagement, Creativity, and
Coding

Taking cues from the findings from the NOLB evaluations in order to answer RQ1, a new course model
— the PECC model — has been developed using four key fields which have been considered as im-
portant for such activities, and further intrinsic and extrinsic motivators. The model considers aspects
of Playing, Engagement, Creativity, and Coding for an inclusive coding learning environment. These
fields are abstracted into an integrated model that provides teachers or facilitators with important ele-
ments. In the next chapters, two case studies are examined that demonstrate how this framework can
be implemented in a classrooms and to customize tools to validate the models’ applicability.

Concepts for coding classes have been applied to teaching in many areas and research for education
exists broadly (see (Gibbons, 2013; Shi and Shih, 2015)). Their researches focus on basic techniques
and gamified elements, e.g., points or levels, and on game achievements and the use of challenges
and competitionsm (Sheth et al., 2012). For this new model, existing research models like PLE/CPL
and GDBL have been considered (see Section 2.2.2). The GERD model (see Section 2.4.2.5), as well
as important game design elements (see Section 2.2.1.1), and an agile game design process has been
chosen (see Section 2.2.1.2). The literature states that girls emphasize the importance of intrinsic and
social reward opportunities more than young men who are more interested in placing a higher value
on its extrinsic rewards (Microsoft, 2017). Through the literature review in Chapter 2, four important
intrinsic and extrinsic factors have been identified. Those were chosen because they influence the
motivations towards IT/Coding the most, they serve as important predictors for career choices, or they
are important factors to improve coding environments. First, the Tables 5.2, 5.3, and 5.1) presents the
key components of the PECC model. In detail they provide a short description of each component,
related literature, and how to consider them. Second, each component of the model will be explained
in more detail.
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The four key components for coding activities are: Playing, Engagement, Creativity, Coding (see
Table 5.1.

Table 5.1.: Key components of PECC

Playing

Related literature: (Singer and Schneider, 2012; Li and Watson, 2011)
(Chatham et al., 2013; Syamsul and Norshuhada, 2010; Lieberman, 2006)
(Chandrasekaran et al., 2012; Kerr, 2006; Wu and Wang, 2012)
Definition: “Play is freemovement within a more rigid structure”
(Schell, 2008) (see Section 2.2.2)
Provided by: game play, ceremony, developmentand elaboration

Engagement

Related literature: (Papert, 1985; Papert and Harel, 1991; Brophy, 2013)
(Owston et al., 2009; Johnson et al., 2016; Dondlinger, 2007)
(Corti, 2006; da Rocha Seixas et al., 2016)
Defintion: a combination of flow, fun, enjoyment, presence,
or motivation (Filsecker and Kerres, 2014)
Provided by: warm up activities, tinkering, unplugged coding, sharing, collaboration,
experiments, hands on activities, definitions of responsibilities, tasks, roles

Creativity

Related literature: (Ryan and Deci, 2000; Brophy, 2013)
(Kangas, 2010; Kaitila, 2012; Chatham et al., 2013)
(Chandrasekaran et al., 2012; IT Manager Daily, 2018; Kahn, 2017)
Definition: to create something new or valuable
Provided by: structure design, freedom of choice, asset creation, artwork,
tools and practices, stimulate ideas, design, create, available time

Coding

Related literature: (Balanskat and Engelhardt, 2015; Blikstein and Krannich, 2013)
(Proctor and Blikstein, 2016; Kahn, 2017; Mannila et al., 2014; Schön et al., 2014)
(Brackmann et al., 2017; Robins et al., 2003; Or-Bach and Lavy., 2004)
(García-Peñalvo et al., 2016; Lewis et al., 2014; Ildikó Tasnádi and Farkas, 2016)
Definition: to write simple instructions (algorithm) that can be interpreted by computers to
solve problems or create new ideas
Provided by: visual programming languages, mobile devices, structure coding,
system design, new media, guides, starter programs, tutorials, assessment,
performance
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The four intrinsic motivators are: Interest, self-efficacy, sense of belonging, and fun (see Table 5.2).

Table 5.2.: Intrinsic motivators of PECC

Interest

Related literature: (Sadler et al., 2012; Tsan et al., 2016; RTE, 2016)
(Cadinu et al., 2005; Cukier et al., 2002; Gabay-Egozi et al., 2015)
(Zagami et al., 2015; Beyer et al., 2003; Unfried et al., 2015)
(Ochsner, 2015; Monitise Group Limited, 2014; Master et al., 2016)
(Ko and Davis, 2017; Khan and Luxton-Reilly, 2016; Mann and Diprete, 2013)
Definition: want to acquire knowledgeor learn about something.
A feeling of excitement, curiosity or attention to do something (Stangl, 2018).
Provided by: CS education in schools (6th-9th grade), interesting
material and learning goals, templates/frameworks, coding, including real world problems,
problem-based learning, game design, interesting games, playing, classroom design

Self-
efficacy

Related literature: (Smith and Bowers, 2016; Dasgupta and Stout, 2014)
(Cukier et al., 2002; Unfried et al., 2015; Khan and Luxton-Reilly, 2016)
(Eccles, 2007; Lockheed and Harris, 1984; Wolber, 2009; Pajares, ress)
(Castillo et al., 2014)
Definition: refers to a person’s believe in their ability to complete tasks and to
believe that one’s actions are responsible for a successful
outcome (Schwarzer and Jerusalem, 1995).
Provided by: pride, confidence, originality, self- directed learning, computational
and problem based thinking, confirmation, performance

Sense of
belonging

Related literature: (Stout and Camp, 2014; Baumeister and Leary, 1995)
(Walton and Cohen, 2007; Veilleux et al., 2013; Heilman, 1983)
(Master et al., 2016; Cheryan, 2012; Good et al., 2012)
Definition: basic drive for communication, social behaviors, and
adaptation (Grossarth-Maticek, 2002)
Provided by: practical relevance, job clarity, role models/mentors, engagement,
self-expression, pride, inclusion, personal goals, values, loyalty, acceptance, fitting,
classroom design

Fun
Related literature: (Dee et al., 2009; Games and Kane, 2011)
Definition: satisfaction and enjoyment, to be happy with the task (not unsure,
anxious, and helpless) (Giannakos et al., 2014)
Provided by: engagement, collaboration, construct, tinker, playing, games, game
development, positive attitude,enjoyment, happiness
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The four extrinsic motivators are: Inclusion, framework, learning goal, and games (see Table 5.3).

Table 5.3.: Extrinsic motivators of PECC

Inclusion

Related literature: (Braun, 2008; Schmutzhart, 2012)
(Vervecken et al., 2013; Vervecken and Hannover, 2015; Szekeres, 2005)
(Dasgupta and Stout, 2012; Vervecken and Hannover, 2012; Vervecken et al., 2013)
(Vervecken and Hannover, 2015; Sczesny et al., 2016; Horvath et al., 2016)
(Chandrasekaran et al., 2012; Craig et al., 2013; Ramos and Rojas-Rajs, 2016)
(Formanowicz et al., 2015; Hentsche and Horvath, 2015; Horvath, 2015)
(United Nations, 2016; Gleichbehandlungsanwaltschaft Österreich , 2011)
Description: “improving the terms of participation in society, particularly for people
who are disadvantaged, through enhancing opportunities, access to resources,
voice and respect forrights” (United Nations, 2016)
Provided by: warm ups, gender sensitive and aware education, language,
communication, motivation, engagement

Framework

Related literature: (Romeike, 2010)
(Carter and Jenkins, 1999; Games and Kane, 2011)
Definition: material that saves as a support or guide (see Section 3.4.2.2 and 4.3.5).
Provided by: freedom of choice, personalization, customization,
creativity, storyboard, MDA

Learning
goal

Related literature: (Zichermann and Cunningham, 2011; Romeike, 2010)
(Clapper, 2009)
Definition: see education didactics Hubwieser (2007), a learning goal consists of:
action, content, and condition (see Section 4.4.3)
Provided by: interdisciplinary project work, templates, problem solving strategies

Game

Related literature: (Culin, 1975; Deterding et al., 2011; Shi and Shih, 2015)
(Wearn and McDonald, 2016; Pereira and Rodrigues, 2013; Brophy, 2013)
(Sampath, 2004; da Rocha Seixas et al., 2016; Nakamura and Csikszentmihalyi, 2009)
Definition: a voluntary activity binding on certain rules of time
and space (see Section 2.2.1)
Provided by: playing games, game design, game worlds, MDA, genre, theme

The simplified PECC model, defined in Figure 5.1, applies concepts of GDBL, GDFs, GPL and
the constructionists approach. It takes four key components for designing appropriate coding activi-
ties and two methods (learning by creating a game from scratch, or learning by extending templates)
and abstracts them into a model for creating class projects or other kinds of workshops. The defined
components are of PECC (1) Playing, 2) Engagement, 3) Creativity, and 4) the Coding) are defined as
the most important aspects to consider for coding classes, and consist of tasks to guide teachers and
facilitators in their planning, setting up phase, and through the whole course/workshop. In addition, a
template for storyboards and an assessment sheet for assessing the produced artefacts was developed
(see Appendix A.5 and A.6). These tasks were defined in regards to the NOLB results (see Chapter 4),
aspects from gender-sensitive theory (see Section 2.4.1.2), and from the game design theory (see Sec-
tion 2.2). In addition, the PECC model builds on the NOLB GMTF. The NOLB GMTF provided a
frame for the NOLB project to understand and apply mechanics and dynamics as well as to integrate
Create@@School and the PMD into the academic curricula. The PECC model has been expanded
to be more applicable (not only adaptable for schools/teachers, or Pocket Code/Create@@School

211



Chapter 5. Results

lessons) and further provide applicable proposals to foster inclusion explicitly. The focus now is more
on the practicability of coding/game design lessons, thus providing concrete guidelines for teachers
and facilitators. To phrase it differently, PECC can be applied to any beginners coding class in all
contexts. Thus, for the PECC model, tasks like the definition of the learning goal, game-based meth-
ods, and important inclusion aspect have been adopted from the GMTF. In addition, the 4 C’s of 21st

century learning and CT were also considered for the model (see Section 2.1.4) as well as the idea of
unplugged coding activities of tinker and maker spaces (see Section 2.1.4.1). The goal of this model
is to foster students’ sense of belonging to coding relevant fields, awaken or generate interest for this
area, to improve their self-efficiency towards coding, and finally, to bring fun elements to the class-
room or a workshop. These are defined as the intrinsic motivators which are especially important in
girls: a study (Galdi et al., 2014) added that by directly comparing female students sense of belonging,
expectations of success, and stereotype threat, girls’ lower interest in computer science can be pre-
dicted compared with boys when stereotypes are salient. Extrinsic motivators are considered by the
models inclusion of all students. This framework should not reduce students’ creativity, but provide
defined (learning) goals to strive, and should give rules to consider in traditional games. The PECC
model targets programming beginners, students of all genders, teachers of all subjects, and facilitators
of coding workshops. It is applicable to different tools/platforms, not limited to Pocket Code.

Figure 5.1.: PECC: a model for Playing, Engagement, Creativity and Coding activities.

At the basis of this model, a number of guidelines have been developed (see Appendix A.4) to
help teachers/facilitators with concrete steps. For tasks that are not important for workshops outside
the school settings, can be left out, or which are especially gender relevant, symbols have been used.
The guidelines provide a checklist with tasks that are strongly recommended and some that could be
left out (indicated by symbols). Sometimes several tasks to choose from are provided (a, b, c,) and
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sometimes they are sequential (1, 2, 3,). Moreover, different approaches are considered, e.g., usage
of templates/frameworks or starting with an empty program from scratch. In the following section,
the components of the model are described and linked to the literature and findings of this thesis. The
description refers to teachers and students but that can be replaced by facilitator and teenagers as well.

5.1.1. Playing.

It is well known that students can be motivated by using a fun and playful approach (e.g., (Paderewski
et al., 2015; Hulsey et al., 2014; McLean and Harlow, 2017; Denner et al., 2005; El-Nasr et al., 2007;
Subsol, 2005)). However, play and games are linked to certain goals and rules (see Section 2.2.1).
Hence, teachers must provide these details to help teenagers to stick to good design principles before
they actually start to develop their games. Above all, most female teenagers are not used to playing
games (see Section 2.4.1.5). Thus, most of them are not familiar with important components of a
game, which many boys experience in their everyday life. It is important that students see this process
from the eyes of a designer rather than only the player’s perspective (see Section 2.2.1.2). The different
parts within the field “Playing” are:

5.1.1.1. Playing games.

First, it is important to understand students’ playing behavior, what games they like, and what games
they play (Nah et al., 2014). Therefore, some questions are useful, e.g., what kind of games students
are used to playing, or why they play games (or why not). Second, students can benefit a lot if
they are allowed to play similar games made by other users. This is not only important because
students may not used to playing but also to show all what is possible to achieve. For this, appropriate
“featured games” (e.g., Figure 4.48) can be proposed to them or students can choose games that catch
their attention on their own. In addition, students can have a closer look at the code and inspect the
programs. Alternatively, the teacher can present showcases that cover a range of games and provide
students with an overview on different genres and themes. It is important that the games presented
are appealing for all genders (see Section 2.4.2.4), and also show different levels of interaction, but
without giving them a specific direction.

5.1.1.2. Game design.

In order to adhere to good game design patterns, it is especially important that teachers allow the
students to design their own games from Scratch. The teacher has the option not to restrict the game
design process at all, i.e., let them choose their own game elements like story, genre, theme, goal,
MDAs and assets (see Section 2.2.1.1), or they may provide a framework (goals or a template), e.g.,
use of certain properties, design elements, or MDAs. However, teachers must help students in their
game design process by explaining the different elements. A promising approach is the use of a
storyboard and an agile approach (see Section 2.2.1.2). A storyboard summarizes the different scenes
in a game. It holds the “Shape of the Game”, and thus considers the core idea, the game concept, the
game characters, and their interactivity level (i.e., the control of the characters). At this time, students
should also define a meaningful name for the game to create a sense of ownership. Figure 5.2 pictures
an example of a storyboard, which is also part of the Appendix (see Appendix A.5).
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Figure 5.2.: Template for a Storyboard.

The “Shape of a Game” (see Section 2.2.1.2) has been broadly used by the NOLB students, and
especially by girls (see Section 4.4.2). The genres of a game (see Section 2.2.1.1) and the theme
provides an idea for the goal and story of the game. Results from the game design inspection in
NOLB (see Section 4.4.2) show that female students most frequently used the adventure, puzzle, or
jump&run and platform genres, nature and fantasy themes, and the goals of capturing/avoiding or
solving. Game design elements consist of game mechanics and dynamics. Aesthetics are to show
information for the user to interact with or define the appearance of a game (see Section 2.2.1.1). The
MDA encourages the players to succeed. While boys and girls used a similar number of mechanics
and dynamics in their games, girls used many more elements for aesthetics (e.g., narrative, fantasy,
and sensation). Last of all, students should think about their main and side characters and how to
control the objects.

5.1.2. Engaging.

Engagement is an essential part of a playful learning environment. Engagement classrooms should
foster collaboration in classroom projects but also allow individual contributions to collections/outcomes.
The following compoments reinforce students’ engagement:

5.1.2.1. Warm up.

It is essential to build a safe environment in which students feel engaged by having them ask questions
and spark discussion. In that way, students dig deeper and explore more while teachers can correct
misconceptions. Many students feel uncomfortable asking questions because they are afraid; thus,
respecting and valuing all questions and utilizing active listening must be encouraged by the teacher
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at the beginning. As described in Section 2.4.1.4, female learners tend to be less comfortable than
their male colleagues when asking questions in class (especially if their male colleagues already have
experience), and thus are left with lingering doubts regarding the material. Teachers can help students
with small group discussions, or address them directly or in small groups.

In addition, many students have an unrealistic perception of technical careers (see Section 2.4.1.1).
Therefore, it is important to provide students with more information about “real life” jobs in tech. This
provides them with a more realistic picture of their future jobs and explains career-relevant abilities.
Students should understand that it is very likely that they need STEM knowledge for their future
careers (hardly any job can be done without involving IT or technology) and that there exist alternative
routes to IT (e.g., through design, analytics, or problem-solving). This is important to foster their self-
efficacy. It is a great opportunity for students if they have the possibility to visit companies, or the
option to invite inspiring role models from the industry or universities. Female students in particular
recognize the absence of female role models in tech with whom they can personally identify. Thus,
female STEM teachers should serve as the most effective role models. Teachers have to explain why
computer science is important and its relationship to critical and computational thinking, or problem
solving. All of this should reinforce students and should show that people (women) in these areas love
what they do, are deeply interested, have fun, and are successful in their domain. In Sections 2.4.1.2
and 2.4.2, examples are provided about how this can be achieved by teachers. In Section 2.4.1.1, two
expert interviews showed divergent opinions; they disagree about whether, the gender aspects should
be highlighted in class or not. In the right context, the teachers can address this issue and they can
ask why the students think that there are fewer women in the IT sector and why. Summarized reasons
could be discussed and disproved if necessary.

5.1.2.2. Collaboration.

To foster and allow collaboration, the group constellation and arrangement must play an important
role. However, the group constellation also depends on the learning goal (e.g., use of templates) and
the course setting. In Section 3.4.1, three types of group works have been discussed: working in small
groups (2-5), pair work, or working individually. To foster their sense as a community it is important
that there is room for collaboration and communication, even if students work individually. This is
provided, e.g. if whole class has the same (learning) goal or sub-goals, etc. Thus, they can discuss
and communicate about similar problems and help each other by working all on similar tasks. Ob-
servations during NOLB showed that girls formed these kinds of groups more naturally and also split
the work more efficiently between different devices than their male colleagues. The gender composi-
tion of the team is important as well. During NOLB, students formed teams on their own. Although
the team/teachers did not asked for homogeneous teams, only 11 programs were created in mixed
gender teams (see Section 4.4.2). If teams are planned, the author proposes that girls should work
together in teams. The reasons why are that girls often confirm stereotype expectations in heteroge-
neous groups and they are more likely to share problems with female partners (see Section 2.4.2.2).
During NOLB, different behaviors in heterogeneous groups have been observed. For instance, girls
did all the work, whereas the boys did not take an active part in the activity, or boys did the coding
and girls did the artwork. To avoid this, a switching of the roles and responsibilities within the project
can be a fixed part of the agenda. To introduce students to coding, collaboration, and tinkering is once
again the answer, e.g., through-unplugged coding activities and tinkering (see Section 2.1.4.2), and
repetitions/discussions/questions rounds on a regular basis to create mutual understanding. During the
coding units, if students work in teams they need to be motivated the right way (see Section 2.4.1.2),
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e.g., in enabling them to assume different identities and different roles or responsibilities within the
team (see evaluation in Section 5.2.2). During the coding process, it is essential to provide recognition
of their work done, to consider the failure as part of the learning process (celebrate “Aha!”-effects),
and to balance extrinsic and intrinsic motivators. In addition, a fun environment should be encour-
aged in order to foster feelings of enjoyment, which has a positive effect on students’ motivation and
outcome.

Gender-sensitive education is a key factor for engagement and collaboration as well as the key ele-
ment of the PECC model. For example, it is important to praise the right way (see Section 2.4.1.2) and
to provide a stress-, anxiety-, and competitive-free working environment by considering different skill
levels or preferences. Finally, it is important to provide learning materials, example programs, assets,
tasks etc. that are free of gender stereotypes and to use gender sensitive language (see Section 2.4.1.2).
The coding environment should be something females are happy to study and work in. The effect of
enjoyment, happiness, and anxiety increases or decreases students’ intentions to participate on similar
creative development activities (see Section 2.4.1.4).

At the end of the units, the Constructionism theory (see Section 2.1.3.1) suggests to share and
present results in public (e.g., to peers, teachers, parents) to engage the learner, to cultivate their sense
of ownership, and to provide students the opportunity for the sharing of artefacts (i.e., through a public
forum).

5.1.3. Creativity.

Creativity is born from constraints but can be also killed by them, e.g., through stressful learning
environments, or learning goals that do not fit to students’ preferences. To support a creative learning,
the following tasks are important to meet the “Creativity” aspects:

5.1.3.1. Structure of design units.

The amount of units needed for designing objects, backgrounds, and other game elements depends
on the approach used. It is proposed that students have a lot of freedom in creating their games, but
with a predefined template or a (learning) goal, certain game elements can already be defined (e.g.,
the general theme, or the goal of the game). In NOLB courses, students, and especially girls, thought
the additional designing units (e.g., during arts lessons) were of great benefit. The design units also
depend on how the assets should be produced, e.g., by being drawn by themselves, or using predefined
graphics from the internet or a media library. The author proposes to offer students the choice to create
their own artwork (either by hand or with programs), but also to be allowed to use graphics from other
sources, e.g., to customize and edit them. During the Alice Game Jam event or the Galaxy Game Jam
event (see Section 4.5), many assets were prepared which were tailored to these topics and used a lot
in the games. It is fun to use sophisticated backgrounds, characters, and items to make the game look
good. Teenagers love to play games that are narrative and fascinating, have nice gaming worlds, and
boast great graphics and visual designs (see Section 2.4.2.4 and Chapter 4). Thus, they also like to
create good games. The teacher’s role is to support them in good game design and nurture a sense of
pride and ownership among them.
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5.1.3.2. Freedom of choice.

Creativity is also constrained by time limits and design restrictions. Students need time to organize
their programs, search/draw suitable assets, and to be creative at all. Thus, even if teachers use a
template, it should allow customization and personalization (see Section 3.4.2.2). If the design tasks
allow room for exploration, customization, and creativity at the same time, students feel engaged (see
Section 2.4.2.2). Here again, the question is how assets should be created. The literature supports the
argument that female students spend more time on visual customization while boys spent more time
on solving logical puzzles (see Section 2.4.1.4). Thus, boys focus more on task completion whereas
girls want to create “nice” programs where they are allowed to express themselves to feel a sense of
ownership and pride. This could be observed during NOLB especially in students from lower grades.

To conclude, teachers can eliminate the prejudice that STEM professions are not creative. In ad-
dition, students can be encouraged to use sound in their programs as well to show their originality.
Sounds have rarely been used during NOLB but are also important for producing “good games”.
However, sounds are often difficult to use in all settings because they can be noisy. Students may have
the option to either switch the media sounds on their device to minimal or use headphones instead.

5.1.4. Coding.

The coding component is one of the most important in the field since the course is indeed to teach
students something meaningful about coding. Thus, certain issues need to be planned and defined
beforehand, as well as planned during the units to keep students motivated. To help teachers with
these tasks, the following ideas need consideration.

5.1.4.1. Structure of coding units.

The structure of the course has a big impact on students’ motivation (Nah et al., 2014) (see Sec-
tion 2.1.3.2. First of all, the target group has to be defined, e.g., their gender, age (proposed 12-14
years old, see Section 2.4.1), and the environment (in class, outside school, etc.) Next, the amount
of available units has to be set. In Section 3.5.2, performed coding units during NOLB have been
presented. The following structure has proven to be successful; Stage 1: Introduction to programming
(the Starter); Stage 2+3: the Main Learning (Story and game design and the Coding); and Stage 4:
The Closing (presenting/sharing results and assessment). The amount of units in each stage and the
overall structure of the course depends a lot on the approached used (A1-A3, see Section 3.5.1) and
the focus of the activity. For instance, students who use templates do not need many design units.
Since the PECC model is applicable to any coding activity and subject, first considerations concern-
ing the tool used, the (learning) goal that has to fit also to the subject, and the assessment process has
to be made. Thus, this task refers again to the main questions of the UDL (see Section 2.1.3.2): the
what, the how, and the why of learning. Second, a suitable tool for coding as well as for designing
must be defined by the teacher. Learning about coding with the use of visual programming languages
is a promising approach and very popular in many primary and secondary schools (see Section 3.2.3).
The PECC model can be applied to any programming platform, which supports game development,
but is indeed for programming beginners.

To find the appropriate (learning) goal is essential in any setting. A (learning) goal provides the
learners with a direction, and smaller sub-goals for different units can scaffold the learning process.
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Typically, a learning goal consists of three parts: action, content, and condition (see Section 4.4.3.1).
Learning goals should provide a frame for the learner but also allow multiple ways to achieve the final
goals and should create a connection to a real world problem to present a challenge (i.e., subject re-
lated). This goal should be problem-oriented, and it should support critical thinking (see Section 2.1.3
and Section 2.4.2.1). In addition, it is important that the learning goal(s) not offer a concrete solu-
tion in order to stimulate ideas and allow extensions, changes, optimization, and personalization (see
Section 2.4.2.3).

5.1.4.2. Personal experiences.

It is up to the teacher if she or he wants to show the tool/platform used, or if the students should
explore the tool on their own (or how to introduce students to the main functionalities). The author
suggests to present the tools’ UI, show students where they can find help (tutorials, videos, forums,
etc.), and to create a program together with the whole group (i.e., on the projector). This was a
promising approach during NOLB (see Section 3.5). It is very important to choose the right game
for this collaborative coding activity. On the one hand, it should attract all genders (used theme,
assets, etc. and not strengthen stereotypes), and on the other hand, it should teach/introduce the main
functionalities students need for their own games. Thus, this game has to be adapted to both the subject
and learning goal and be suitable for students’ age and gender. This game can either be programmed
by students themselves (one or two students come to the front of the class and add one step to the
program) or by the facilitator with students telling him or her the next step. Teachers can also ask
students to first create a small program on their own (e.g., with tutorials, step-to-step guidelines)
and add enhancements to the game, e.g., add an animation, add a sound, score etc. Relevant coding
vocabulary (see Appendix A.9-Glossary) must therefore be explained first. This can be done either
through the collaborative programming activity, a presentation with showcases and example programs,
or again in plenum with Q&A, or in small groups. One study (Li and Watson, 2011) concludes that
students do not see the link between block and visual-based coding languages and more advanced
programming (see Section 2.1.4.1). In other words, they do not know that they actually gain coding
skills. Thus, it is hard to build interest and confidence. Therefore, this connection must be provided
by the teachers.

At any stage, it is important to ask for clarification and to make sure that the group understands
the overall concepts. It is also critical to administer regular repetition cycles while asking related
questions. To work through the Main Learning or the coding process more efficiently, students can
start with a pseudocode or “bricks on paper” activity (see A3). In that way, they think about the
needed functions, properties, objects, and their interactions without actually starting to code. At
this point, students have to think about how to control their characters, e.g., by using sensors, keys,
buttons, physical properties, or animation. Therefore, students need the information about different
interactivity possibilities. Otherwise, they will use the most obvious (e.g., Pocket Code’s inclination
sensor or “When tapped”-condition). An appropriate level of self-directed learning engages students
in the learning process and lets them build their own structures of knowledge. While accomplishing
small steps, students gain confidence and get closer to the finished program. By breaking down the
content into sub-goals (e.g., at the beginning of every lesson) the coding process can be guided and
scaffolded. Students need enough time for coding and confirmation if they are on the right track
(especially girls, to increase their expectation for success) and subjective task value. For students who
are faster, extra tasks could be provided (see Physical Simulation template).
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A part of the closing unit is either a presentation of the games (voluntary/mandatory) or a short quiz
at the end of the sessions. During NOLB, presentations were often held because most of the teachers
did not want to grade their students, but asked them questions like how they divide their work, if
they finalized their first ideas or if they had to adapt them, and other experiences. It is a good idea
again to encourage all students to ask questions. Subsequently, the games can be analyzed according
their functional elements (e.g., achievement of the learning goal, program structure, statistics and the
program itself (see Section 4.4.2) or according to the use of game design elements (e.g., use of MDA,
level of control, visual design (see Section 4.4.1). Therefore, an assessment sheet has been added to
the Appendix (see Appendix A.6).

These results — the PECC model and the PECC guidelines — show not only the tasks that are
gender-sensitive but also point out clear actions that are necessary to reinforce (female) students in
coding activities (but it is not restricted to girls-only activities).However, the gender sensitive aspects
are highly important and considered especially in the following PECC tasks:

• How students are allowed to create their assets and visual design (creativity; see Section 2.4.2.3)

• The group constellations (engagement; see Section 2.4.2.2)

• Promote women in IT, role models and female mentors (engagement; see Section 2.3 and Sec-
tion 2.4.1.3)

• The approach used, e.g., frameworks and templates (coding; see Section 2.2.2.2 and Sec-
tion 2.4.2.1)

• Create a safe environment where students are not afraid to ask questions and to strengthen
their sense of belonging, and self-efficacy in CS through, e.g., role models (engagement, see
Section 2.4.1.2)

• To understand students’ different playing behavior, and how to reinforce girls by creating their
own games (e.g., if they do not play games at all; playing; see Section 2.4.2.4)

• Development of appropriate example programs, showcases, videos, etc. — the presentation
of the tools and provision of a suitable starting point with new a new tool (coding, see Sec-
tion 2.4.1.5 and Section 2.4.2.5)

• Preparation of material free of stereotypes and use of gender sensitive language in speaking and
materials (engagement, see Section 2.4.1.2)

• Let students play games that reflects their interests and are suitable for them (playing, see Sec-
tion 2.4.2.4)

• During the Game design process: freedom of choice and ownership (creativity/coding, see
Section 2.4.2.3) in choosing their genre, theme, goal, MDA, etc. (see Section 2.2.1.1)

• Support of students with storyboards, unplugged coding, and tinkering activities (engagement,
coding, see Section 2.1.4.1), and foster their understanding by e.g., explaining important coding
vocabulary (see Appendix A.9).

• Foster collaboration and self-expression to build confidence (engagement, see Section 2.4.2.2)

• Gender awareness by ensuring a competition-free environment and observations, e.g., what
discourages students in the PECC courses (engagement, see Section 2.4.1)

In the next sections, two case studies are examined using the PECC model. The case studies show
how the model can be applied in girls-only situations and how it can serve as a reference for customiz-
ing coding tools.
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5.2. RQ2/Case Study: PECC Activities for Female Teenagers

Observations during NOLB and the literature review (see Section 2.4.2.5) showed that it is important
to encourage female students explicitly to join coding activities. If the pilot schools offered Pocket
Code units on voluntary basis in higher grades for all students (because it is only mandatory for
student in ninth grade), the majority of participants consisted of boys (e.g., see course 21: boys only!).
Section 2.4.1.5 and (Fisher et al., 2015) point out the importance of investigating gender differences
in tinkering CS behavior as a factor that contributes to the gender gap in CS. These findings during
NOLB supported the argument of using gamified coding activities for girls. The findings were mostly
consistent with related studies and suggest the optimal learning environment for girls to be project
and game-based and to allow a certain amount of self-expression, collaboration, and creativity by
using a range of strategies to address female underrepresentation. With the new developed PECC
model and the PECC guidelines the author started to generate a lesson plan (which could serve as an
example) for a girls-only course with is part of the Appendix (see Appendix A.7). Thus, the focus of
this case study was to examine PECC activities between homogeneous and heterogeneous groups by
considering gender sensitive aspects as defined in the PECC model. The aim was to examine if girls
felt more engaged in girls-only environments. Although the sample was very small, the insights are
very interesting and suggest further studies in the same or different contexts (outside school).

In this section, the PECC model has been evaluated for two months in two classes. The results are
presented below to assess how the model can be applied to especially reinforce female students in
PECC activities. The aim of the study was to evaluate the impact of the course on increasing interest,
self-efficacy, sense of belonging and fun, by engaging girls in design activities, promoting coding and
design skills, and enhancing their perception of tech fields. In addition, this section should provide a
overall picture or an example how to apply the PECC model successful (step-by-step).

5.2.1. Setting of the PECC activity for girls only.

For the evaluation of the PECC model, an experimental design has been chosen: One class consists
of girls only (test group, number of female students = 10) and one class was a mixed gender class
(control group, number of male students = 5, number of female students = 7). Students aged 14-
15 working in PECC activities with Pocket Code in three double units. Four types of data were
collected: 1) observations of students’ performance and questions during class, 2) surveys conducted
at the different periods during the course sessions, 3) semi-structured interviews with two students of
each group, and 4) analysis of projects and assignments completed by the students using the PECC
assessment template (see Appendix A.6).

In reference to RQ2 the authors’ method should validate the effectiveness of 1) intrinsic motivators
(interest, self-efficacy, sense of belonging, and fun) during PECC activities using questionnaires, 2)
extrinsic motivators (games, inclusion, framework, goal) via interviews, 3) differences between the
groups, e.g., assessment of the programs, class climate, and group constellations via observations,
and 4) teacher interventions, e.g., differences in questions and needed guidance between the groups.
Figure 5.3 illustrates some impressions of the units.
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Figure 5.3.: PECC activities with Pocket Code.

The lesson plan of these units is part of the Appendix (see Appendix A.7). In short, students
had three double units with the following structure (see Figure 5.3): Introduction (1 unit) — De-
sign (2 units), Coding (2 units) — Closing (1 unit). During the first unit, a warm-up session with
a discussion/questions round about technical topics and games was conducted (see Appendix A.4,
PECC guidelines-Introduction). The author served as a role model/expert and explained the student’s
technical professions, tasks, studies, her career path, and her daily work routine. This happens in a
question/answer discussion in plenum. After that, a live-demonstration of Pocket Code was made and
a similar program to that one the class was going to program was developed with the whole class.
Thus, a powerpoint presentation was used to provide detailed information through animations at some
points (e.g., loops, broadcast messages, etc., see PECC guideline-Introduction).

Students should have worked individually but all with the same learning goals. The story/task for
their game was “Your character wants to learn something about the planets and goes on a journey to
outer space. The planets tell him/her some facts about themselves.” Some facts about planets were
discussed in plenum as well (e.g., how many planets do you know, name them, is the sun a planet,
etc.). The design/coding units included an initial “bricks on paper” activity (see PECC guidelines-
Coding); students started to create a poster template with all needed scripts/bricks. Students could
draw their assets on their own, use assets from the internet, or lift them from the media library (see
PECC guidelines-Game Design).
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For the storyboard, each student should have chosen (printed out on paper):

• 1 background (suggested pictures from the media library)

• 1 character (suggested characters: penguin, dog, bird, owl, girl, boy, alien, astronaut, plane; not
as a picture but simple the word)

• 3 planets

• 1 set of bricks (not all bricks where described in plenum to foster self-directed learning, e.g.,
brick “go to front”, printable documents can be found here92)

• 1 coordinate system (see Appendix A.8, students should first set their character’s and planets’
positions on the paper by defining the a x/y coordinate and think about the size of their objects)

For the first two categories, blank sheets of paper were also available for those who wanted to
choose other characters or if they want to draw their own pictures. In addition, a kind of interactive
level for the main character was allocated randomly (touch position, i.e. following the finger x/y
coordinate or controlling the object by using the inclination sensor of the device). The reason for
different interactions was that students should have formed groups to their allocated sensor. The story,
the example programs, and the tinkering activity were constructed to be free from gender stereotypes
and focused to attract female students (e.g., provide a variety of characters etc.). The learning goals
were defined beforehand as follows:

Match of academic objectives:

• The character should be controlled either via touch-property or inclination (allocated randomly).

• Each planet tells you three facts if the character touches it (using broadcast messages).

• Extra task: Add a quiz at the end.

• Use first the set of bricks (on paper) and create a template.

Match of gaming objectives:

• Create an adventure game with the goal of knowledge acquisition.

• Use a background, one main character, and 3 planets in your game (either own drawings, media
library, or internet graphics).

• Use the “Shape of a Game”.

92Brick documentation: https://wiki.catrob.at/index.php?title=BrickDocumentation
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Figure 5.4.: Timetable of the course in reference to the PECC model.

Figure 5.4 also shows two review sessions. These were held at the beginning of each unit with
the aim to repeat and focus. In the last unit, a short quiz was performed and two (in control group:
one girl/one boy) presented the game to their peers (see PECC guidelines). The programs were not
assessed by the teacher. Both quantitative and qualitative feedback was collected from students during
the case study, e.g., via surveys, interviews, and on-side observations. The author used questionnaires
for asking students about their intrinsic motivators. The surveys also included open-ended questions
and a final quiz.

5.2.2. Results on-site observations.

Yelland (Yelland, 1995) defined 17 different categories of students’ interactions during classroom dis-
cussions. The author adapted these into three kinds of questions: 1) asking for information/explanation,
2) asking for a proposal, and 3) comments (i.e., rhetorical questions). The team tried to provide help-
ful hints rather them providing them with a closed answer. In both groups, most of the questions were
of type number one:

Examples from the control group:

• “For what do I need the brick “go to front”?”

• “Where do I find the broadcast messages bricks?”

• “Where can I enter the speech-bubble text?”
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Examples from the test group:

• “How should I start?”

• “How do I add an object?”

• “What can I do that my object do not rotate if it is on edge?”

A question from type two was for example (test group): “Do I have to define the position of the
object exactly?”.

Observations of the first units

Observations of the control group showed that the group was clearly separated by gender. The
whole group sat on one big table but the girls and boys sat on opposite halves. The boys had different
interaction levels but wanted to work together anyway. Students from the test group ignored bricks,
which has not been explained in plenum totally, e.g., “go to front”, “if on edge bounce”, whereas
students from the control group asked where/why the brick was needed in their storyboard. Two of
the girls in the control group cut the bricks very accurately, which took a lot of time. Two from the
test group wanted to set the position of the objects very precisely (they even used a calculator). The
test group asked less for help compared to the control group but some of them were waiting for input
and others asked for every step. Girls in the test group worked in a very concentrated manner and
communicated a lot (but mostly about not content related topics). All in all, the climate in the test
group was much more pleasant and not as stressful as that in the control group.

Observations of the second units

In the second units, students of the control group did not take the 10 minutes break between the units
and wanted to continue with the coding. The girls in that group were faster than the boys were, and
had already started to code within the first unit of the double units. All boys started during the second
unit. The girls helped each other and one was very fast in adding the needed sensor variables. In both
groups, students started mostly with just adding brick by brick. Thus, they made some mistakes and
wondered why it was not working at the end. For example, they typed the variables (e.g., sensors)
and properties (e.g., “touches_object” property) as a string/text, thus, it was not interpreted by the
program (this happened to three in the control group: one boy and two girls, to five in the test group).
Therefore, the team told them to integrate smaller steps: for instance, first set the position/size of the
object, second, add the control of the object, and third, handle the interaction between the objects.
Most importantly, test the game after every step. This helped them a lot. One boy said he finished his
program and was not motivated to work further on it. The next unit shows that he did not fulfil the
learning goal and he had some mistakes in the scripts. The boys in the control group fooled around
and the whole classroom climate was very noisy. Only one of the boys worked in a concentrated way
on his program and one other boy drew his character on his own (a bird). Again, girls from the test
group asked a lot and almost in every step. Since the team was curious about the questions asked,
collaboration was not fostered explicitly (as recommend in PECC guidelines). Students preferred to
ask the facilitator and did not help each other that much. At the same time, they were very interested
in the units, in coding, and the results. Anyway, the team often had the feeling that they were more
task oriented than intrinsically motivated. One girl was very frustrated because she had the feeling
she did everything wrong and she was very insecure in each step.

Observations of the third units

This time the boys in the control group collaborated a lot and were more concentrated in finishing
their games. At the end of the unit, one boy presented his game voluntarily to his peers. Students
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in the test group were busy making their programs more perfect. For instance, they asked how to
make the object not flip (if using the inclination sensor and “if on edge bounce” -brick). They also
asked why the object which should have followed the touch property appeared at the beginning in the
middle of the screen although they had set the position somewhere else (because “finger_x/y” is at the
beginning zero). Two girls from this test group were very silent and shy. For example, they waited
instead of asking, or ignored obvious mistakes (e.g., the object was not moving even if she used the
inclination sensor correctly but she needed to multiply it to get a larger radius). One girl was very fast
and finished 10 minutes earlier than them. She helped the two other girls in the group with including
the end scene (use of variables) as the team asked her to do so.

5.2.3. Questionnaire results.

The questionnaires (pre, daily, and post) handed out to students included measures of the various fac-
tors regarding students’ intrinsic motivators used in the PECC model: interest, sense of belonging,
self-efficacy, and fun (see Section 2.4.1). The pre-questionnaires aimed to collect students’ percep-
tions about the course, coding, and technical fields. The daily questionnaires (handed out at the end
of the first and the second units) had specific questions to the unit covering daily interest, fun and
achievement. Finally, a post-questionnaire asked questions about the PECC activity itself. Table 5.4
lists the questions defined as an indicator for each of the components. This questionnaire is consid-
ered as an important outcome of RQ2 because it will be used also for the evaluation of future PECC
activities to predict intrinsic motivation in (female) students.
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Table 5.4.: The indicators used in the survey (pre, post, and daily).
Construct Pre-questionnaire Daily questionnaire Post-questionnaire

Interest

I’m interested in learning
something about coding.

The coding unit today was
very interesting.

The coding course
was very interesting.

CS/coding is boring.
The coding course
was boring.
I would have
liked to spend more
time with coding.

Sel-
efficacy

I think I will like coding.
Today I achieved
everything that I planned.

I liked the coding.

I generally feel confident
in using my smartphone/
computer.
I have no problem in math.

I felt confident during
the coding course.

I have less self-confidence
in CS.

I often felt helpless.

I think I can learn coding.
I learned something
new today.

I learned something
about coding.

I’m proud of what I
achieved today.

I’m proud of my
final program.

Sense of
belonging

I can imagine what people
do in technical professions.

I got many ideas what
people in IT do.

I can imagine what
programming is about.

I now have a better
understanding of
what coding is about.

I think a job in coding
would suit me.

I think I have the
same/similar
characteristics as
people who are
working as programmers.
Programming reflects
my thinking.

I can imagine that
programming is important
for my future job.

I think this new
knowledge about
coding is useful
for my feature.

I was able to work with
others today.

I felt engaged.

I worked mostly alone
today.

Fun
I’m looking forward
to the coding units
with Pocket Code.

I’m looking forward to
the next coding unit.

I would like to
participate in
similar courses.

The programming unit
was fun for me today.

The programming
unit was fun for me.
I found the units
stressful.
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In all cases, a 4-point Likert scale was used to measure the variables (Sullivan and Artino, 2013).
In addition, two questions were added to ask about their intention to use Pocket Code further or to
recommend it to friends (post-survey). Additionally, in the post-questionnaire it was further examined
who they asked for help (classmates, teacher, tried it alone). The questions have been developed at the
basis of literature by Schwarzer Jerusalem (Schwarzer and Jerusalem, 1995), the CATS Attitude Scale
Items (Krieger et al., 2015), the GERD model (Gender Extented Research Development) (Claude
et al., 2014; Giannakos et al., 2014), and from other researches (Li and Watson, 2011). No questions
have been asked that could foster stereotype threats, as proposed (Krieger et al., 2015), e.g., “Girls
can do technology as well as boys”.

The same size of this quantitative evaluation is very small (number = 23) but should provide first
insights. In the future, the author is planning to use the PECC model for more courses as well as the
surveys to provide results that are more significant. The average results are visualized in Figure 5.5
— 5.10 separated by group. The “4 Likert Scale” refers to: 1: strongly disagree, 2: disagree, 3: agree
and 4: strongly agree. It is recommended to use no neutral value and to use counter questions, e.g.,
Coding is interesting — Coding is boring, to demand their attention (McLeod, 2008). Thus, it is not
always “the higher, the better”. Question with “the lower, the better” are marked with a “*”.

Therefore, four hypotheses have been defined in validate the intrinsic motivators in the PECC
model:

• H1: Female students are more interested in the coding in gender homogeneous classrooms

• H2: Homogeneous classrooms provide girls with more self-efficacy in performing coding ac-
tivities

• H3: Homogeneous classrooms strengthen girls in their sense-of belonging

• H4: Female students have more fun in homogeneous coding classrooms

The results will be discussed in Section 5.4.2. At the beginning, both groups were equally interested
in starting with the coding lessons (see Figure 5.5). Students in the test group showed an increased
interest in all double units with an average of 3.3 at the end. Compare this to the control group, which
was after the first unit, less interested (average 2.70) and at the end back to the same level. Most of the
students from the test group disagreed that coding is boring and most stayed with their opinion after
the course (average 2). In the control group, in the final unit, most strongly disagreed that coding is
something boring (average 1.58). Both groups agreed that they had wished to spend more time with
the coding part.
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Figure 5.5.: Student interest in the coding units.

Both groups agreed/strongly agreed that they thought they will like coding (average 3) beforehand,
but the control group said it was more likely that they did not like coding after the course (average
2.58), whereas the test group only slightly changed their opinion (average 2.80; see Figure 5.6). The
same can be observed in their confidence level: Students in the control group started with a higher
perception of their confidence level (3.04), but they did not feel that confident in actually using the
app (average 2.00). Students from the test group again had only a slight differences between their
perception and reality (difference 0.10). Here, the counter question confirms the assumption (no
feeling of helpless). On the one hand, students from the test group agreed less that they could learn
how to code (average 3) but agreed more often that they learned something new after the first (average
3.80), second (average 3.45) and last double unit (average 3.30) than students from the control group.
The highest difference can be found in the questions where the author asked if they felt proud of
their achievements. The control group mostly disagreed (average 2.10) whereas the test group mostly
agreed/strongly agreed (average 3.4). During first double units, students did game design and the
“bricks on paper” activity. Students of both groups were again similarly proud of their final products
(average of both 2.86).
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Figure 5.6.: Students preferences, confidence and satisfaction.

Both groups started with less knowledge about IT professions and coding and agreed that they had
a better knowledge of both after the course (see Figure 5.7). Students from the test group mostly
strongly agreed that they now knew something about coding (average 3.90). All students disagreed
more often that a job in the IT section would suit to them, but students from the test group showed a
slight increase (difference 0.2) after the last coding unit and students from the control group showed a
slight decrease (difference 0.13). Students in both groups agreed slightly more often after the last unit
that coding will be important for their future (average 2.21). A closer look at their engagement level
showed that students from the test group collaborated more in the first unit (3.80) than in the second
(average 3.17), and students from the control group worked alone more often during the first units
(average 2.30) than in the second units (average 3.80). This is in line with the onsite observations.
Students from both groups showed a similar engagement level (average 3.24).

229



Chapter 5. Results

Figure 5.7.: Students’ sense of belonging and engagement level.

Students of both groups started with a very similar level of anticipation (average 3.22, see Fig-
ure 5.8). Students from the test group after the first units agreed more often that they were looking
forward to the next units (average 3.80) but they more often disagreed that they want to join similar
coding courses at the end (average 2.1) than the control group (average 2.58). Students from the test
group had a consistent fun level (3.50) but disagreed more often after the last unit that they had fun
(2.80). Overall, students from the test level had a higher fun level than students from the control
group. Students in both groups disagreed that they felt stressed during the units.

Figure 5.8.: Students’ fun level.
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In the post-questionnaire the team asked two more questions regarding the intention to use Pocket
Code in the future (see Figure 5.9). students in the test group agreed more often that they would tell
their friends about the app.

In addition, the team was asked who they asked for help during the units. Whereas in the control
group all three options were mentioned ( 1.) I tried to find out by myself, 2.) I asked a classmate, 3.) I
asked the teacher), students from the test group asked their classmates or the teacher more often than
to try it out on their own.

Within the daily-questionnaires the team additionally asked two open questions:

• What did you like the most?

• What did you like the least? Recommendations?

Figure 5.9.: Intention to use
Pocket Code in the
future and if they
tell their friends
about the app.

The result is illustrated in Figure 5.10. Note that some answers
fit different categories (e.g., I liked the coding and to create my
own characters) and that every student filled out this questionnaire
two times. First, the positive comments are described. Most an-
swers can be summarized in the categories of “working process”
and “coding related answers”. Within the category, “working pro-
cess”, answers mentioned by students in the control group were
the design aspects (6), e.g., to design characters, or they mentioned
the “bricks on paper” activity, freedom of choice aspect, or the
pleasant classroom atmosphere (it was not too noisy). Within the
category, “coding aspects”, answers mentioned by students in the
control group covered the coding itself (3) and the result (2), e.g.,
the progress and seeing what happened in the code. Two students
mentioned as an “organizational” aspect that the power point pre-
sentation that was used for explaining the theory was appealing.

In contrast, students in the test group had many more answers
summarized in the category “coding aspects”. They mentioned the
coding itself (5), the result (2), e.g., that “I finished the program”,
and also the learning aspect (4), e.g., that “I learned something
about coding”. Within the category “working process”, the answers covered freedom of choice (2),
working in groups (3), or working independently on the program (3). Two students mentioned as an
“organizational” aspect that everything was explained well and three said that everything was ok.

Negative aspects that have been mentioned by the control group showed that they wished for a
more precise explanation at the beginning and more group work. Most of them left this field blank.
One student mentioned that he did not like to prepare the facts about the planet and two criticized
the questionnaire (no neutral option). Students in the test group mentioned 11 times that everything
was fine or perfect. Two students also mentioned that they preferred to have more explanations at the
beginning and one said she wanted to have more freedom in designing the game.
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Figure 5.10.: Analysis of the open questions regarding likes and dislikes to the coding units. Students
answered two times (after double unit 1 and 2).

5.2.4. Interview results.

The author conducted two interviews with female students (two from each group) one week after the
last unit. The goal was to get further information about the working process, their coding experi-
ences, recommendations, and their impressions to validate the extrinsic motivators set in the PECC
model. Since the number of participants in this interview was small, special comments are listed
below (Creswell, 2009; de Hoyos and Barnes, 2012).

The following questions have been asked per group:

1. How did you like the coding course?

2. How was your experience in the homogeneous/heterogeneous group?

3. How would you describe the group dynamics in your class?

4. Did you like to have an individual program or would you rather prefer to work more collabora-
tively?

5. How did you like the “bricks on paper” activity?

6. How did you like the idea of the game (planets, space)?

7. Would you like to have had more freedom in the game design?

8. Additional comments to the course . . .

Table 5.5 summarizes the main ideas per questions and interesting quotes. They were either re-
peated by the interviewee, surprising/interesting, or information that seemed to be important for them-
selves.
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Table 5.5.: Results of the interview following the PECC activity for girls-only
Q# control group test group

1

“I am not the kind of person who does coding.
After the course, my opinion changed a little
bit but I’m not interested in such things at all.”

“It was funny but also complicated,
for example where to find the different
bricks (. . . ).”

“Well the app is generally great (. . . ) I
would not use it in regular basis, you
know.”

“Certain game functions are missing, that
you can start immediately using the app,
like predefined building blocks you can
switch on.“

“The app should be more colorful.
Everything is so gray, blue, and dark.”

“You should be able to play more insteadr,e of
programming. Pre-prepared objects would
be great.”

2

“Boys also asked questions which were
interesting for me as well and that I did not
think of. Thus, the lesson has been improved
by them.”

“Everybody worked on his own program and it
made no difference with the boys in the class.”

“It was better that we were just girls
because a few boys from our class are
already familiar with real programming
languages and they would just make
stupid comments if we ask something.“

“Exactly!”

3

“If we can decide on our own, we usually build
groups with the same people. “

“But there is no one in our class I would
refuse to be in the group with.”

“(. . . ) we can ask everybody in our class
because we are all in the same boat.”

“For example, in computer science we can
simply shout for help if we don’t
understand something and someone who
has already finished the task will help you.”

4

“I am fine with both but I personally prefer
to work in a group because you can ask
each other for help.”

“Classmates explain it in their own words which
makes it sometimes easier to understand.”

“It was ok that everyone created her own
program, because I think in the group you
have to (...)"

“(...) it would be much more chaotic.”

“Yes,exactly”

“You have to find a compromise. We
both once visited a “Legoleak”
programming course and we were in
the same group and it was so chaotic.“

"Yes! Who should do this and who should
do that, and what should we do
anyway(. . . )”
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5

“(. . . ) actually I found it useful that we should
cut it out first and then we had our own
template.”

“You could always verify while working
on your program.”

“The lesson was more versatile (. . . ) we did
not only do the coding stuff (. . . ) I think
that was better.”

“The lesson was much more structured
(. . . ), but I’m that kind of person who
wants to try everything out right away.
Well I mean, I think they others benefit
a lot from this approach but for me I
just wanted to learn programming!”

“Initially I had no plan about the app
itself and what I should do. I am not that
good at memorizing things, for example
if somebody explains or shows things to
me in a powerpoint (. . . ) I used my
template very often and I think it helped
me in memorizing.”

6

“The idea was good. We were allowed to
design our own planets and characters and
customize them.”

“Since we did it in school, I think it was good
that the goal was school-related.”

“(. . . ) basically it was not a game that you
want to play several times (. . . ) it would
have been great if one can go to the
planets as well.”

“(. . . ) I imagined that the planets are
rotating and that I have to jump from
one to another planet.
That would have been awesome.”

“Yes, that you learn something by doing
something fascinating.”

7

“It was good that we had a fixed goal. If I had
to think on my own, it would have been
much more work and I would have needed
more time (. . . )”.

“(. . . ) it was enough for three double units.”

“It was good that you gave us the goal.
We really knew: Okay, I have to do
that and I’m trying to do that now.”

"I think with this introduction game we
are now able to code our own games for
example to visit the planets.”

8

“(. . . ) the units were not stressful and we
had enough time.”

“Learning a real programming language
takes a lot of time and is exhausting
with Pocket Code you can code within
minutes. I think that’s great!”
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5.2.5. PECC program assessment.

The assessment of the final programs was done with the help of the PECC Assessment template (see
Appendix A.6). The programs have been evaluated on the basis of the game design elements used
(visual design, main characters) and learning goal achievement (matching of learning and gaming ob-
jectives). Since every group used a pre-defined template of the “Shape of the Game”, which they could
personalize, the amount of scripts, bricks, objects, etc. was very similar throughout the programs.

Game Design: In the test group, three girls drew their planets on their own using Pocket Paint.
For their main character, they all used mostly the proposed animals like penguins (6), owls (6), a
raccoon (2), fish, birds, or dogs. One girl in the control group used a plane and one girl in the test
group used an astronaut which she drew on paper. One boy in the control group drew his bird as well.
The background was mostly space themed (13), or winter wonderland themed (5) and all downloaded
from the media library. Two used fantasy, nature, or sky as a background. The inspection of the
program showed that students from the test group often placed their speech bubbles outside the screen
(5) or their background look was too small (4, test group=3). Students in the test group mostly used
one speech bubble after the other (7), or emojis within the bubbles (3). They also included their own
graphics in the “Shape of the Game” screens (2: astronaut, penguin).

Engagement/Coding: All students from the test group achieved the academic learning goals, whereas
4 students in the control group did not reach goals (one of the control group did not achieve one sub-
goal: no real facts about the planets, and three students from the control group even failed in 3 sub-
goals, e.g., there was no interaction between the character and the planets at all, no “When” condition,
or no broadcast messages). All gaming goals were achieved by 2 students of the control group and 3
students of the test group. In both groups, most did not integrate the end screen in their games, thus
used variables to determine that all planets provided information. This was only done by three stu-
dents in each group. All students in the test group integrated the title and instruction screen whereas 4
of the control group did not use the “Shape of a Game” at all. Figure 5.11 shows all programs of this
PECC activity (left: programs of the control group, right programs of the test group).
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Figure 5.11.: Programs and storyboard of the PECC activity.

5.2.6. Results quiz.

In the last unit, a quiz was conducted with the whole group. This quiz consists of five questions:

1. What happens if you tapped on the play button?

2. Each object consists of: (a, b, c)

3. Which brick categories can you remember?

4. Which loops did you use or which ones can you remember?

5. What do you need for objects to communicate with each other?

These questions have been discussed at the beginning of the third lesson (during the review session).
The results of the quiz are shown in Table 5.6.
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Table 5.6.: Quiz questions and evaluation
Q# answers control group test group

1

the game (scene) starts
it displays what you have already programmed
you can see mistakes in the code thus you can
improve the code

12/12 10/10

2 a) Scripts b) Looks c) Sounds 12/12 2/10

3 Event, Control, Motion, Sound, Looks, Pen,
Data

8/12 10/10

4 Forever, repeat until/while/x-times 7/12 4/10
5 Broadcast messages 10/12 9/10

A more precise answer for Q1 would be: the scripts/bricks/code is/are executed. For Q2 most of
the students knew about the scripts and looks in an object but wrongly mentioned event or motion
which are brick categories. In the test group only two out of ten remembered all three categories. For
Q3 three students in the test group mentioned no category at all. Students got it right if they know at
least three different categories. Three students from the control group knew all seven categories and
two students remembered six categories. From the test group, students were able to list mostly three
(5) or four categories (5). Most often they mentioned the categories Event, Look, and Motion. For Q4
most mentioned two kinds of loops. For Q5 nobody wrote messages but they all mentioned the bricks
to achieve the desired behavior (e.g., If you receive, send to all).

The results will be discussed in Section 5.4.2. In the next section, the Pocket Code itself has been
adopted with the help of the PECC model to be more suitable for female teenagers.

5.3. RQ3/Case Study: PECC to Customize Pocket Code for Female
Teenagers

To answer RQ3, first, a focus group discussion was conducted to consider the needs of our focus
group at an early stage of development. As a result, important insights for the design of the app
were collected while new ideas for feature games were created as well. These games have been
subsequently designed by university students from the master’s degree program “Industrial Design”
at the University of Applied Sciences during a Pocket Code workshop. Second, Pocket Code has
been evaluated with the help of the PECC model to examine which customizations of our services
and tools were necessary to strategically reinforce female teenagers in PECC activities. The GERD
model (Claude et al., 2014; Maaß, 2018) and the findings from the literature (see Section 2.4.2.5)
provided again insights to develop this new version. In this section findings for and against have
been presented, while sections of 2.4.1 supported the argument that girls have a different technology
affinity, as well as different intrinsic and extrinsic motivators like different playing behavior/interests
and affections. The concept of the “strategic essentialism” (Spivak, 1990) shows that is sometimes
necessary to strengthen a specific stereotype in order to reinforce a group in long term. During NOLB,
the team got a clearer picture what kind of games, genre, themes, characters, etc., girls tend to like
and play (see Chapter 4). These were obviously not the same gaming preferences as those preferred
by boys. Thus, as a practical output of this thesis, a closed beta apk of this new flavor version has
been developed and uploaded to Google Play to conduct first user tests.
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The Create@@School app, which was developed during NOLB (see Section 3.4.1.1), is geared
towards schools and teachers. This individualized version of Pocket Code for schools already shows
great potential to create even more tailored tools (versions) and services to focus on specific target
groups and reinforce them as a result. This stands in contrast to the “One Size fits All”-solution
Pocket Code which may discourage several user groups. The author of this thesis is convinced that
a “flavored” version especially for girls would increase the number of female users and would thus
strengthen our female community as a result.

This section first presents the results of the focus group discussion as well as the game ideas devel-
oped by university design students. Subsequently, the concept for the new version for teenage girls
will be presented in reference to the PECC model components of Playing, Engagement, Creativity
and Coding.

5.3.1. Evaluation group discussions.

To create a concept for the new version for female teenagers, a focus group discussion with 10 girls
of two different age groups (12-13 years old, 14-15 years old) was conducted. This focus group
discussion was shepherded in October 2017 at “Akademisches Gymnasium”. During this interview,
girls created their “perfect” game ideas with the help of a playful design activity. The literature
suggests (Apptory, 2018; Onwuegbuzie et al., 2009) that the facilitator of such discussions should
pay attention, listen, be active, be respectful, keep track of time and context, ask open questions, and
ensure that all participants speak and feel comfortable. In contrast to focus group discussions during
NOLB (see Section 4.3.4), where the team asked many specific questions, this discussion was more
open and creative.

5.3.1.1. Preparation and setting.

For the preparation of the focus group discussion, several resources have been created to efficiently
ensure the involvement of the target group in the development process of the new app:

1. A questionnaire for defining a persona of each participant

This questionnaire consists of four parts. In the first part, demographic and questions to interests
have been asked (age, hobbies, favorite pet, star, movie, dream job, etc.). In the second part, questions
about coding and school subjects have been asked (coding experiences, favorite subjects). The third
part consists of questions related to smartphone use (do you have one, which OS, usage, favorite apps,
new apps, etc.). In the last part of the questionnaire, questions about the student’s playing behavior
have been asked (e.g., games, format, genre, favorite games, etc.).

3. Three potential app names for the new version have been defined

The idea was to already have three names for the app and to let the girls talk about the different
names and their associations with the names.

For an appropriate app name, certain criteria should be fulfilled. The list below summarizes rec-
ommendations from Google posts/blogs and team experiences and seems to be the most important in
reference to our target group of students under 15 years:

• The pronunciation should be clear and easy for international speakers.

238



5.3. RQ3/Case Study: PECC to Customize Pocket Code for Female Teenagers

• It should be clear how to write it if you hear it, which is also necessary for international speakers.

• Check for any bad meanings of similar sounding words in other languages.

• The new name must not be uncool for teenagers (main user group).

• There should be a first impression or “story” behind the name.

• It should sound nice and positive, with a warm feeling to it.

• It should use only two syllables like Google, Yahoo, YouTube, Apple, etc.

In addition, it is important that no existing trademark in the US, the European Union, China, Korea,
or Japan exits, and to check for domain names and Google search results. In reference to the list,
potential names have been defined by different groups. One app name has been created by the Catrobat
design/UX team, one by our focus group (a class of 19 girls at Akademisches Gymnasium which had
used Pocket Code already), and the last app name by the author herself. The three names are:

• Pixie Code (Catrobat UX/design team)

• Make(IT)up (focus group)

As a class activity with Teacher 7 (see Section 3.5.2), the girls had the task of collecting groups of 3-
4 app name ideas for the new version for girls. This class already had Create@@School lessons during
NOLB (see course number 19). At the end of the session, seven names were proposed by them. Every
girl could vote several times and could use two votes at once for one name. The result showed the
following: Make(IT)up (21 votes), Nail.IT (20 votes), PrincessCode (11 votes), [PP] PrincessProgram
(11 votes), Girls Clip (3 votes), SpeedGames (1 vote), and GlitterSplitter (1 vote). Unfortunately, not
all names have a positive meaning but the girls who have mostly German as a mother tongue were not
aware of this.

• Luna&Cat (author)

Our project is inspired by the MIT Scratch project. The Scratch platform has the “Scratch Cat”
as a logo (see Figure 5.12). In addition, “Luna Cat” is a side character of the animation TV series
“Sailor Moon” which was very popular in the 90s (and also loved by the author) (see Figure 5.12).
This was the author’s inspiration for that name (the author owned also a cat with the name Luna).
With “Luna&Cat” there are no copyright issues and it should refer to a girl and her cat.

Figure 5.12.: MIT Scratch logo (Resnick et al., 2009) and Luna Cat from Sailor Moon (MyAnimeList,
2015).

These three names were printed on paper to provide one starting point for the discussion.
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4. Several colored community webshare screenshot examples (see Figure 5.13).

Figure 5.13.: Screenshots that show different colorings of the community webshare platform.

The first screenshot shows the default community webshare color, and the second (violet) was the
themed community webshare color during the Alice Game Jam event of the wall of fame page. The
goal was again to provide a starting point for a discussion and to see associations to different colors.

5. Idea cards for the game idea development

Since, most girls are not that familiar with playing games (most of the 10 girls conformed to this),
the author provided some idea cards with defined genres, themes, and characters:

• Genres: adventure, action, puzzle, quiz, strategy, simulation, platform, shooter, RGP, jump’n’run,
Skill, racing, music, education, sports

• Theme: criminal/detective, science fiction, fantasy, time travelling, middle ages, horror, ro-
mance, travel, sports, fashion & trends, nature, jungle, desert, space, future

• Characters: animals, witch/magician, zombies, vampires, aliens, monster, mythical creatures,
girlfriends, stars, pony, cars, woman, man, werewolf, ghost, king/queen, princess/prince, hero,
children

These terms were printed on three different colored papers to help the group in their game design
process. First, the girls got blank cards with the task of thinking about a genre, theme, and characters
(these terms have been discussed or explained to them beforehand). The goal was not to influence
them but first to show them what they could use and second, they received the idea cards as a support.

Both focus group discussions were conducted on the 30th of October 2017. First, with five female
students in eighth grade (students aged 13-14) and second, with five female students in seventh grade
(students aged 12-13). The duration for both was 50 minutes. To motivate them, one Pocket Code
t-shirt was drawn among them at the end of the day. Every student was allocated a number (1-10) to
protect their anonymity and their parents had to sign a letter of consent in advance.

First, the context was explained by a brief description of Pocket Code (functionalities, what you
can do with it, etc.). Second, the rules and goals was described to the participants:

“The aim of this focus group discussion is to learn how we can improve Pocket Code, so that the app
can be optimized to your needs and requirements. That’s why I am looking forward to your inputs and
opinions. Your feedback will be treated anonymously and passed on to our designers and developers.
I ask you to answer honestly. You are the ones who will speak. I want to hear everyone’s opinions, so
it may be that I will address you directly. There are no right or wrong answers: each of your opinions
is important. Everything that is discussed will be recorded on tape. However, you should still be
aware of your anonymity and not mention your names. Are there any further questions?”

Third, the schedule was discussed, and then they filled out the questionnaire. After that, as an ice
breaker we discussed their favorite pets and stars. Then, the group continued with discussing the app
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name, community webshare color, and finally, they started thinking about their game ideas with the
help of the idea cards. Figure 5.14 provides an impression of the creation process of the game ideas.

Figure 5.14.: Game ideas creation process during the focus group discussion.

5.3.1.2. Results: focus group discussion.

For the evaluation in short, answers from the focus group to the app name and the community web-
share colors will be presented. Furthermore, the game idea per participant will be described. These
ideas were subsequently used as an input for a design workshop at the University of Applied Sciences
(see Section 5.3.1.3). The goal was to integrate these games as featured games for the new version
for girls.

Results: app name and community sharing platform

The evaluation concerning the app name in seventh grade shows the following results:

• Pixie Code (1), Make(IT)up (3), Luna&Cat (1)

The one girl who chose Luna&Cat said that she loves cats and Luna is a nice name. Make(IT)up
was chosen because the other two names sounded boring and this name is very appealing, one can
imagine what kind of app it is, and they would definitely download it.

The opinions about the app name from eighth grade were the following:

• Pixie Code (1), Make(IT)up (4), Luna&Cat (0)

Pixie Code was described as too similar to Pocket Code or as too childish. Make(IT)up was pre-
ferred because it sounds girly and it already gives a clue about the kind of app it. Luna&Cat did not
made any sense to them.

The discussion about the coloring for the community sharing platform showed the following in
seventh grade: One girl said that she would prefer violet because it is not used only for girls like pink
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or red is. In addition, they mentioned yellow, green, magenta, or turquoise as fitting. A reason named
was that these colors are very bright and friendly. Two of the girls said they love pink.

In eighth grade, the results showed that all said that they would prefer pink or red as their first
choice because the app is for girls, even if they did not consider them as their favorite colors. Other
mentions were turquoise or green. The color red was associated with happiness as well.

In addition, the facilitator asked the group what the app would need so that they would download
it and use it. Participants from seventh grade mentioned that it should have many functionalities,
be well-structured, provide updates with new features, and not be too difficult to use. One girl said
that she wants to have pre-prepared assets and that it should provide the possibility to customize
assets (e.g., to create a man with blue eyes-like in “The Sims” or “Movie Star Planet”). Participants
from eighth grade said that the app should be well structured as well, and it should provide tutorials.
The app should be mostly self-explanatory (one said she hated to watch tutorial videos). It was also
mentioned that the app should not need too much memory or battery and no internet connection should
be requested.

Results: game idea interventions

Although 4 out of 10 said in the questionnaire that they never played any computer games at all,
all of them knew exactly what their perfect game should look like. In the Table 5.7 (participant no.
1-5: eighth grade) and in Table 5.8 (participant no. 6-10: seventh grade), are the idea cards used per
participant and the idea of each game is presented in short.
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Table 5.7.: Game idea: participants number 1-5, Grade 8
Participant number 1

Genre adventure, strategy, RPG, jump’n’run
Theme nature, future, fantasy
Character animals with special skills, people to customize, a witch, fantasy creatures
Other
notes no shooter weapons, open world with quests

Game
idea

open world (but limited), you can choose characters by yourself (define their
special skills), you have to help people, if you fulfill a task you get
something, e.g. tools, or something to wear or to build other items, the game
take place in the future: apocalyptic mood (survivals, zombies)

Participant number 2
Genre jump’n’run, music
Theme romance, music
Character a girl on a skateboard and friends to meet
Other
notes skateboarding, piano in the background

Game
idea

a girl on a skateboard, she meets a friend, there is a romance with a boy,
you win if they get married (on the skateboard!)

Participant number 3
Genre fashion, RPG
Theme Make-up, hair, clothes, farm, horse stable
Character old women, a farmer and animals
Game
idea

an elderly woman enters a fashion shop, you have to put on makeup until
she is young again

Participant number 4
Genre RPG
Theme criminal/detective game
Character Red John, Patrick Jane, Richard Castle
Other notes you can choose if you are the murderer or the detective in the game
Game
idea

a detective game, but they should be clever not as dump as in the most
games, it should be cool like in “Death Note” or “The Mentalist”

Participant number 5
Genre RPG
Theme art, nature
Character pony, dog (golden retriever), a flower

Game
idea

you are a flower that has to pass different tasks, e.g., minigames or jump and
run, there is a dog and a pony who give you new tasks, you become friends
with them, you travel around the world with friends and keep leveling up.
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Table 5.8.: Game idea: participants number 6-10, Grade 7
Participant number 6

Genre adventure, jump’n’run
Theme Disney, forest, future, desert
Character children, animals

Game
idea

the children must save the future of the planet, a machine should bring the world
back to normality (if it is switched on), but if the children become older they
will become cyborgs, therefore, they have to collect certain magic potions
which make them young again, they have to run until they find the machine
(there are 50 levels), you have a limited number of time or meters, if you do
not collect all the potions, you will become older and turn into a cyborg

Participant number 7
Genre adventure, sport
Theme horror, middle age, nature, jungle
Character animals (a tiger)

Game
idea

the game takes place in the jungle in the Middle Ages, you are a tiger-it is
scary and horror-like, the tiger baby has been kidnapped and you have to save
it

Participant number 8
Genre adventure
Theme fantasy
Character witches and magicians, people
Other notes create new worlds, people who develop, fun
Game
idea

create your own characters, travel to different worlds and get better; there
are fantasy people, evil and good sides

Participant number 9
Genre puzzle, quiz
Theme space
Character prince, princess, stars
Other notes mix of cities, landscapes, animals

Game
idea

you play in a small world which is totally blank, you build your own city,
you meet people who ask you questions and provide puzzles per level, with every
quest you level up; in a higher level you get a royal palace (become a princess and
then a queen), you can go to concerts and plays infinitely
(no winning-no losing)

Participant number 10
Genre action, adventure, strategy
Theme horror
Character fantasy creatures, ghost, birds, cats, lions
Other notes to save somebody, collect items, missions

Game
idea

multi and single player mode is possible, you can customize the character by
yourself, children are searching for their parents, there are 3 keys in every
world to find which one opens a new portal into the next world, there are
obstacles, good and evil people, a boss fight at the end of every level, 3
books must be found to open the last portal to find the parents again.
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These creative game ideas built the basis for the Pocket Code workshop with master students at the
University of Applied Sciences.

5.3.1.3. Results: persona and games.

A number of 14 university students (female students = 9, male students = 5) from the first year of
the master’s degree program “Industrial Design” took part in this 10 1/2 hour workshop (14 ECTS)
during 2 weeks in November 2017. The university students aged 23 to 28 divided into groups of five.
Most of them said they do not play games in their leisure time (only three of the male students play
games and one of the female students). The goal of the workshop was to create or design one of the
10 game ideas invented by the focus group (see last section). Therefore, they got the idea cards of one
participant (not the game idea) and here filled out questionnaire.

During this workshop, 5 out of 10 game ideas were developed further. For that, personas and
game design ideas were developed on the basis of the questionnaires. A persona is a description
of user characteristics and her/his aims (Cooper, 2003). According to Cooper, who first introduced
the concept of “persona” in the HCI community, a persona should be presented in text and/or image
and it is usually generated to help designers to understand, describe, and define user preferences and
behavior patterns. At the end of this workshop, their findings were presented per group, e.g., as a
mock-up or a Pocket Code program. All groups had at least something to present at the end, either
a concept and assets (2), persona (3), or half-finished Pocket Code programs (3). One group created
their whole game with the programming engine “Processing”93. In the following section, the output
per group will be presented. In addition, the author adapted or added missing personas and screenshots
of the games.

Project 1: CatWalk

Game cards from focus group participant 10 (see Figure 5.15)

Group of 3 female university students94

93Processing: https://processing.org
94Moschik Maria, Mathis Eva, Schlacher Sabine
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Figure 5.15.: Persona created for participant number 10.

Genre: Action; Theme: Horror; Main character: cat

Side character: mummies, crocodiles, cactus, godfather, tools; Goal: Catch, Solve

MD: levels/status, challenges/achievements; A: sensation, discovery

Story: A cat lands in the time machine of its owner, she starts in ancient Egypt and tries to get
through different time periods back to her owner. She encounters enemies/obstacles from the time
periods.

Similar games: Canabalt, Temple Run, Super Mario Run, Causality

Figure 5.16.: Gaming concept for CatWalk.

This group provided the assets, the persona (adjusted by the author), the concept, and 2 half-finished
programs in Pocket Code. The Pocket Code programs did not work correctly (the movement of the
cat was not right).
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Project 2: MagicAndMore

Game idea of focus group participant 8 (see Figure 5.17)

Group of 2 male and one female university students95

Figure 5.17.: Persona created for participant number 8.

Genre: adventure; Theme: fantasy; Main character: woman (ferry)

Goal: Territorial; MD: levels/status, challenges/achievements A: sensation, fantasy, narrative, dis-
covery

Story: You can choose between three female characters at the beginning. You have to solve
minigames at three islands. In the first level, you have to save the city from burning down. You
need to conquer each island through minigames.

95Lackner Florian, Ortner Adriana, Wintschnig Michael
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Figure 5.18.: Gaming concept for MagicAndMore.

Students who chose this gaming idea used the coding engine “Processing” and developed a fully
functional game with it. The also provided the assets but no overall concept for the game and no
persona for participant number 8.

Project 3: MelodicRider

Game idea of focus group participant 2 (see Figure 5.19)

Group of 2 female and one male university students96

96Kremser Alexander, Aron Larissa, Unteregger Sara
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Figure 5.19.: Persona created for participant number 2.

Genre: jump&run; Theme: music, romance; Main character: skater girl

Goal: Capture; MD: points/reward, levels/status, challenges/achievements; A: challenge

Story: The world is dominated by music and skater girl has never left the village. She has “a
special beat” and is looking for someone who has a similar one. She skates through unknown areas to
get a feeling for rhythm.

Gaming world: colorful, cool, bright and friendly colors, music according to age, direction of
electric guitar and electronic music, graffiti, roads, city, obstacles

Game logic: side scroller, flat design, every level has new music, points for right tones, new tricks,
colors with each level, the more clashes the more points, jump = tap
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Similar games: Beat Buddy, RayMan, Guitar Hero/Rock Band, Beat Sneak Bandits, Tony Hawk,
Lego Island, Skate 3

Figure 5.20.: Gaming concept for Melodic Rider.

These group presented a concept with the gaming idea, persona (enhanced by the author), and all
assets and screens. This group did not develop a game in Pocket Code.

Project 4: Princess Universe

Game idea of focus group participant 9 (see Figure 5.21)

Group of 3 female university students97

Figure 5.21.: Persona created for participant number 9.

97Moder Elisabeth, Rentschler Verena, Heckenast Nadine
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Genre: action, quiz; Theme: space; Main character: princess-ferry

Goal: Capture/Avoid, Solve; MD: points/reward, levels/status; A: fantasy

Story: The main goal of her mission is to explore the universe and answer questions. The princess
ferry visits different planets (Uranus, Saturn) and has to catch stars and lives and avoid the planets.

Game logic: button-up scroller; Similar games: Doodle Jump

Figure 5.22.: Game concept of Princess of the Universe.

This group presented a persona (enhanced by the author), a short concept and all game assets. The
group developed their game in Pocket Code but some functionalities were missing, e.g., no catching
of stars or hearts, no questions and no end.

Project 5: Wendy & Randy

Game idea of focus group participant 5 (see Figure 5.23)

Group of 2 male university students98

98Sahin Christian, Wünscher Simon
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Figure 5.23.: Persona created for participant number 5.

Genre: jump&run; Theme: nature; Main character: dog, pony (unicorn)

Side characters: sunflowers; Goal: Collect; MD: points/reward; A: sensation, challenge

Story: Randy, a dog, has to catch sunflowers. Wendy the unicorn helps him at night and collects
stars. Attention: There are small sandstorms. If you hit them Wendy disappears (and it is day again)
and you lose a mushroom (life). The more sunflowers you catch the uglier the world around you
becomes.

Figure 5.24.: Game concept of Wendy&Randy.

This group only submitted the game in Pocket Code and used the graphics of our media library.
There is no end scene of the game (it ends if you reach 30 points) and the losing of lives has no
consequence.
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On the basis of concepts, assets, and half-finished Pocket Code games, the author started to develop
the games in Pocket Code and to design banners for the community webshare view (with the help of
Catrobat’s design team).

5.3.2. Luna&Cat: a first concept to reinforce female teenagers.

Based on the focus group discussion, the PECC model helped as well to develop a concept for the
girl’s version of Pocket Code. Finally, the name chosen for this version is Luna&Cat. Although more
of the girls voted for Make(IT)up, the name has an overall bad meaning. “To make something up”
means to compensate for something or to repair something. Luna&Cat sounds nice and seems to be
very appealing to our focus group. Within the logo, you see only a moon and a cat but obviously, Luna
is the name of a girl, and her companion is the cat. One see Luna (the girl) in the Google Play banner.
We asked the female students only to define a color for the community webshare. The reason is that
in a planned future development users are allowed to choose between different themes in all apps,
thus allowing customization. This should subsequently also affect the community webshare which
already happened during the Alice Game Jam event. The violet used for that jam was very appealing
and was rated very positively by the focus group as well. The color seems not to be too girly and is
very friendly and bright. However, since the app has been described as too dark and blue, the first
version of the app will be violet as well (without the option to switch colors). Figure 5.25 shows the
new launcher icon, the themed UI of the app, and the new community webshare view with featured
games. The second screenshot shows the new example game of Luna&Cat “penguin dance”.
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Figure 5.25.: Luna&Cat Logo, UI, and community webshare.

Luna&Cat is available at Google Play as a closed apk (see Figure 5.26). Thus, it is accessible for
everyone who gets the permission to download it. In that way, the team could use the app for first
usability tests and in August 2018 for a girls-only workshop (see Section 6.2). Since all school tablets
have the same google account we can easily download the Luna&Cat beta apk on all tablets.
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Figure 5.26.: Google Play Store: closed beta apk.

To optimize the store listing on Google Play, Google proposes to run experiments, for instance, to
find the most effective graphics for the app (Google, 2018; Google Developer, 2018). Thus, developers
are able to include variants of the app’s icon, feature graphic, screenshots and promo videos. The app
icon plays an important role in whether people choose the app from search results and category lists
or not. Furthermore, the screenshots and brief descriptions for the icons are important, as users will
see them when they select the app from the provided results list.

5.3.2.1. PECC model: to foster playing and engagement with Luna&Cat.

The literature review (see Section 2.4.2.4) and observations during NOLB showed the importance of
female teenagers seeing games they like and letting them play. Designing gender-sensitive games
is a promising approach to close the gender gap (Martinson, 2005). One study (Heeter et al., 2000)
examined the topic and found that games designed by girls were ranked higher by female teenagers
than by male teenagers. In addition, they considered them to be significantly better for learning than
the boys’ games.

During the Pocket Code units, there were several times that male students shouted through the class
“Cool, there is a Star Wars/Alien shooter game” etc., whereas their female colleagues usually only
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played games created by their female peers or they played the example bird game. Currently, the
recommended games in the community webshare sections are very similar, except for the random
and new programs category. For newly uploaded programs, it is very difficult to reach the most
downloaded/most viewed section at all. Currently, there are more than 45,800 programs and 1,252,460
program downloads99. Thus, we see that our users love to download and play existing games, create
and design similar games, or remix existing ones (i.e., a game created on the basis of another game).
For our users, it is a challenge to redesign popular games, and the community webshare is full of
new versions of programs, like cookie catcher, ping pong, pacman, or skill games, like tic tac toe.
To conclude, sharing is critical in the PECC model as well (see PECC Guidelines in Appendix A.4).
Many successful apps have a very active community; see Pinterest, YouTube, or Instagram. The
community is essential to feeling engaged. People who are part of this community want to feel a
sense of belonging as well.

With Luna&Cat we can present the female teenagers more than just a nice app. Above all, we
can give them appealing featured games created on basis of the ideas from our focus group. Four of
the five games from the design workshop (see Section 5.3.1.3) have been adopted or refactored and
are now available on the Luna&Cat community webshare of the app (see Figure 5.27). The game
“Wendy&Rendy” has not been refactored, because the gameplay was not logical and the university
students used graphics from our Catrobat Media Library. Some games such as “CatWalk” provide a
scene with additional graphics to add a second level, or Magic&More an opportunity to integrate two
more level. In addition, two more games have been chosen as featured games, either created by female
participants of this year’s Google Code-In completion (“The boy who cried wolf”- a story telling game
made by a female teenager) or from a girls group during NOLB (“Wer is der Mörder?”). Participant
number 4 of the focus group discussion also mentioned that she want to have criminal/detective story
game, thus we added this game to the Luna&Cat webshare view as well. The new featured games are
fascinating, provide appealing assets, themes and interesting genres for female teenagers.

Figure 5.27.: Banner for the new featured games of Luna&Cat.

Moreover, a new starter game has been chosen for the app (see Figure 5.25). The starter game from
Pocket Code shows a bird which is flying in the sky. This bird game has been adapted and replaced
by the penguin from the Pocket Code family (the penguin is the most often chosen animal from the
Pocket Code family by the target group) who is dancing instead of flying. Furthermore, the sky has
been replaced by a violet hill background, which better suits the app as a whole. One important part
of the PECC model states “Let students play”. With this small but meaningful change, girls should be
encouraged to play and have fun.

99State of 02.02.2018
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Another important action was a closer look at our available YouTube videos. Within the question-
naire, the focus group was asked how to they find or search for new apps. The preferred answer from
all was “Through the App Store” (answers App Store: 9, friends:7, youtube:1, advertisements:1).
This matches with the research: YouTube is the most popular form of media for students between
13-24 year-olds; 96% of that age group spends an average of 11 hours a week on watching online
videos (DEFY Media, 2017). Men in general spend 44% more time on YouTube per month than
women (Blattberg, 2015) and women have very stereotyped preferences (female-dominated YouTube
categories: makeup & cosmetics, skin & nail care, or pop music, in contrast with men, who search
more for games, gaming consoles, and sports). Videos on YouTube have the potential for present-
ing tutorials, step-to-step guidelines, games, and promotion videos. A lot of Pocket Code videos
already exist100, mostly created by Pocket Code users themselves (e.g., it was also a task during GCI
to provide a video for the games that were created). Some videos are from teachers and facilitators,
and some are from very young users from foreign countries like Korea, Japan or Russia. Recently,
YouTube states the gender/age per viewed video. This showed us that our promotion video “Pocket
Code-create your own games, directly on your phone!”101 is mostly viewed by male users between
13 to 35 years old which exceeds the number of female users( see Figure 5.28).

Figure 5.28.: YouTube statistic to "Pocket Code-create your own games, directly on your phone!"
views per user/gender.

Considering this figure, it was very important for the author to create a new promotion video for
our female target group (see Figure 5.29). This video is available at Google Play to give our female
users first impressions about the app.

100Youtube Pocket Code search: https://www.youtube.com/results?searchquery = pocket +code
101YouTube Pocket Code: https://www.youtube.com/watch?v=BHe2r2WU-T8
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Figure 5.29.: New promotion video for Luna&Cat.

5.3.2.2. PECC model: to support creativity and coding with Luna&Cat.

To support female students’ creativity, it is not only important to allow them to draw assets or to give
them enough time during game design, but also to provide assets they can use, adopt, or even cus-
tomize. This allows personalization, self-expression, and builds a sense of ownership. In addition,
with professionally designed assets the games become much nicer, more beautiful, and more appeal-
ing. The NOLB courses and the PECC activity again show how important it is for female teenagers
to have nice and appealing games of their own.

Figure 5.30.: Catrobat Media Li-
brary: Build your
own character.

Thus, it is essential to expand our media library continuously.
Assets like the one used in the RPG template allow the user to build
own game characters, (see Section 4.3.5.2, Figure 5.30). Further-
more, assets from the new featured games are available for down-
load in the media library and, in addition, Luna and the cat are
available as well (see Figure 5.31).

By using the core functionality of the app — the coding — stu-
dents can create games and animations with the use of a visual
block based language. The authors research showed that no dif-
ferences could be observed according the functional structure of
students’ games among genders (see Section 4.4.2). Comments
concerning the app itself showed that users of all genders wish that
the app would become more clearly structured and easier to use. Therefore, the whole Catroid team
works at the time of writing this thesis on refactoring and redesign tasks to make the app more ap-
pealing for our whole target group.
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Figure 5.31.: For the Catrobat
Media Library:
Luna and her cat.

To conclude, Luna&Cat has the same programming functional-
ity as the default Pocket Code app. To support our female students
in their coding, two missing functionalities that were mentioned in
surveys, interviews, and focus group discussions by females in par-
ticular during NOLB and in Section 5.2 need our urgent attention:

• Provide whole media packages and predefined objects

• Provide functions and starter programs with tutorials

With the download of whole media packages, users can start
with a new program which already integrates all assets, e.g., for
creating a space themed game (backgrounds, objects with different
looks, etc.). Thus, a perfect starting point is provided, to create
personalized and sophisticated worlds, which is important to fulfil
the creativity component of PECC. For many objects, several different looks exist within the media
library to build movements or other kinds of animations. Currently, it is very time-consuming to
download each look separately. Predefined objects can help to provide all looks for one object with the
bricks, e.g., for the animation. The download of media packages is not only helpful for Luna&Cat but
for all our apps. Within the Create@@School app, we already provided templates that were especially
designed for girls (see Section 3.4.2.2). The evaluation showed that these either were useful only for
advanced users or cannot be used without guidance, i.e., outside school. Overall, the concept of the
templates is good, but the templates by themselves make no sense for the default user outside school,
like already discussed in the summary of NOLB (see Section 4.7). Each template is connected with a
tutorial for teachers and students. For the default user who starts without help, easier starter programs
must be provided. Currently, they are part of our tutorial page but there are some considerations to
make them as part of the app, like the pre-coded templates in Create@@School. The advantage is
that if a user finds them easier, they can download them in the language of their phone, choose the
preferred orientation, or merge them directly in one of their existing programs. If it is necessary to
have a tutorial as well, a solution via web-view would be the most efficient. Thus, it is possible to
swipe it in if you need it and out again. This concepts are currently in discussion and will be integrated
after the refactoring work of our Catroid team.

In Scratch, users have the possibility to create their own customized bricks which act as subscripts
(sub-functions). These kinds of blocks can have input like a string or a number. Userbricks in Pocket
Code are currently in development but on-hold. Userbricks can provide predefined functions to merge
into private projects or to share with others. Figure 5.32 shows a prototype in Pocket Code. Such
blocks help with difficult coding parts to create more advanced programs without any guidance.
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Figure 5.32.: "My bricks" in Pocket Code.

In addition, new websites developed during
CS4HS 2017102 are available online. The first
website is an online course for tinkering with
the Pocket Code103 (focused on the use of mo-
bile sensors), while the second one is a new ed-
ucational website104 with new brick documen-
tations (with videos, examples, etc.), How-To’s
(for animations, effects, games, stories, and
sounds), and other useful content. Therefore,
a lot of the existing educational material was
adopted and adjusted to be more similar to the
useful Scratch tutorials. Each of these tutorials
comes with a short starter program to download
(see Figure 5.33).

Figure 5.33.: New education website with useful “How to’s”.

To conclude, Luna&Cat should help, first, to build a new and large community of active female
users, second, to provide interesting programs and an appealing environment, and third, to code indi-
vidualized games by providing girls with ideas, tutorials, functionality, and more appealing assets.

5.4. Discussion of Results

The PECC model and guidelines have been developed and evaluated over a five month test period.
Thus, the PECC has been applied to two courses to test if it is applicable for use to reinforce female
teenagers through girls-only PECC-activities. With the help of a focus discussion group and design
students, the new app Luna&Cat has been developed to be especially attractive for our female target
group.

102CS4HS: https://cs4hs.cs.washington.edu/
103Catrobatblog: https://catrobatblog.wordpress.com/education/tinkering-with-your-phone/
104Catrobatblog 2: https://catrobatblog.wordpress.com/education/
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5.4.1. Discussion RQ1.

The aim of Research Question 1 was to build the PECC model to organize playful, engaging, and
creative coding activities to encourage (female) teenagers in computer science. The PECC model has
been constructed to support different learning situations in coding, considers different approaches, and
most of all it is gender-sensitive and not limited to a specific coding environment/tool. Thus, to apply it
to different learning contexts and validating its applicability and usefulness, is highly desirable. PECC
is based on relevant literature and findings about female teenagers (see Section 2.3 and Section 2.4).
The author argues that it can be used to foster all genders but it is most importantly used to focus
distinctly on girls who are starting to learn about coding. However, a more gender sensitive approach
is indeed to provide benefits for all and one should not draw the conclusion that computer science
could only be taught in gender homogeneous courses. The model should serve to make all its users
(students, teachers, and facilitators) more gender sensitive. The literature argues (see Section 2.4.1.1)
that female teenagers in particular feel a “lack of fitting in” in technical areas. Male students seems to
struggle less with their sense of belonging to technical fields because our environment confirms them
as “more suitable” for tech. Hence, computer science education in or outside of school plays a very
important role for female teenagers. Either they have their doubts confirmed and exclude computer
science completely, or are supported in order to become confident, motivated, and excited to develop
new ideas and to take an important role in the digital world of tomorrow.

The goal of PECC is not to train all students to become game designers. It simply presents a playful
approach of how to use coding while at the same time producing something that makes fun and most
of all makes sense. For female teenagers it is important that tasks are goal oriented. Making a game
is less challenging or motivating for them (as perhaps it is for boys) than telling them, for instance, to
define a genre, theme, and a goal for games. Interviews and focus group discussions show that female
teenagers have a sense for games and like to play. In a school setting, the risk is so much higher that
students do not feel intrinsically motivated to design and create the games. Observations showed that
male students more likely see such lessons as a welcoming and playful alternative to regular lessons
than female students do. However, this is only true for higher grades (students older than 14 years).
Grade 9 female students are more task and (learning) goal oriented than female students from lower
grades. These observations are in line with the findings of the literature (see Section 2.4.1.4) and our
results (see Section 4.4.3). Thus, the author proposes to start with PECC activities in lower grades.
Experiences during NOLB and related literature suggest that the best age for starting with Pocket
Code is in the seventh to eight grade (12 to 14 year olds).

In all STEM fields, it is indispensable to show and teach practical examples. As described in
Section 2.2.2.2, the connection between playing/creating a game and future benefits is not as obvious
as, for instance, conducting an experiment in physics class. Therefore, it is essential to draw the line to
real life applications for jobs, and to define meaningful learning goals in respect to gender preferences.

Concerning the appropriate team sizes for coding activities, the author had mixed experiences. The
best results could be achieved if students worked individually but with a common goal. In these
classes the atmosphere was more relaxed, communication was more natural (meaning there was room
for communication), and there was a greater feeling of ownership for the program that was created.
However, in most IT professions and university projects, people are encouraged to work in teams. The
ideal of the programmer who works on his own on one separate task is not the situation in reality. In
reality, people are mostly part of a multidisciplinary team, have more responsibilities, and thus are able
to gain knowledge in different fields and practices by switching projects and roles. Thus, teamwork
should also be reinforced in PECC activities, but in a manner that is more guided and focused.
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Gender sensitive language is important in all contexts; for example, to get a different perception of
special professional groups, gender sensitive language must be considered in job advertisements or for
the general workplace environment in an organization (see Section 2.4.1.2). However, gender related
assignments start in the early childhood and are carried forward into kindergarten and junior levels.
As a result, girls in high school are convinced that STEM is something for boys and teenage girls
are grouped below a “hegemonic masculinity” society, which is seen as a cultural norm that connects
men more to power and economic achievements (Connell, 1995). Thus, it is essential to be gender
sensitive especially in STEM fields, to not foster stereotypes, and to assist students in their learning
and production. It is not the aim of this thesis, in the scope of the wide range of this topic, to deal
with all the issues merely touched upon by the brief description above. Gender sensitive education
and gender awareness in schools is a relatively young research topic which is far from integrated
into practice, and hardly any teachers are trained in gender contexts. In Section 2.4.1.2, the first
considerations and the offering of gender trainings for teachers is discussed, but this is all only at the
beginning of the process. In the future, the author will prepare and conduct such courses for students
who will become computer science teachers (staring with trainers of the CoMaed courses at TU Graz).

In interviews, female students mentioned that they love to draw and to be creative, but considered
themselves as not good in it. In each class, there are often one or two students who are good at
drawing. It is very disappointing to begin with an idea in mind and end up with a game that looks
very different. Thus, the author focused on providing new assets on a regular basis which cover
different topics (e.g., Magic, Easter, Carnival), or to ask for new assets ideas. For instance, for course
number 11 the group had the choice to let their needed artwork be designed by the Catrobat design
team. Scratch, for instance, has used the same media library for more than 10 years and fosters their
users in sharing their artwork. During GCI’17105 we asked our community to do the same. Many
graphics have been created but they are either not that professional, or made by boys, which means
many images of cars, tools, etc. could be collected. Here again, the focus lies on providing a variety
and also diversity of different graphics; it would be more ideal to represent different racial groups,
cultures, or preferences in the future. Currently, the Catrobat Media Library is quite unstructured and
one has to scroll down a huge list of different assets (with a bad internet connection this could be very
time-consuming). Thus, the proposed media packages in Section 5.3.2.2 are one good solution.

The NOLB GMTF was very helpful to developing PECC. On the one hand, the GMTF, which
focuses on teachers, refers to the different stages of the course (preparing, objectives, and assessment)
and provides a structure. On the other hand, the model is more informative and theoretical than PECC,
focuses mainly on the game development part, and is not applicable outside of school or to other
coding tools. The GMTF covers specific steps important for schools, e.g., it considers school visions
and beliefs, and curriculum adaptation and mapping. Thus, it can serve as an additional supportive
framework for teachers, especially for those who have no technical background. The target group of
the non-technical teachers was very important during NOLB as well as the assessment and the learning
goal. The target group of PECC are any facilitators who want to use PECC activities in a more gender
sensitive and extended area. The assessment is also part of PECC but only optionally. During NOLB,
the team observed that most of the time teachers did not see the need to grade the students’ programs
and some were just interested in if their students fulfilled the learning goal. With the NOLB PMD (see
Section 3.4.2.5) the NOLB team strived to help teachers. Teachers who participated during NOLB in
Austria did not see the value of the PMD. For them it was more informative and they did not use it for
grading or further actions (e.g., adjustments based on the behavioral measurements). The PMD and

105Google Code In: https://codein.withgoogle.com/
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the analytics tool was very interesting from a researcher’s point of view, but needs more adoption to be
helpful for teachers. Some of the proposed evaluations have been adopted for the PECC assessment
sheet (see Appendix A.6). GMTF and its services were focused a lot on the game creation and on the
final product itself. PECC in contrast also considers the introduction stage as important, whereas this
is not a part in the GMTF.

PECC draws upon the GDBL approach or other models like PLE/CPL or the GERD model. PLE
(see Section 2.2.2.1) supports the concepts of playfulness, collaboration, and creativity as well while
focusing on emotions as a key role in thinking and learning. Furthermore, it structures the course
in three parts: orientation lesson, game idea creation, playing phase. In contrast to PECC, the PLE
concept does not focus on the game creation process but more on the creation of the idea. Thus, in
their case studies, students (up to 10 years old) create their ideas in teams but never realize them with
tools. However, it still fosters their creative thinking skills. PECC, in contrast, focuses more on the
coding and designing process in practice. GDFs concentrate more on advanced coding environments
and existing game development kits. GDBL also focuses on goal-oriented lectures, providing starter
lessons, and collaboration, but is very focused on school environments and includes scoring, perfor-
mance, and school limitations as well. This model also takes into account two forms of creating games
(learning by creating games/modifying games) by setting the course aim and implicitly integrating the
exchange of feedback and guidance between student and teacher. Thus, it again follows “rules” of the
school system in a way similar to GMTF and is thus very focused on task completion and teachers.
The GERD model (see Section 2.4.2.5) has been developed by Uni Bremen106 but to the best of the
author’s knowledge, it has not be translated into English until now and is only available in German.
This model integrates a lot of tasks explicitly which are only mentioned in the PECC guidelines, e.g.,
language and values, and it is more focused on people who have not already dealt with gender and
diversity in their research or software development. Thus, it connects gender studies and computer
science issues and how gender and diversity can be included. In addition, a “reflection catalog” is
offered. This model targets researchers and developers, not teachers or students, but it has helped in
integrating the gender aspects to PECC.

For PECC it was essential to provide a picture for the whole coding course and take into account the
intrinsic and extrinsic motivators as well. Thus, PECC should serve as an applicable practical model
for coding facilitators and environments.

5.4.2. Discussion RQ2.

The aim of Research Question 2 was to design girls-only PECC activities and to evaluate its positive
influence in girls’ performance and extrinsic/intrinsic motivation in regard to coding. This case study
had some limitations. First, the sample was very small, second, the activity was part of the regular
school units, which always compete with the intrinsic and extrinsic motivators (it would be beneficial
to test PECC outside the school setting as well), and third, the game idea was not part of their cur-
riculum (planets). However, the course provides a good starting point for further analysis and case
studies.

Observations showed that girls from both groups were again very precise in their work (e.g., cutting
out, placing their objects, adopting small steps to make their program better etc.). For these units, the
analysis of the audio records were important for the author to identify differences in the questions

106GERD model: http://www.informatik.uni-bremen.de/soteg/gerd/?action=modell
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asked. However, students in both groups collaborated less, did not help each other, and were more
likely to ask the facilitator than their peers which was intentional to collect asked questions. This stood
in contrast to the boys, who were more likely to try it out on their own. The classroom atmosphere
was seen very positively by all in the test group. It was not noisy, everyone was concentrated on their
work but at the same time communicated a lot, and it was very pleasant, whereas in the second units,
the classroom climate in the control group was very noisy and more stressful. Another important
observation was that the self-created template (“bricks on paper” activity) was mostly seen as very
positive, and students had less questions during the coding units. However, some students from both
groups only added brick by brick to their Pocket Code program (with the help of their template)
without testing their program. Thus, they were left wondering at the end why the program did not
work correctly. For future activities, it is important to provide them with more sub-goals, e.g., to test
every step, and to not code the objects separately but in a parallel sessions (e.g., when using broadcast
messages).

Even if the sample size was too small to show significant results (and the predefined hypothesis
can not be validated) in the quantitative evaluation, the results are still interesting. In addition, the
questionnaires that were developed have the potential to serve as an effective tool to measure intrinsic
motivators of the PECC model in the future, thus they will be used for further research studies as well.
The evaluation of the intrinsic motivator “Interest” showed that the interest level was higher in the test
group than in the control group. Answers to the intrinsic motivator “Self-efficiency” let conclude that
students of the test group had a higher confidence in using the app. Furthermore, they had the feeling
they learned something new, and were more proud of their daily achievements (e.g., also of their
brick on paper template), compared to students in the control group. This lets us assume that the test
group placed value on their small steps/achievements and appreciated the learning factor of the app
more. Collected factors related to the parameter “Sense of Belonging” showed that students of both
groups learned something about technical professions and coding and hence showed slight increases
in the feeling of importance of coding and sense of belonging. However, such a short course cannot
change, e.g., a strong images of stereotypes or long held preconceptions. However, it is a starting
point. The fun level was high in both groups but the intention to use the app further, or to partake in
similar activities, was low. During the interviews, students said that they are not “the kind of person
who codes”. Here, a study conclude that students’ enjoyment has no relation with their intention to
participate in similar activities again (Giannakos et al., 2014). In the future, it would perhaps be more
interesting to ask if they are willing to try such PECC activities outside school instead of during the
regular lessons. To conclude, the quantitative evaluation shows that the values of many predictors for
intrinsic motivations are located over the average. There are only small differences between the groups
which shows the potential of the model to build successful learning environments for students of all
genders. Students agreed, or strongly agreed that PECC fostered their interests, helped them learn
something about coding, helped them gain better knowledge of technical professions and coding, and
made them feel engaged while having fun during the course.

The answers from the open questions were interesting as well. For instance, the usability test during
NOLB (see Section 4.2 and 4.3) showed that many of the male participants rated the aspects of coding
and the learning effect of the app as positive whereas this was not a major point in the answers from
participating girls. In contrast, in this study in the test group the coding aspect was mentioned almost
completely by all girls. On the other hand, students from the control group wished to have more group
work and instructions. For this course the engagement level and group work aspects needed more
attention and should be fostered explicitly in further courses. During the interview, the participants in
the test group stated that they were happy that they had the coding activity in a gender homogeneous
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class. The named reason was that the boys in their class were already experienced in coding and they
might have laughed about their questions. This was a topic also in (Jaime and Ruby, 2011; Alvarado
et al., 2017; Denner et al., 2015) and in Section 2.4.1. However, most of the coding classes in high
school or university are mixed gender classes and even in girls-only classes, one will always encounter
girls that are less or more motivated or insecure than others.

The program inspection and observations showed that students in both groups ran out of time. None
of the students had time for the extra tasks, 78% achieved the academic learning goals (100% of the
test groups) and 30% the learning goals regarding gaming. For integrating the end scene (as a part
of the “Shape of a Game”) variables were needed. Variables were not explained at the beginning but
were to those who needed them. The team encouraged these students to explain it to the others. The
problem was that the time for integrating the end scene was very short and not all achieved it (because
they were still working on other parts). Perhaps one more double unit would be needed in order to
provide the chance for all of the students to reach each of the learning goals as well as those in gaming.
The program inspection again showed that students in the test group and girls from the control group
were more concerned in generating nice programs (integrated more storytelling elements by alternate
speech bubbles with emojis, etc.) and providing instructions. However, the evaluation of the quiz
showed that students of the control group were able to answer more questions correctly compared to
students from the test group, e.g., students from the control group could remember more categories
and loops.

The case study showed the importance of the warm-up phase of PECC, which had not been consid-
ered during NOLB/in the GMTF. For the NOLB project, a more learning by doing approach without
need of instructions and prior knowledge was used. During NOLB, some teachers had already ex-
pressed their concerns that they doubted that students understood coding or had learned something
about coding. This correlates with the answers of interviews and observations, which showed that
most of the students during NOLB did not understand the overall concept, they were left with open
questions, and were happy that the course reached the end. The problem is that this warm-up task
needs time, sensitivity, and preparation, but it is worth the effort. For future workshops, the author
will foster more group discussions by working on these topics in small groups and discussing or pre-
senting results. Coding is science and science is not something that can be learned without any theory.
For example, nobody will teach about the anatomy of cats by letting students play with cats. Never-
theless, there are many unplugged coding and tinkering activities that can be used to present coding in
a more fun and playful way. In the interview, a question about the bricks on paper activity was asked.
Negative and positive comments could be collected. This shows that such activities can be helpful
but it is not a concept for everybody (this is desirable but simple not possible). During the interview,
girls from the test group had the idea to use the program just as an introduction for creating a big-
ger game, where they had more freedom of choice and personalization/customization opportunities.
For instance, they suggested that their own avatars could visit the planets and have to solve different
quests there. This is an interesting idea for future PECC activities and will be used for the project
“RemoteMentor” (see next chapter, Section 6.2).

For the questionnaire, three more questions would be interesting to add. Since Li and Watson (Li
and Watson, 2011) argue that by using block based/visual coding languages, students are often not
aware that they are doing “real” coding, which is important for the self-efficacy motivational factor.
Thus, it would be interesting to add the following three statements to future surveys:

1. By learning Pocket Code, I have been learning computer programming.

2. It will be easier for me to learn new programming languages because I know Pocket Code.
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3. Catrobat is a computer programming language.

To conclude, the case study shows that the PECC model and the PECC guidelines have the potential
to provide a checklist to build girls-only activities that:

1. motivate intrinsically, through fostering interest, self-efficacy, sense of belonging, and fun

2. motivate extrinsically, through being gender sensitive, allowing personalization/customization,
defining appropriate (learning) goals, and games

3. help to reach the pre-defined (academic)/gaming learning goals

Thus, it allows to build playful, engaging, creativity and coding activities for girls-only initiatives.
In the future, it has been planned to provide the guidelines at our educational platform to download
for teachers and facilitators. Furthermore, in August 2018, a girls-only activity is planned together
with CoMead to test PECC for activities outside school as well (see Section 6.2). This should help the
author to refine, extend, and rework them together with teachers and facilitators. Further case studies
will be performed with a higher number of participants to evaluate their significant potential and the
defined four hypothesis in Section 5.2.3 to intrinsically and extrinsically inspire female students to
engage in PECC activities.

5.4.3. Discussion RQ3.

Research Question 3 summarizes the customizations that are necessary in Pocket Code to provide
teenage girls in PECC activities with an appropriate tool. Therefore, a new version of the Pocket
Code app with the name Luna&Cat has been developed and uploaded as a closed beta apk to Google
Play for first usability tests (i.e., store rating tests). For the development of these customizations, the
PECC model was again very useful when defining in which areas Pocket Code could be customized
in order to engage female students in coding activities. Therefore, the focus group discussion with
teenagers from our potential user group was very useful and showed interesting insights. However,
not all the results were considered in the development of the app. It is a fact that Catrobat, the name
of our project, is not familiar to our users, and Scratch is also not used in all Austrian schools, thus
the correlation to the name Luna&Cat was not obvious for the focus group. For them Make(IT)up
brought it more to the point and showed a connection to IT/coding. Validate this app name (see Sec-
tion 5.3.1.1) shows that the term has a more negative meaning in English. Furthermore, as described
in Section 5.3.2.1 the app’s presentation on Google Play is very important when attracting new users.
Concerning Pocket Code, it is uncertain if female teenagers who search for games for girls will find or
download it. We see a much more greater chance that the newly customized version Luna&Cat will
be more appealing for girls and catch their attention, thus they will download it more often. Through
optimization of the store listing on Google Play the chance is much higher to catch the preferred target
group. The whole workflow for creating the featured games was very successful and beneficial: 1) in-
venting the game ideas together with the target group, 2) creating personas for the games, 3) designing
the games during a workshop with “Industrial Design“ university students, and, 4) finally developing
the games. This workflow ensures that the story of the game is appealing to female teenagers, the
visual design is sophisticated, and the final product fulfills functional requirements. The PECC model
suggests improvements in all of its aspects and helped in developing Luna&Cat.

In Create@@School, the team already implemented a different program view for female users. This
concept was indeed to motivate the female users to become game developers on their own by showing
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them games made by girls and styles which they tend to like (see Section 2.4.2.4). As mentioned
before, it is important for teenage girls to see that the community they are planning to join composed
of people who have similar interests and predilections to feel a sense of belonging and self-efficacy.
These integrated featured games were mostly subject-related and with Create@@School we currently
reach only a small user group (Create@@School is still a beta version and not open for public use but
can be used at schools if they request accounts). With Luna&Cat we hope that we can reach and build
a new large user base of interested female teenagers who want to learn how to code. Usability tests
and store listening tests in the future will help in our work. Therefore, the featured games and a new
example game should encourage female students and awaken their interests for Catrobat programs.
Playing these games should help them to get ideas and a sense for good game design through games
of different genres, themes, stories, MDA, and characters that are attractive to them. As a result,
they should feel supported and inspired to code their own programs or to remix existing ones. In
the future, the author hopes that more and more games from female users will occupy the different
sections in the web-view, like “Most Downloaded” or “Most Views”. Thus, these games will also be
recognized by existing (female) Pocket Code users. As a result, the program collection will become
more diverse and appealing to different user groups. Furthermore, the PECC model will help to
support students in their engagement with Luna&Cat building a new increasing community of female
teenagers who will love to share their games and assets with others, thus feeling a sense of belonging to
our app/community. The possibility of liking and commenting programs and possibilities of remixing
and downloading the games will cultivate a new, engaged female community from all over the world.
Regarding the creativity aspect of PECC, with new assets and a continuously growing media library,
the author strives to support female teenagers in creating appealing games. Thus, they are proud of
their programs and lucky to share them with the community. For the future, new ways are needed on
how to integrate assets that are coming from our (female) users and to value their work appropriate.
The component of Coding in PECC should foster female students self-efficacy and provide them a
tool for efficiently creating games. With the help of the new brick documentations and “How to’s”
and in future, with the user bricks (which are at the time of writing still in development) students
get more support during coding. In January 2017, a new project started with the aim of remotely
mentoring female students. Thus, it is planned to train mentors of all genders and to support female
students in their coding remotely via screen sharing options and chat functionality. This will help our
female community in their first steps during coding (see Section 6.2). The tailored app Luna&Cat, the
adapted community sharing platform view, the video, and the new “How to’s” programs should help
to strengthen our female community from all over the world.

In conclusion, this chapter presented the results of this thesis: the PECC model and its guidelines
(the theoretical output of this thesis) and provided results of its evaluation through conducting two case
studies. Finally, the practical output of the thesis was presented: the new app for female teenagers
Luna&Cat. Thus, all research questions could be answered. These gender sensitive customized ser-
vices and tools will help female teenagers to reshape the technical domain in the future, thus playing
an important role in closing the gender gap in ICT.
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Chapter 6
Conclusion

The aim of this research was to identify the affordance necessary to foster female teenagers’ intrin-
sic motivations with inclusive environments in computer science by Playing, Engaging, Creativity,
and Coding (PECC). This chapter concludes with a recapitulation of the most essential findings and
provides an outlook of the planned future activities and related future projects. The chapters of the
theoretical part convey important background knowledge, first about the status quo in the CS educa-
tion worldwide and in Austria, then about critical learning theories such as Constructionism. They
also provide an overview about games and learning, design elements, and concepts. The second part
of the literature review summarizes numbers and facts about women in technology, and further points
out reasons for the gender gap in IT which has a dramatic impact on the career choices of female
students in schools. Finally, this chapter suggested improvements for gender sensitive educational
environments in coding. The status of (mobile) games for female teenagers is discussed and best
practice examples from coding initiatives worldwide are presented. In the practical part of this thesis,
the Catrobat apps as well as the NOLB project and its evaluation have been presented. This sets the
basis for the further research of the author. As a result, a model (PECC) for gender equality in coding
courses and underlying guidelines have been developed and evaluated in classrooms, as well as a new
version Luna&Cat to target and reinforce female teenagers especially in coding activities.

6.1. Summary and Conclusion

Many of the changes in teaching and learning that resulted from studying the empowerment of women
have improved the situation for all students. Within the NOLB project, the team assumed that learners
who become game designers and creators would significantly contribute to closing the divide and
participation gap in digital culture. All obtained results, which were presented in Chapter 4, showed
that tailored coding activities and tools would be a great benefit for the female students.

During the Feasibility Study (see Section 4.2), the target group was examined. The findings suggest
that girls play games less often than boys, and the genres of jump’n’run, skill, or puzzle games seem to
be the most interesting for them. Challenges observed during the technology acceptance and usability
analysis led researchers to conclude that the best solutions are to rethink group constellations (groups
> 4 were less successful), to cut down the coding units to a maximal 4-5 double units, and to let
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students have more time to design their game ideas and assets, or to use more frameworks and set
clear learning goals. This was especially critical for female students in order to scaffold the game
design process but at the same time allow the freedom to personalize and customize their games to
build a sense of ownership. This could help to reduce the stress level (overall, also for teachers)
which was apparently very high during these first workshops. Observable differences showed that
male students were more concerned with the gameplay itself, meaning the game should be fun, fast,
and challenging. Girls mostly started with a rough idea. Next, they began designing and drawing their
gaming worlds with a lot of care. This resulted in less time to code and get the game to a playable
state. At the same time, the feasibility study suggests the importance of conformance and recognition
of work done. The data show that the more students were motivated at the beginning, the more they
were satisfied after the final Pocket Code unit. Thus, it is important that teachers and facilitators are
conscious of their role as a mentor and motivator through the whole designing process.

For the Second Cycle of the project (see Section 4.3), a new version of Pocket Code, Create@@School
and corresponding services, offered new opportunities to be permanently integrated in school curric-
ula. This version comes with a range of new features like physical engine integration, a more accurate
and easier collision detection, speech/think bubbles for storytelling, new loops, usability improve-
ments, and also integrates new features for schools. These new features, compromising of pre-defined
templates, should be applicable for different subjects, thereby referring to several genres of action: ad-
venture, puzzle, or quiz. This integration of important game elements makes the gameplay experience
entertaining by using Mechanics, Dynamics, and Aesthetics (MDA). By tracking analytics data (see
Section 4.3.2) within the app and the Project Management Dashboard (PMD) for teachers, the coding
and design process become visible and accessible by teachers. Although, both features have been
only used in the last three months of the project, interesting observations indicate a different behavior
towards coding in males and females. The data coming from the app show that for female students,
the social behavioral and self-regulatory aspects were the most important. The most notable differ-
ences between the genders, regarding the behavioral analysis, are visible in the parameters: creativity
(female students used more of their own assets, and more often Pocket Paint for drawing or editing
their assets), confidence (i.e. used more creation events — add/edit object, look, sound, and bricks),
effort/dedicated time (female students spent more time either playing/testing their games or searching
for other games), and interest (girls spent more time in the app overall). Observations showed that
male students focused more on task completion, whereas it was more important for females to design
sufficient programs/games.

In contrast to the differences in coding behavior, evaluation of the attractiveness of Create@School
(see Section 4.3.1) was similar between the genders. The following similarities were noticed: both
genders considered the app to be inventive, creative, innovative, and novel. However, the app, in gen-
eral, has not yet achieved the desired acceptance level. Female students mentioned more often that
the app separates them from people rather than brings them closer and found Create@School to be
more isolating than connective. Female participants stated that they see Create@School as challeng-
ing. Conversely, the boys rated the app as undemanding. In spite of this, students showed an overall
satisfaction while working with the app. The results of the questionnaire (see Section 4.3.3), which
contains open-ended questions, show clear differences in answers between genders and highlights the
females’ desire for a suitable environment, where they feel included and are able to communicate,
collaborate, and express themselves. Thus, female students prefer the designing, creativity, and free-
dom of choice aspects of the Create@School units. They did not mention the programming aspect
explicitly. Additionally, the negative impressions from the female students concentrate more around
the organization of the units or on the level of complexity and less on the app itself. Alternatively, the
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boys stated that the app was confusing and buggy. The focus group discussion with female students
(see Section 4.3.4) showed that the app was confusing for them at some points, but they were more
willing to ask for help or focus on problem-solving strategies encouraged by the teacher. Whereas
boys were often frustrated with the app. In addition, the discussion suggests many interesting topics
and elements to be important for this target group. The use of precoded templates (see Section 4.3.5)
in class showed mixed results. They have been only tested in small groups. Points for improvement
were recommended to make them more straightforward. Templates are a great resource to help in
designing a game, but they are mainly developed for use in schools. Thus, it is the role of the teacher
to adopt the templates to his or her subject and provide students with the information they need in
order to start coding, but not continue with step-by-step instruction. This means, the templates are
not intended to be used outside the classroom or for novice programmers. In the future, the plan is
to integrate more starter or step-by-step programs in this menu option with important functionalities
which will be included directly in the program.

Finally, observation of the submitted programs (see Section 4.4.2) showed that female students de-
signed the most games within the genre adventure, text adventure, and puzzle games. Games designed
by the boys were based on the genres of adventure (perhaps because it is an easy genre to achieve in
Pocket Code), action shooter, and puzzle games. Whereas games by girls used more aesthetic com-
ponents, boys used more advanced features of the app (e.g., physical properties) or high scores and
challenges. Both groups use of main characters was very stereotypical: female students used mostly
animals or fantasy characters; boys used transportation and male characters (transport items, e.g.,
spaceships and UFOs. Girls did not use these at all). However, no differences could be observed in
the amount of bricks or other variables used in the games. The statistical reflection of the programs
(see Section 4.4.3), in regard to the learning goal achievements, shows that female students are more
willing to reach the predefined learning goal in lower grades, if they work separately on their games
(tablets) and with the use of the pre-coded templates/frameworks. The findings are mostly consistent
with related studies and suggest the optimal learning environment. Girls should be allowed a certain
amount of self-expression, collaboration, and creativity. Evaluating game jams as a research method
was a productive way during the NOLB project. The results of the two performed game jams (see
Section 4.5), indicated that such events are more accepted by our male community or by teenagers
who have already gained some coding experiences. This may be due to their competitive nature which
builds more on extrinsic motivators, through awards, and less on self-efficacy.

The findings show that coding activities in school settings are well received but have underlying
restrictions and the level of engagement and motivation can vary. This does not mean that coding
should be banished from the academic curricula, quite the contrary is true. Special attention should
be paid in terms of intrinsic (and extrinsic) motivational factors. Teachers should coach and mentor
their students and especially encourage female teenagers in their classes (i.e., be more gender sensitive
and aware). During the whole project, students’ performance was not closely measured (e.g., grade
them or test them on how to transfer knowledge from visual coding to more advanced programming
languages). However, this was not the intention of the teachers who normally provide students with
a grade or homework in CS subjects. The constructionism theory emphasizes more the process of
knowledge construction than the actual resulting product (Papert, 1985).

Based on the results from the NOLB project and related literature, the author started to develop
the PECC model to promote Playing, Engagement, Creativity, and Coding, with a special focus on
gender sensibility during all its phases to reinforce (female) students as a result. Therefore, applicable
guidelines for teachers and further templates for a storyboard, and assessment as well as an example
lesson plan is provided. In addition to the four main components of the PECC model, four additional
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intrinsic and extrinsic motivators, have been identified to be the most promising to encourage espe-
cially females in coding activities. Facilitators and teachers can provide extrinsic reinforcement by
providing (example) games the target group tends to like playing, but also by showing them underly-
ing game principles, elements, and structures that are needed to create and design “good” games that
flow fluidly and offer challenges. Games as a single motivator are not enough. It is also important for
all students to indicate a direction through (learning) goals and subgoals, which prevent them from
feeling stress, frustration, and anxiety.

Frameworks are promising extrinsic motivators that allow personalization and customization as well
as the creation of individual assets that give a sense of ownership and pride. Furthermore, inclusion
environments foster students to ask questions, to discuss openly, thus allowing communication and
collaboration with gender sensibility and awareness in the language and examples used. More critical
are the four identified intrinsic motivators: interest, sense of belonging, self-efficacy, and fun. The
literature states that intrinsic motivators are more important for female students than they are for male
students (see Section 2.4). Suggestions from the literature are to promote female role models, provide
job clarity, include personal experiences, present IT as an interdisciplinary and creative discipline,
to allow collaboration and communication, and to encourage female teenagers explicitly for these
activities. These findings correspond with the NOLB findings. A first evaluation of PECC in a case
study shows that the course setting encouraged all students, but students in the homogeneity classroom
felt especially interested, had a higher confidence in using the app (self-efficacy), felt that they had
learned something meaningful about IT professions, showed slight increases in their perception of
importance of this field, and finally, students had fun.

The new app Luna&Cat has been developed on the basis of these findings and evaluated in refer-
ence to the PECC model, in terms of Playing, Engagement, Creativity, and Coding. It is integrated for
“Playing” featured games developed together with two focus groups, design university students, and
a customized example game. For “Engagement” this version in Google Play is presented to attract
especially female teenagers, e.g., with a gender conscious new video and a new community where
girls who like to code and design can meet girls with similar interests. For “Creativity” it includes
new media assets, themes, and topics to create sophisticated games. Finally, for “Coding” new con-
cepts will be included in all Catrobat apps for downloading media packages, in-app tutorials, starter
programs, as well as customized user functions. The new brick documentation and “How to’s” should
provide help.

Although the promising results of this thesis show that the developed approaches and tools provide
a major possibility for female teenagers and schools to level improvements, they have still to prove
its benefit in practice. Both concepts, the model and the app will be tested in August 2018, during
a “Girls Coding Week”. An overview about future actions and further projects for the author, are
presented in the next section.
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6.2. Future Work

For the future, the author will continue working with female teenagers to reinforce them with coding
activities. Thus, three activities are planned next:

• Girls Coding Week

The first coding event for girls-only was conducted in August 2017 as a first trial. The topic for this
event was “Magic” since this seemed interesting for the target group. Although the author started to
promote the event two months in advance, the flyer was shared via social media and printed in an
offline and online newspaper the response was minimal. Because of this, two weeks before the event
the registration had been closed. However, four girls attended the event and participated at the first
“Girls Coding Day” event. All four girls were highly interested in creating games within the topic of
“Magic” but the impact was very low. The author did not anticipate one important target group, which
needed to be considered when regarding teenagers between 12 to 15 year old: the parents. In schools,
the teachers are responsible for preparing the coding courses, out of school the parents need to be
involved as well. For instance, parents who are employed need to plan care time and vacation trips
for summer holidays almost a half year in advance. Whole day activities are received better than just
afternoon activities, giving them the opportunity to drop of their children in the morning and pick them
up again after work. Also, whole week activities are easier to plan than one day events. Furthermore,
marketing and promoting are important to reach female teenagers who are not that likely to attend
such workshops but should also address the parents. This reinforces, intrigues, and motivates them
with attractive themes on flyers and posters that promote fun and creative activities (see Figure 6.1).

Figure 6.1.: Flyers and posters from the past to attract female teenagers for coding activities

The girls-only initiative at the TU Graz, CoMaed (see Section 2.4.2.5) provides summer camps for
female teenagers between 10 to 15 years for several years and these courses are overbooked every
year. This year a “Girls Coding Week” with the Catrobat apps is part of the CoMaed courses 108.
During this week, the author has the opportunity to apply the PECC model outside of the regular
school setting, as well as test the Luna&Cat app and its featured programs with the main goal of
reinforcing the female teenagers with new and engaging ways of learning. In addition, again a one
week coding girls with a mixed group will serve again as a control group. For the future, it is planned
to establish a “Girls Coding Club” for female teenagers-only at TU Graz to perform long-term studies
and see an effect in the future. This club will be performed outside of the regular school setting and
will especially emphasize creativity, allowing girls to explore IT and technology in a fun way to spark

108CoMaed course with Catrobat: https://www.comaed.tugraz.at/index.php/wbPage/wbShow/coding
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their initial and long-term interest. Girls involved in the “Coding Clubs” will represent those who
are vulnerable learners in terms of risk of exclusion. Using inclusive technology in a game-making
environment is a revolutionary approach that will support social inclusion and empowerment from
childhood to make a real change in the life of girls.

In addition, in June 2018, the author will complete a “gender-intersectionality-diversity” training.
This will allow her, as a gender expert, to perform workshops in her field, first at her own institute to
sharpen her colleagues for that important topic, and second at workshops for the trainer of the CoMaed
courses (who are students in teaching) with the help of the PECC model. This will support them to
gain a better understanding of gender sensitive computer science classes and to be more gender aware
in these courses.

• Remote mentoring for female students109

This project “Remote Mentor”, funded by NetIdee , Austria’s largest Internet promotion campaign
started in February 2018 and will conclude its result at the end of the year (see Chapter 3. The project
was awarded in November 2017 with the “Closing the gender gap” award. First results of the remote
mentoring workshops at schools are expected in June 2018.

Remote mentoring in Pocket Code should provide female beginners with real-time mentoring from
advanced users in our community. A matchmaking system, modules for mentors and a bidirectional
screen-sharing option, will support this process. Mentee and mentor can find each other online and
the mentee will provide access to the code/Pocket Code. Via voice or chat channel with established
systems additional support is provided. The mentors are first students of the TU Graz and later ex-
perienced users of the Catrobat community, who help female users especially in their first coding
steps. Furthermore, it will be examined whether the gender of the mentors has an influence on the
satisfaction and progress of the girls (to see positive influence of female role models). Therefore, we
have partnered with sociology scientists from the University of Graz focusing on gender aspects for
the research part. This team will focus on group discussions and interviews with female students.

• Stitching feature: New opportunities for handicraft lessons

To make the app more interesting and attractive for our target group of young women between 12 and
15 years old, in another project we are planning to extend the app with the option to program embroi-
dery machines. In this way, self-created patterns and designs can be stitched on t-shirts, pants or even
bags. Thus, with Pocket Code, the embroidery machines will be programmable. Patterns and different
forms can be created using Pocket Codes’ visual programming language. As a result, teenagers have
something they can be proud of, something they can wear, and that they can show to others. For this
purpose, a new version of Pocket Code for pattern embroidery will be developed. On the one hand this
feature is intended to show young women new ways of using technology, with a lot of fun in a sustain-
able way. On the other hand, young men can get inspired through this digital design process to take
part in textile handicraft lessons. Furthermore, appropriate stitching/coding courses will be offered at
schools. A special emphasis will be given to a gender-equitable conception that considers different
requirements, needs, and interests of our target group regarding to handicraft lessons. These courses
will be realized together with “bits4kids”110. In cooperation with the fashion shop “Apflbutzn” 111

will help us to picture the whole workflow. This team will take part in the last units and bring their

109NetIdee RemoteMentor: https://www.netidee.at/remotementor
110bits4kids: http://www.bits4kids.at/
111Apflbutzn: http://www.apflbutzn.at/
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embroidery machine. Thus, the teenagers are able to see how their programmed patterns are directly
embroidered on shirts and bags. In addition, “Apflbutzn” will create an economical and sustainable
concept, which can be integrated into existing (web-)shops and processes. In future, the pattern-files
can be sent via mail and the embroidered products can be picked up or shipped.

The project’s outcomes will be 1) the development of the stitch extension in Pocket Code, 2) a
gender-equitable framework for stitch/coding courses, and 3) insights into the practical implementa-
tion for shops. As a result, these reseults will show how young women could be motivated by pro-
gramming embroidery machines and, this concepts should serve as a guideline for others (Fab-Labs,
schools, workshops, etc.).

The outcomes of this thesis, the PECC model and the Luna&Cat app, build the foundation for
further improvement and projects to reinforce female teenagers for coding in the future. Further
research projects, cooperation, and developments are aimed with the goal to close the gender gap at
different levels of education.
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Pocket Code Units – Fine Arts/German – Grade 7 – Akademisches Gymnasium 

Context & Profile 

Author: 

TU Graz 

Title: Applying Pocket Code to Fine Arts & German: 

debugging a precoded template and including own 
vocabulary 

Timescale:  

8 units at 45 min 

Year group/age: 

Grade 6 

No in group:  

29 

Relevant contextual information on learners:  

17 different mother tongues (multicultural) among students 

How does this lesson fit into the subject curriculum or the wider 

curriculum? 

Prior learning of learners 

Arts: 

Asset creation, handmade artefacts, visual media, multimedia 
about the topic “Alice in Wonderland” 

 

German: 

Memorizing, basic vocabulary training, spelling 

 

Computing: 
Understand fundamental principles of programming (loops, broadcast 

messages, variables), support of computational thinking  

 

Math:  
Use of coordinates, understanding the use of variables  

Students have read the Alice in Wonderland novel by Lewis Carroll in 

German class before the first Pocket Code unit. It is expected that students 
have created their own Alice characters before the first Pocket Code lessons 

in fine arts. 

Students have been introduced to the basic functions of Pocket Code. They 

are already skilled in: 

 Pocket Paint usage 

 Importing graphical assets (Media Library, phone gallery) 

 Use of control bricks  

 Use of forever and condition loops 

 Sending and receiving broadcast messages 

 Animations and appearance (move/look bricks) 

 Playing and recording sounds 

 Use of variables  

The Learning 

Groups Intended progress (Learning Objectives) How will this progress be 

demonstrated?  

Assessment of progress by… 

All Learning goal: Enhance a game with contents 

learned in class, your own vocabulary, and assets by 

applying the puzzle template 
Computing: Identifying how to the program was 

developed; debug the program and include your own 

code bricks to add assets and vocabulary to the game  
German: Learn and memorize new vocabulary of 

fruits in different mother tongues spoken in class.  

By the end of the session, students 

created a personalized vocabulary 

game by debugging and enhancing 
the puzzle template. They will have 

understood parts of the original 

code, added the logic to the game 
play, and customized the graphics. 

The finished game will be presented 

to their peers and teacher.  

Games are completed, with 

significant personalization 

(including vocabulary of their own 
mother tongue, own assets). 

Games can be played by peers.  

Students can memorize new 
vocabulary in another language. 

Cultural exchange among students. 

Games given peer/teacher feedback. 
 

Organization 

Resources: 

Screen casting with “All Cast Dongle” and projector 

1 tablet per small group of students 
1 template 
Tutorial cards 
Support: 
Peer support, NOLB team support 

Working with others: Working in groups of six (3 groups of two) with 

one teacher assistant.  

Learners: 

 Students 11 to 12 years old 

 No special needs 

 Sitting in teams of small circles 

 

  



Unit 1 - 2 (45 min) 

Timings Content 

To start with… Cognitive 

/Behavioral*   

Learning 

scenario* 

10 min Instructions and presentation of the template B SG 

Main learning 

80 min 
Use the precoded template, studying the code, and debug it.  
Personalize the game: 

 Adding their own Alice character  

 Adding their own fruit objects 

Add missing functionality: 

 Control of Alice character by using the inclination sensors 

o learn about sensors 

o troubleshooting: mirroring the sensors and set the speed of the 
movement for a smoother movement  

 Moving background: learn about coordinates and how to place objects 

 Fruits glide from one side to the other 

o learn about gliding  objects in a loop 
o learn about using the random function 

B/C SG 

 

Unit 3- 4 (45 min) 

Timings Content 

To start with… Cognitive 

/Behavioral*   

Learning 

scenario* 

5 min 
Teacher provides a brief summary of the previous unit.  

Students continue where they left off last time. C SG 

Main learning 

85 min 
Students continue with adding logic to their game: 

 integrate a collision detection between their character and the gliding objects 

 learn about how to make a collision by using variables and functions 

 learn about the difference between local/global variables 

B/C SG 

 

Unit 5-8 (45 min) 

Timings 
Content 

Main learning Cognitive 

/Behavioral*   

Learning 

scenario* 

90 min 
Finalize the games (adding parts of the “Shape of a Game”): 

 add a score: repetition of variables to define the score 

o learn how to display a score and change the variable  

 add a win screen and a game over screen 

B/C SG 

Plenary  

90 min 
Students will show the class the games developed during the session. The teacher will evaluate the 
games in collaboration with the class. 

Example game: 

B FG 



  

Select a language Instructions screen 

 

 

List of variables Game: catch the fruits 
 

*Learning Scenario key: FG – Full group    *Cognitive/Behavioral Key: 

SG – Small group (including partners)      C – Cognitive 

I - Individually                                                                                                       B – Behavioral 
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Univ.-Prof. Dipl.-Ing. Dr.techn. 
Wolfgang Slany 

Head of department 
 
Phone: +43 - 316 - 873 - 5721  
Fax: +43 - 316 - 873 - 5706 
 
wolfgang.slany@tugraz.at 
http://www.ist.tugraz.at/ 
 
Administration: 
Petra Pichler 
Tel: +43 - 316 - 873 - 5711 
Elisabeth Orthofer  
Tel: +43 - 316 - 873 - 5713 
sekretariat@ist.tugraz.at 
 

 
 

Institute for Software Technology 
Technical University Graz 

Inffeldgasse 16b 
A-8010 Graz 

Austria / Europe 
 
 

 

DVR: 008 1833 UID: ATU 574 77 929 

 

 

 

 

 

 

 

 

 

 

 

Dear parents and legal guardians,  
 

Your child is being asked to participate in a pilot study as part of the EU project "No One Left Behind", co-

funded by H2020 programs. This project is conducted by the Technical University Graz and our partners 

in Spain (INMARK Europe, UPM), England (GameCity, Nottingham Trent University) and Germany 

(Hochschule der Medien). The objective/goal of this study is to integrate our mobile learning application 

Pocket Code and Create@School into the classroom. For further information visit our website: 

www.no1leftbehind.eu. Both apps have been initiated and developed at Graz University of Technology 

especially for children between 11 and 17 years. Pocket Code is freely available for Android at the Google 

Play Store (http://catrob.at/pc) in German, English, and in many other languages. Create@School is a 

version especially for schools and therefore will be first validated by our partner schools as an open beta 

version. Within this version special events and time durations will be tracked to analyze different 

parameters of the created games. Only the teachers themselves will have access to these tracked data. For 

the purpose of evaluation the anonymized data will be used.  

The apps use a visual programming language, which allows to create own games, animations, interactive 

music videos, and many other app types directly on smartphones or tablets. Similar to Scratch, programs 

are created by snapping together command bricks (“lego-style”). It’s a tool for novices to learn program 

flows and basic logic concepts. Furthermore, the apps encourage students to work creatively and 

collaboratively in teams.  

Create@School is now used for the 2nd cycle of the project. The goal of this cycle is to evaluate this version 

for school purposes and to test if it fulfils the requirements. On the one hand, the predefined templates will 

be tested and, on the other hand, new templates will be created with the help of the students. These templates 

should facilitate the students’ entry into the world of programming. The app will be used as a supporting 

learning tool during project work in schools from October till June 2017.  

It is important for us to observe how students learn with this software and what should be improved. For 

 
 
 
 

Graz, 14/02/2017 

 



this purpose we are planning to conduct interviews regularly to gather information and feedback. During 

the course of this study, we will conduct follow-up interviews, questionnaires and observations, take photos 

and make short videos. This information will be used for scientific analyses, papers and public purposes. 

The researcher(s) retain(s) the right to use and publish non-identifiable data. When the results of this 

research are published or discussed in conferences, no information will be included that would reveal your 

child’s identity.   

If you have questions or concerns during the time of your child’s participation in this study, or after its 

completion, please contact Univ.-Prof. Wolfgang Slany. 

Should you decide to allow your child to participate in this research study, you will be asked to sign this 

consent form once all your questions have been answered to your satisfaction.  

 

Best regards, 
 

 

 

Univ.-Prof. Dipl.-Ing. Dr. Wolfgang Slany 

 

 

Informed consent:  

I have read this consent form and I understand what is expected from my child as a participant in this study. 

I give consent for my child to be a part of the research study including follow-up interviews, questionnaires, 

observations, videos and photos. 

Name of child: ________________________________  Year of birth (e.g. 1997): ________ 

 

Name of parent/guardian: __________________________________  

 

Phone: _____________________    Email: ________________________________________ 

 

 

 

Date: ______________________           Signature:  ______________________    
 

We are very thankful that you allow your child to take part in our research study. To allow us to document 

your child’s use of our software by taking pictures and videos, please tick the appropriate box: 

     Yes, I allow the use of video and photo recordings of my child like described above. 

     I allow to use videos and photos of my child if the face is unrecognized by “pixelating”. 

     No, you are not allowed to use pictures and videos in which my child appears.  
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Attractiveness of Create@School 

 

 

Age: 

Gender: 

School: 

Country:  

 

With the help of the word-pairs, please enter what you consider the most appropriate description for 

Create@School. Please tick off one item in every line 
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Guidelines for PECC-Activities 
 

Items Tasks PECC Category 

STAGE 0: Preparation 

(0.1) Structure  

of the coding 

course  

 

0.1.1: Choose your target group 

 Gender, age (12-15 years old) 

 In or outside the classroom (after school program) 

 Youth center, coding camps, etc. 

 

0.1.2: Determine the available units 

Recommendation: 

 Instruction (the Starter, 1-2 units) 

 Game design (The Main Learning, 2-4 units) 

 Coding (The Main Learning, 4-8 units) 

 Presentation (The Closing, 1-2 units) 

 

0.1.3: Choose suitable tools  

For coding: 

 Visual-based coding (e.g., Pocket Code, Scratch, Snap) 

or robotics (e.g., Lego Mindstorms) 

 Text-based coding (e.g., Text Editors, Eclipse, Android 

Studio, etc.) 

For creating game assets (how they are produced)* 

 Artwork (by hand) 

 Tools, e.g. Photoshop, InDesign  

 Assets from the internet (be aware of copyright issues!) 

 Personal photographs 

 Use assets from available media libraries 

 Sound design: personal records, internet 

 

0.1.4: Define the learning goal(s) or a general goal for games 

A (learning) goal consists of three parts: action, content, and 

condition. 

The (learning) goals need to be defined according to  

(a) Learning goals/objective of the curriculum subject in 

which coding is applied 

Example: “Add 5 questions about the `French 

Revolution’ to your game”. 

(b) Learning goals for game design/coding 

Example: “Integrate min. 2 objects designed by yourself 

(artwork)” 

 

0.1.5 Choose the engagement level * 

Group constellations (homogeneous/heterogeneous teams) 

(1) small groups (2-5) 

(2) pair work  

(3) work individually (but all working on the same learning 

goal) 

 

Coding – 

Structure 

 

 

 

Creativity – 

Structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Coding – 

Teaching 

Approach 

 

 

 

 

 
 

 

 

 

 
 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 
 

(0.2) Prepare 

your material 

 

1.1.4 Create tailored challenges * 

(a) Template/Framework: students start with a pre-coded 

game and to add code/assets to finalize it (also allows 

customization, etc.) 

(b) Learning-by-doing: provide tutorials, helpful 

material/prepared functions, guidance  

1.1.5 Set-up & Prepare 

 Presentation, if needed  

 Print storyboards (  see storyboard) 

Engagement 

– 

Collaboration 

 

 

 

 

Coding – 

Structure 

 
 

 

 

 

 

 
 



 Handicraft items for “brick on paper” activity (scissors, 

tape, paper, etc.) 

 Template/framework program, example games to 

present, etc. 

 Setup platforms/tools (accounts, installation, charge 

mobile devices) 

 Other (room, date, time, equipment e.g., projector, etc.) 

 

 

STAGE 1: Introduction 

(1.1) Create a 

realistic picture 

of STEM jobs  

1.1.1 Create a safe environment * 

Allow/ask questions, spark discussions 

In small groups/with the whole class: 

 Which technical professions do you know? 

 Which study/training do you need to acquire technical 

skills? 

 What does a computer scientist do? Do you know people 

who are working in those fields? 

 Who already has experience in coding? Which tools did 

you use for coding? 

 What is coding? What is an algorithm?  

 Which programming languages do you know? 

 

1.1.2 Visit companies, invite role models *  

Be a role model/mentor on your own! 

 Asking for resources to promote the improvement of 

technological knowledge (companies, universities) 

 Establishing direct communication between STEM 

professionals and students 

 Invite STEM professionals (role models) from the 

industry/university 

 Tell about role models and famous women who have 

succeed in computer science (e.g., Ada Lovelance) 

 Inspire students for STEM 

 Address the issue: Why do you think there are fewer 

women in IT than men? 

 

1.1.3 Understand the learner’s playing behavior * 

 What kind of games do you play? 

 What makes you play games? 

 What hinders you from playing games? 

 

Engagement 

– 

Warm up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Playing - Play 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(1.2) Provide a 

convenient 

starting point 

1.2.1 Design Learning: What is/How do _________? 

Students are not familiar with “coding vocabulary” and practices. 

The most important terms are ( IT Glossary) 

 Loops, conditions, variables, data types, objects, 

pseudocode, conditionals, function, iteration, parameter, 

broadcast messages, etc.  

It is not necessary to explain all of them, ask them if they are 

familiar with these concepts. Explain why they are needed (e.g., for 

creating a score, you need to define a variable; in order for objects 

to interact, you need messages).  

 

 

The answer is: Engagement! 

(a) integrate important functionalities in the example 

program (next step), so students can see what they 

are needed for 

(b) prepare a presentation with showcases/example 

programs 

(c) do “Unplugged Coding”, e.g. 

Engagement 

– 

Collaboration 

 

Coding – 

Structure  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



o “Program” a classmate like a robot (start/end 

point) 

o Paint “instructions” 

o Pack a rucksack with “variables” 

o Send “broadcasts” through the classroom 

 

1.2.1 Introduce the tools or let students explore *  

 Show the UI, menu, and structure of the tool/platform 

 Show them where to find help, tutorials, useful 

forums/groups, demos (e.g., on YouTube) 

Coding: Starter program:  

(1) Create a collaborative program with the whole class (e.g. 

on the projector) which covers important steps (about the 

program they are going to create on their own): e.g., add 

an object, movement, interaction, etc. 

(a) One or two students come to the front of the class 

and add one small but meaningful step to the game 

(class is allowed to help) 

(b) Ask students for the next step while programming 

(2) Let students program a game (a small starter task) with 

the help of tutorials (guides, step-to-step) and let them 

add enhancements, e.g., add an animation, add a sound, 

score, etc. 

 

1.2.2 Don’t forget the fun! - Let students PLAY *  

(a) Show students example games  

(b) Let them play games on their own (i.e. featured games, 

best practice) 

 

 

 

 

 

 

 

Coding – 

Personal 

Experiences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Playing - Play  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

STAGE 2: Story & Game Design 

(2.1) Foster self-

directed learning 

to create 

personal 

experiences 

 

2.1.1 Bring “Freedom of Choice” to your course to create a 

sense of ownership * 

 Designing of personal games from scratch:  

(a) Don’t restrict the game design at all, let them choose 

game elements, e.g. story, genre, theme, goal, 

MDAs, assets 

(b) Define a frame, e.g., use of certain properties, genre, 

design elements, or MDAs 

 Use of templates: allow customization, personalization, 

and enhancements 

 

2.1.2 Let’s get it started! * 

 Describe the activity: task, structure, units –> strive for 

mutual understanding 

 Explain the (learning) goal: define a sub-goal for each 

unit 

 Support the formation of homogeneous groups 

 

Playing  

 

Engagement  

 

Creativity 

 

Coding  

 

 

 

 

Coding – 

Coding  

 
 

 

 

 

 

 

 

 

 

 

 
 

(2.2) Bring in the 

gaming/design 

elements 

 

 

 

2.2.1 Give students  a storyboard  
A storyboard ( storyboard) could help students in their game 

design process, the template refers to the “Shape of a game” 

 Ask students to give their game a name 

 Let them tell a story  

 

2.2.2 Classify the game: genre/theme/goal *  

 Choose a genre: 

o Action (platform/jump’n’run, shooter) 

o Adventure (RPG, text adventure/storytelling) 

o Puzzle (skill game) 

o Quiz 

o Simulation (racing, real-life) 

Playing – 

Game Design 

 
 

 

 

 

 

 
 

 

 

 

 

 



o Strategy 

 Choose a theme: 

o Criminal/detective stories, 

o Science fiction, fantasy, comic 

o Romance 

o Nature, animals, sports 

o Future, space  

o Realistic 

o Horror, etc. 

 Choose a goal: 

o Capture/destroy/avoid e.g., items or opponents 

o Territorial/knowledge acquisition, collection, 

e.g., items 

o Solve a puzzle or a crime 

o Chase/racing/escape something or somebody 

o Spatial alignment: positioning of elements 

o Build a character, resources 

o Negation of another goal: games end if the play 

act against the rules 

o No goal (e.g., storytelling, retelling, animations) 

 

2.2.3 Who is the “star” in the game? *  

 Main characters, e.g., animals, fantasy figures, 

man/woman, boy/girl, items, transport, food, etc. 

 Side characters 

 Name all the characters to promote ownership 

 Background (i.e., theme) 

 Interactions between characters and their level of control 

 

2.2.4 Bring the games to LIFE (use MDA) * 

Mechanics  Dynamics 

 Points/rewards: e.g., earning points/currency to levelling 

up (reward completion of activities) or for a high-score 

list 

 Status/levels: thresholds or milestones that a player must 

achieve in the progression. 

 Challenges/achievements: tasks or actions users have to 

perform to be awarded   

 Virtual goods/self-expression: non-physical, intangible 

objects the user can, for example, exchange in virtual 

shops to customize their avatar 

 Leaderboards/competition: scores and rankings of users 

relative to others (e.g., high-score list) 

 Notifications: provide feedback for the user 

 Timer: set a time limit for actions 

Aesthetics: provide visual, audio, and fantasy elements 

 Sensation: create something completely unfamiliar 

 Fantasy: build imaginary worlds 

 Narrative: tell a story  

 Challenge: to master something 

 Fellowship: the player is part of a community  

 Discovery: the players need to explore 

 Expression: use individual creativity  

 

2.2.5 Get the games in shape! “Ceremony”  

 Title screen: name of the game 

 Introduction screen: explain the goals and rules 

(mechanics) of the game 

 Game screen(s): 1-n levels 

 End screen: game over or win screen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

(2.3) Let 

students be 

creative and 

express 

themselves 

2.3.1 Foster students’ sense of ownership -  

It’s their game! * 

 Also within templates/frameworks! 

 Edit/change, customize and personalize: assets, 

characters, looks, backgrounds and screens (shape of a 

game) 

 Add sounds, record media 

 Suggestions:  

o Use art lesson for design session 

o Have group members already started to code? 

No problem: Let them change roles after a 

while! 

 

Creativity – 

Freedom of 

Choice 

 
 

Stage 3 – Coding 

(3.1) Now let’s 

start coding! 

3.1.1 Tinkering activities: First … on paper!  

 Pseudocode: students should think of commands, 

variables, etc. they will need for their games 

 Hands-on/bricks on paper: print out the bricks, students 

add them to their objects  

o Where to place the objects? 

o Which size they are? 

o How I will control my objects? 

o How and who should interact/communicate 

with each other? 

o How will I use MDA in my game? 

o Where to define my variables? 

 

3.1.2 Ready…Set…Code! * 

 Students should try it out and see what happen, e.g., If 

something does not work like expected: change it 

 Consider failure as part of the learning process 

 Do not show/explain all at once: break down the content 

into sub-goals for every units 

 

3.1.3 Repeat, focus, and foster collaboration * 

At the beginning of every unit: 

 Let students repeat what happened in the last unit and 

present sub-goals for today’s unit. 

 Ask: What was difficult? What was easy? Open 

questions? 

 Observe the teamwork: enable students to assume 

different identities and roles (leader, designer, 

programmer, etc.). 

 Build confidence: 

o Praise students, provide confirmation 

o Celebrate “Aha!-effects”  

o Provide recognition of work done 

o Balance extrinsic and intrinsic motivators 

 Support collaboration and communication during the 

whole game production process 

 Foster originality and self-expression  

o What else can you add to the game?  

o Are you satisfied with your game? 

o Is anything missing? 

o Is there some room for improvement? 

 Students feel pride/self-efficiency! 

 Check the state of the work:  

o Who needs more time? 

o Provide extra tasks for the faster ones. 

Coding –  

Personal 

Experiences 

 

 

 

 

 

 

 

 

 

 

Engagement 

– 

Collaboration 

 

 

 

 

 

Creativity – 

Freedom of 

Choice 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Hints:  per unit at 45 minutes   (1) (2) (3): steps     (a) (b) (c): choose 

Legend:  * gender sensitive   only for schools   optional       only if coding from 

scratch 

 

(3.2) Don’t forget 

the gender  

3.2.1 Be gender-sensitive/aware * 

 Be sure your learning materials are free of gender 

stereotypes (example games, learning goals, 

templates/frameworks). 

 Use a gender sensitive language, e.g., do not foster male 

masculinity in tech (e.g., only refer to a technician as 

HE), consider that language forms pictures; so make 

women visible and audible, use both definitions (e.g., in 

German) or more neutral forms if they exist. 

 Use gender sensible language and imaginary for slides, 

material, and examples. 

 Praise students the right way: not for spent effort/time, 

but for their knowledge. 

 Provide a stress-free and anxiety-free working 

environment by considering different skill levels or 

preferences. 

 Ensure a competition-free environment. 

 Observe groups/individuals: who is engaged, who asks, 

and who is holding back. 

 Support (girls) to pursue and persist in technology 

 

Engagement 

– 

Collaboration 

 

 
 

Stage 4: The Closing 

(4.1) Enable 

recognition of 

the student’s 

progress by 

peers, teachers, 

and parents 

 

4.1.1: Allow students to present their games in public to 

provide a sense of ownership & pride 

 (voluntary/mandatory)  

 In front of their peers (during the last unit) 

 At events (e.g., open house days, final event) 

 Sharing (i.e. through a public forum) 

 Recap session / ask questions: 

o Who will program at home? Tell his/her 

friends? 

o Highlights/problems, etc. 

 

4.1.2: Make a short quiz  

 Discuss the questions at the beginning of the unit with the 

whole class 

 Define easy questions, e.g., single choice questions 

 No teamwork, no grading 

 Discuss the questions after the quiz 

 

4.1.3: Evaluate submitted programs  

Assessment of:  

 Confirmation of achievement of the learning goal(s) 

 Use of game design elements  

 Program structure (e.g., code statistics, finished 

program) 

( assessment template sheet) 

 

Engagement 

– 

Collaboration 

 

 

 

 

 

 

 

 

 

Coding – 

Structure  

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 
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Storyboard 
 

1) Title scene 2) Introduction scene 

3) Game scene(s) 4) End scene 

 

  



Name of your game:  

 

Main character:  

 

Gameplay 
(what is your game about?) 

 

 

 

Genre/theme 
Genre: Action (platform, 

jump’n’run, shooter) 

Adventure (RPG, storytelling) 

Puzzle (skill game), Strategy 

Quiz, Simulation (racing)  

 

Theme: Horror, Romance, 

Science Fiction, Space, Sport, 

Future, Nature, Fantasy 

 

Goal 
Capture, destroy, avoid, solve, 

chase, racing. escape, build, 

etc. 

 

 

 

Mechanics/Dynamics 
Points, level, challenges, 

inventory, high-score, timer 
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PECC-Assessment template 

 

PLAYING/CREATIVITY (DESIGN ELEMENTS) 
Genre  
1:action, 2:adventure, 3:puzzle, 4:quiz, 5: simulation/racing, 6: strategy/skill, 7:platform/jump’n’run, 8: action shooter 

9:RPG adventure, 10:text adventure/storytelling 

 

Theme 
1:crime/detective, 2:science fiction, 3:fantasy, 4:romance, 5:sports, 6:nature, 7: space, 8:realistic, 9:horror, 10:comic 

 

Goal 
1:capture/avoid/destroy, 2: territorial, 3: acquisition, 4: collection, 5: solve, 6: chase/racing/escape, 7: spatial alignment, 8: 

build, 9: negation of another goal, 10: no goal/animation 

 

Shape of a game (yes/no) 
title scene, introduction scene, game scene(s), end scene 

 

Level of control 
e.g., sensors, keys, buttons,… 

 

Visual design 
1:handmade artwork, 2:painting app/tool, 3:internet, 4:media library, 5:own photograph, 6: photoshop 

 

Sound design 
1:own records, 2:internet, 3: media library 

 

Main character   

Others 

e.g., restart button, timer progress bar, difficult levels,… 

 

Deviations from the original storyboard/idea (yes/no)  

 

GAME ELEMENTS (MDA) x=used 

 Planned game 

elements 

Implemented 

game elements 

Postponed 

game 

elements due 

resource 

limits 

Added game 

elements 

through game 

development 

Levels/reward     

Points/status     

Challenges/achievements     

Virtual goods     

Self-expression     

Leaderboard/competition     

Sensation     

Fantasy     

Narrative     

Fellowship     

Discovery     

Expression     

Feedback (for the player)     

 

TEAMWORK 
Group composition 
SG: small group, PW: pair work, I: individual 

 

Role/responsibility within the group  

 

 

 

 

  



ENGAGEMENT / CODING 
Scale 1-4 (1=lowest, 4=highest) 

Collaboration 
Observations regarding collaboration, support, and interaction in classes with other students while coding. 

 

Teacher intervention (positive intervention/mentoring) 
Taking into account the interest shown in class as well as the questions and interactions of the student with the teacher. 

 

Match of  (learning) goals & gaming objectives  
Achievement of the pre-defined learning goals (defined by the teacher). Adherence to the academic theme or content 
that needs to be learned by the student. 

 

Match of  gaming objectives  
Game’s appearance and used MDAs, and game design aspects. 

 

Game originality 
Originality of the game, or how the academic concept “is gamified”. 

 

Complete/sequence /flow/story structure 
How the concept and its different areas/parts are represented in the game (use of the “Shape of a game”) 

 

Work defense 
Presentation of the game, “defend” the performed work, and answer to questions. 

 

 

CODING  
Use of template/framework (yes/no)  

Number of scripts/classes  

Number of bricks/functions  

(…)  

Number of objects  

Number of looks  

Number of sounds  

Number of global variables  

Number of local variables  
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Example of a PECC Workshop (Lesson plan) 

For Grade 9 

 

Unit 1 

Introduction to Pocket Code/Game design 

Structure of the unit: introduction, presentation, bricks on paper activity, game 
design 

Lesson at 50 minutes: 1-2 units 

 

Unit 2 

Coding 

Structure of the unit: bricks on paper activity, coding 

Lesson at 50 minutes: 1-2 units 

 

Unit 3 

Presentation and closing 

Structure of the unit: coding, presentation, discussion  

Lesson at 50 minutes: 1-2 units 

  



Unit 1 
Introduction to Pocket Code 

 

Structure of the unit: introduction, presentation, brick-on paper activity, game 
design 
Lesson at 50 minutes: 1-2 units 

 

Checklist 

Power point presentation with examples, task explanation, and learning goal  

For the bricks on paper activity per student: set of bricks, 3 planets, 1 
background, 1 character, 1 motion type, coordination system, tap, scissor, 
A3 paper 

 

Informed consent of parents   

List of usernames/passwords   

At the end of the lesson: collect the produced templates  

At the end of the lesson: preinstall the “Shape of a Game” on the devices1  

 

Timetable 

 5 minutes    Intro 
15 minutes    Warm-up  
15 minutes    Presentation 
15 minutes    Explanations to the task   
45 minutes    Bricks on paper activity 
 5 minutes    Closing 
2 Units à 50 minutes 

 

Learning Goal(s) 

Students can apply the concepts of loops/broadcast messages and explain for what 
they are used for. 

Students can use bricks (different actions) and put them together in order to create 
a syntactically and semantically correct pseudocode on paper.  

Result 

All students start with the bricks on paper activity (coordination system) and choose 
their objects (own assets). 

  

                                                                 
1 Example: https://share.catrob.at/pocketcode/program/48517 



Sequence: 

Intro 

Duration: 5 minutes 

 What to expect (structure of the units, agenda) 

 Collect informed consent  

 Assign credentials to students 

 

Warm-up 

Duration: 15 minutes 

Discussion: 

 Which technical professions do you know? 

 Which study/training do you need to acquire technical skills? 

 What does a computer scientist do? Do you know people who are working in 
those fields? 

 Who already has experience in coding? Which tools did you use for coding? 

 What is coding? What is an algorithm?  

 Which programming languages do you know? 

 What kind of games do you play? 

 What makes you play games? 

Talk about role models, famous female IT specialists from the history and the IT 
profession in general. 

 

Introduction to Pocket Code 

Duration: 15 minutes 

Presentation & collaborative program creation 

 Slide 1: show the app Pocket Code + how to download 

 Switch to live-demo 1 
o Show the menu/UI 
o Show “Explore” (community sharing platform), programs 
o Create a new program (starter program): show scripts, looks, sounds 

and brick categories 
o Ask students for the next step while programming 
o Show a program that already has two objects with two looks 2 (ask: 

“What is an object?) 
 Add a look 
 Add a brick „When tapped“ and switch the look “Next look” 

 Slide 2: explain loops 

 Slide 3: explain broadcast messages 
o Switch to live-demo 2/starter program 
o Add a “Forever loop” brick and a “Wait” brick to program ( to create 

an animation) 

                                                                 
2 https://share.catrob.at/pocketcode/program/41332 



o Add “broadcast messages” to the program (“When tapped”, “Send to 
all”, second object: “When I receive” “Say Hello!”) 

 

Explanation of the task 

Duration: 15 minutes 

“Your object wants to learn something about the planets and goes on a journey to 
outer space. The planets tell him/her some facts about themselves if the object 
touches them.” 

Discuss the task: What concepts are needed?  

 Slide 4: explain the task and learning goal (for today) 
1. Bricks on paper activity 
2. Take one background 
3. Choose one object 
4. Choose 3 planets 
5. Take a set of bricks 
6. Take “level of control” for the main character (inclination sensor, 

“When tapped” proberty) – allocated randomly 

 Live demo 3: show the different kinds of movement with a program 

Hint: Everybody should create his own program on paper. Students can work 
together in regard to their assigned sensor and can create their own assets 
(characters, planets). 

 

Bricks on paper activity (hands-on) / Pseudocode 

Duration: 45 minutes 

 Slide 5 with hints: 
o Name your object. 
o Define the size of your object. 
o Where should you place your object? 

 Ask: What is a coordination system? 
( coordination system) 

o What happens if the object touches the planets? 
o Which object needs to communicate with the others and when? 
o What do the planets have to say? 

 Slide 6: show a slide of how it could look (the brick on paper template)  
o Ask: “What is a pseudocode?” 

 

Closing 

Duration: 5 minutes 

Summarize and recap. 

  



Unit 2 

Coding 

 

Structure of the unit: bricks on paper activity, coding 
Lesson at 50 minutes: 1-2 units 

 

Checklist 

Distribute tablets/smartphones (note down which students use which 
tablets) 

 

Distribute the handmade templates/collect them again at the end of the 
lesson 

 

 

Timetable 

5 minutes   Repetition 
35 minutes   Finish bricks on paper activity 
10 minutes   Research facts to planets (internet) 
05 minutes   How to start? 
40 minutes   Coding   
 5 minutes   Upload 
2 Units at 50 minutes 

 

Learning Goal(s) 

Students create their game according to their self-made template. Students use the 
app Pocket Code, add bricks (actions), objects, and looks to their games, do research 
(research facts to planets), and try to solve these tasks alone or in teams.  

Result 

All students finish the bricks on paper activity; they collect facts about the planets (3 
facts per planet) and all start to code in Pocket Code. 

  



Sequence: 

Repetition 

Duration: 5 minutes 

Discuss: 

 What did we do the last time?  

 How many of you already finished with X or X (last sub-goals)? Who needs 
more time? 

 What was difficult? What was easy? Open questions? 

 

Finish bricks on paper activity 

Duration: 35 minutes 

Foster teamwork and provide support. 

 

Research facts to planets (internet research) 

Duration: 10 minutes 

 Allocate the tablets. 

 Students search for three facts to include about each planet (internet 
research). 

 

How to start? 

Duration: 5 minutes 

 Slide 7: Explain the “Shape of a Game”. 

 Life demo 3: Show how to add new scenes and rename the scene. 

 

Coding 

Duration : 40 minutes 

Start with your games. 

Provide hints: add each brick one by one and execute the program to see what 
happens. Test often and adjust if something is not right 

Foster collaboration: 

 Observe the teamwork. 

 Build confidence: praise students, provide recognition of work done. 

 Balance extrinsic and intrinsic motivators. 

 Foster originality and self-expression. 

 Be gender aware! 
 

Upload and Closing 

Duration: 5 minutes 

Upload programs and collect templates. 



Unit 3 

Presentation and Closing 

 

Structure of the unit: coding, presentation, discussion  
Lesson at 50 minutes: 1-2 units 

 

Checklist 

Prepare quiz  

Program upload  

 

Timetable 

 5 minutes   Repetition 
70 minutes   Coding, extra tasks, uploading 
10 minutes   Students present 
10 minutes   Quiz 
 5 minutes   Discussion and closing 
2 Units at 50 minutes 

 

Learning Goal(s) 

Students code their own games and integrate the “Shape of a game” in their games. 
They can explain the different parts and concepts used. 

Result 

Students can present their programs to their peers and explain different concepts. 
They upload their programs to the community website. 

  



Sequence 

Repetition 

Duration : 5 minutes 

Discuss: 

 What did we do the last time?  

 How many of you already finished with X? Who needs more time? 

 What was difficult? What was easy? Open questions? 

 Ask questions you are going to ask at the end of the unit during the quiz. 

 

Finish programs (coding) and upload the game 

Duration: 70 minutes 

Students who finished earlier can work on extra tasks: 

 Include the “Shape of the Game” (use of variables) 
o Ask: When does the game start/end? What are variables? 

 Add a quiz at the end with questions about the planets. (Use of “Ask” brick).. 

 Help your colleagues. 

Upload the games. 
 

Presentation 

Duration: 10 minutes 

Two volunteers present their games in front of their peers (one who used the 
inclination sensor and one who used “When tapped”-property, one girl/one boy). 

Sequence: 

 Present the game (play). 

 How did you manage the movement of the object? 

 How did you add the end screen? 
 

Quiz 

Duration: 10 minutes 

Possible questions: 

 What happens when you tap on the play button? 

 Each object consists of: (a, b, c). 

 Which block categories can you remember? 

 Which loops did you use or which ones can you remember?  

 What do you need for objects to communicate with each other? 
 

Discussion and Closing 

Duration: 5 minutes 

Discuss in plenum: 

 The answers of the quiz 



 Who is planning to continue coding with Pocket Code? (reasons for/against) 

 What did you like the best/the worst? Recommendations? 

 Do you want to use the app in other/in this courses again? 
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Your device screen 
 

Add the size of you screen. The coordinate system is visible if you pause the game during playing (back button) 

and tap on “Axis on”.  

0 
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Used sources: 

 https://learning.linkedin.com/blog/tech-tips/coding-de-coded--18-terms-new-programmers-

should-know 

 https://techterms.com/ 

 https://wiki.scratch.mit.edu 

 

Broadcast Message 

Broadcasts are messages that allow users to send messages to all at once or to a specific group. Examples 

are newsletters, sales offers, or seasonal messages. In Pocket Code messages are used to communicate 

among objects.  

Conditional 

Conditions are there to process decisions, e.g., when you have to choose which way to proceed. They 

are evaluated to either be TRUE or FALSE. Furthermore, multiple conditions can be combined into a 

single condition with the same final value. 

Data type 

They represent a specific kind of data item, defined by the values it can accept, the programming 

language, and/or the operations that can be performed on it. For example integers (simple numbers), 

floating numbers (decimal-based numbers), Boolean values (TRUE or FALSE) and strings (a text or 

words), etc. 

Expression 

An expression is a mathematical statement that comprises of variables, numbers, and operations, which 

results into a specific value. For example “(x + y)/ 100”.  

IDE 

This is short for Integrated Development Environment and means a development tool (or collection of 

tools) used to develop particular languages. They can include code editors, compilers, debuggers, and 

other utilities. For example, Microsoft’s Visual Studio, and Java IDEs like IntelliJ, NetBeans, or Eclipse.  

Loop 

A sequence of instructions that are continually repeated (looped) until a certain condition is reached. 

For example repeat until, or forever, etc.  

Object 

In object-oriented programming languages, an object has a name, a state (defined by his values) and a 

behavior (defined by his actions). For example a cat has states such color, and hunger, and  her behavior 

is meowing, hissing, or clinging.  

Parameter 

A parameter or "argument" in programming is a value that is set into a function. Functions can usually 

have multiple parameters. 

Pseudocode 

A pseudocode is like a rough draft of the code, which shows an outline of the intent and flow of a 

program before writing and debugging the actual code.  

Variable 

In math, a variable is a symbol or letter that represents a value. In programming, a variable is a named 

identifier with a value that changes throughout the execution of the code. Once a variable is defined in 

the program, the value can be changed when needed. Examples are variables for a score or a time.  
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